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Undergraduate Certificate in Advanced Combustion Engineering

Safety and Hazard Analysis in Combustion

Ignition source – any energy input capable of raising a combustible mixture to its ignition temperature.
Typical sources include open flames, hot surfaces, electrical arcs, and static discharge. In a laboratory
furnace, a spark plug can serve as a controlled ignition source, allowing the study of flame stability. The
challenge in safety analysis is to identify all possible ignition sources, even those that seem unlikely, such as
friction‑generated heat in moving equipment.

Flammability limit – the concentration range of a fuel in air within which combustion can be sustained. The
lower flammability limit (LFL) marks the minimum fuel concentration that can ignite, while the upper
flammability limit (UFL) marks the maximum. For methane, the LFL is about 5 % by volume and the UFL is
about 15 %. Knowledge of these limits is essential when designing ventilation systems; a failure to maintain
concentrations outside the flammable range can lead to accidental fire or explosion.

Flash point – the lowest temperature at which a liquid releases enough vapor to form an ignitable mixture
with air. Flash point testing follows standards such as ASTM D93 (closed‑cup) or ASTM D56 (open‑cup). A
gasoline flash point of – 40 °C explains why it must be stored in sealed containers. In hazard analysis, flash
point helps classify liquids according to fire‑hazard categories and dictates the type of fire‑suppression
equipment required.

Autoignition temperature (AIT) – the temperature at which a substance will spontaneously ignite in a normal
atmosphere without an external spark. For diesel fuel, the AIT is typically around 210 °C. When assessing the
risk of hot‑surface ignition, the AIT is compared to the maximum surface temperature of equipment; a
safety margin is often set at least 30 °C below the AIT to prevent accidental ignition.

Stoichiometric mixture – a fuel‑air ratio in which all fuel is completely consumed by the available oxidizer,
leaving no excess of either component. For methane, the stoichiometric air‑fuel ratio is approximately
17.2 : 1 by mass. Stoichiometric mixtures produce the highest flame temperature and pressure rise, making
them a critical reference point in explosion‑pressure calculations. However, most practical combustion
systems operate fuel‑lean to reduce NOx emissions and improve safety.

Lean mixture – a fuel‑air mixture containing less fuel than the stoichiometric ratio. Lean operation reduces
flame temperature, which in turn lowers the formation of nitrogen oxides (NOx). In a gas turbine, lean
operation is common, but it also narrows the margin to the LFL, demanding careful control of fuel flow and
thorough monitoring of inlet air composition.

Rich mixture – a fuel‑air mixture containing more fuel than the stoichiometric ratio. Rich combustion can
increase soot formation and unburned hydrocarbons, and it raises the risk of flashback in premixed burners.
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In industrial furnaces, operating too rich may lead to local hot spots that approach the AIT, creating a
hazard for ignition of surrounding materials.

Flame speed – the rate at which a flame front propagates through a combustible mixture, usually expressed
in centimeters per second. Laminar flame speed is a fundamental property used in designing burners and
predicting flame stability. Higher flame speeds can lead to rapid pressure rise in confined spaces, a key
factor in deflagration‑to‑detonation transition (DDT).

Deflagration – a subsonic combustion wave driven by thermal diffusion, where the flame front propagates
slower than the speed of sound in the unburned mixture. Deflagration is the typical mode of combustion in
most industrial burners and furnaces. The pressure rise in a deflagration is relatively modest, but in confined
geometries the resulting overpressure can still cause structural damage.

Detonation – a supersonic combustion wave coupled with a shock front, travelling faster than the speed of
sound. Detonation yields extremely high pressure and temperature spikes, often exceeding 30 MPa in
confined vessels. The transition from deflagration to detonation is a major safety concern in high‑energy
gas pipelines, where the presence of obstacles, high initial pressures, and rich mixtures can promote DDT.

Explosion pressure – the peak pressure generated during a rapid combustion event, typically measured in
bar or MPa. Explosion pressure is a function of the initial mixture composition, confinement, and the rate of
energy release. In safety design, the maximum anticipated explosion pressure (MAEP) is used to size relief
devices such as rupture discs and safety valves.

Overpressure – the pressure above ambient that results from an explosive event. Overpressure levels of
0.1 MPa can cause glass breakage, while 0.5 MPa may deform steel structures. Understanding overpressure
distribution is essential for determining safe separation distances between equipment and for designing
protective barriers.

Blast wave – the high‑pressure front that travels outward from an explosion, followed by a negative
pressure phase. The blast wave’s impulse (pressure × time) is a critical parameter for evaluating structural
damage. Computational fluid dynamics (CFD) models often simulate blast wave propagation to assess the
effectiveness of explosion‑mitigating structures.

Fire triangle – the conceptual model that identifies three elements required for fire: fuel, oxidizer, and
ignition source. Modern safety analysis expands this to the fire tetrahedron, adding the chemical
chain‑reaction step. The fire triangle remains a useful tool for systematic hazard identification, prompting
engineers to eliminate at least one element to prevent fire.

Fire tetrahedron – an extension of the fire triangle that includes the sustaining chemical chain reaction. By
disrupting the chain reaction through inhibitors such as halon or CO₂, fire can be extinguished even when
fuel and oxidizer are still present. This concept underpins the design of fire‑suppression systems for
gas‑filled enclosures.
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Heat release rate (HRR) – the amount of thermal energy liberated per unit time during combustion, usually
expressed in kilowatts (kW). HRR is a key metric for evaluating fire growth and for sizing fire‑detection and
suppression equipment. In a furnace, the HRR can be controlled by adjusting the fuel flow, whereas in an
uncontrolled fire it is dictated by the available combustible material and ventilation.

Thermal runaway – a self‑accelerating increase in temperature caused by exothermic reactions that outpace
heat removal. In combustion systems, thermal runaway can occur when a hot spot ignites surrounding fuel,
leading to a rapid spread of flame. Preventive measures include proper cooling, temperature monitoring,
and the use of inert gas blanketing.

Inerting – the process of introducing a non‑reactive gas (commonly nitrogen, carbon dioxide, or argon) to
reduce the oxygen concentration below the level required for combustion. Inerting is widely employed in
storage tanks for flammable liquids, where the oxygen level is maintained below 8 % by volume to prevent
ignition. The effectiveness of inerting depends on proper mixing and continuous monitoring of gas
composition.

Ventilation – the provision of fresh air to dilute combustible gases and remove heat. Adequate ventilation is
a primary control strategy for preventing the accumulation of flammable vapors in confined spaces. Design
considerations include airflow rate, distribution, and the potential for creating unintended flow paths that
could feed a developing fire.

Explosion vent – a pressure‑relief device that provides a controlled opening for the rapid release of gases
during an explosion, thereby limiting pressure buildup. Explosion vents are commonly used on
dust‑explosion‑prone equipment such as grain silos. The vent’s design must balance the need for rapid
pressure relief with the requirement to prevent flame propagation back into the protected area.

Relief valve – a mechanical device that opens at a predetermined set pressure to protect equipment from
overpressure. Relief valves are selected based on the calculated MAEP and the required flow capacity. In
gas‑processing plants, relief valves are often paired with rupture discs for redundancy, ensuring that if one
device fails, the other can still protect the system.

Safety instrumented system (SIS) – a collection of sensors, logic solvers, and actuators designed to bring a
process to a safe state when hazardous conditions are detected. SIS design follows IEC 61511, which
categorizes safety functions by safety integrity level (SIL). A typical SIS for a combustion system may
monitor flame detectors, pressure transducers, and temperature sensors, initiating fuel shut‑off and venting
when unsafe conditions arise.

Flame detector – a sensor that senses the presence of a flame by detecting infrared, ultraviolet, or visible
radiation. Flame detectors are essential for rapid shutdown of fuel supply in burners. The choice of detector
type depends on the flame’s spectral characteristics and the ambient environment; for example, UV
detectors are highly sensitive to hydrocarbon flames but can be prone to false alarms from sunlight.

Read online: https://certificates.gsbf.co.uk/guides/5326636/safety-
and-hazard-analysis-in-combustion

Greenwich School of Business and Finance · 13 Jul 2026



G U I D E

Pressure transducer – a device that converts pressure into an electrical signal for monitoring and control. In
hazard analysis, pressure transducers provide real‑time data for detecting abnormal pressure rises that may
indicate a developing explosion. Calibration and redundancy are critical to ensure reliability, especially in
safety‑critical loops.

Temperature sensor – a device that measures temperature, commonly using thermocouples or resistance
temperature detectors (RTDs). Accurate temperature monitoring helps prevent thermal runaway and
ensures that equipment does not exceed design limits. In high‑temperature combustion chambers, special
high‑temperature thermocouples (e.g., Type S) are required.

Hazard identification – the systematic process of recognizing potential sources of danger. Techniques
include checklists, brainstorming, and formal methods such as Hazard and Operability Study (HAZOP) and
Failure Modes and Effects Analysis (FMEA). Effective hazard identification forms the foundation of any
risk‑assessment program.

Risk assessment – the quantitative or qualitative evaluation of the likelihood and consequence of identified
hazards. Risk matrices often combine probability categories (e.g., rare, unlikely, possible, likely, frequent)
with consequence categories (e.g., negligible, minor, moderate, major, catastrophic). The output guides the
selection of mitigation measures and the allocation of resources.

HAZOP – a structured, team‑based technique for examining a process design to uncover deviations from
intended operation. Each “node” is examined using guide words such as “No,” “More,” “Less,” “As well as,”
and “Reverse.” For combustion systems, HAZOP may reveal that a valve stuck in the open position could
lead to an unintended fuel‑rich condition, prompting the addition of a redundant shut‑off valve.

LOPA (Layer of Protection Analysis) – a semi‑quantitative method that evaluates the adequacy of existing
and proposed safeguards. LOPA calculates the probability of a hazardous event after considering
independent protection layers (IPLs) such as alarms, interlocks, and safety‑instrumented functions. A typical
LOPA for a gas‑fired boiler might determine that three independent IPLs are required to reduce the risk to
an acceptable level.

FMEA (Failure Modes and Effects Analysis) – a systematic approach for identifying possible failure modes of
components, their causes, and the effects on system performance. In combustion safety, FMEA can be
applied to fuel pumps, pressure regulators, and flame detectors. By ranking failure modes by severity,
occurrence, and detection, engineers prioritize corrective actions.

Fault tree analysis (FTA) – a top‑down deductive method that models the logical relationships leading to a
predefined undesired event (the “top event”). Gates such as AND, OR, and NOT represent logical
combinations of basic events. For a detonation scenario, the top event might be “Explosion in pipeline,”
with basic events including “Fuel leak,” “Ignition source present,” and “Pressure exceeds design limit.”

Event tree analysis (ETA) – a forward, inductive technique that explores the possible outcomes following an
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initiating event. Each branch represents a success or failure of a safety function, leading to a range of end
states. ETA complements FTA by illustrating how protective measures can arrest the progression from a fuel
leak to a full‑scale explosion.

Safety factor – a design margin applied to account for uncertainties in material properties, loading
conditions, and modeling approximations. In combustion equipment, a safety factor of 1.5 may be applied
to pressure vessel thickness to ensure adequate resistance to overpressure, even if the calculated MAEP is
slightly underestimated.

Design basis accident (DBA) – a hypothetical worst‑case scenario used to guide the design of safety
systems. For a gas‑turbine combustor, a DBA might assume a sudden loss‑of‑combustion‑air leading to
flame‑out, followed by a rapid re‑ignition that creates a pressure spike. The DBA defines the performance
requirements for relief devices and control systems.

Explosion class – a classification that groups hazardous areas based on the likelihood of an explosive
atmosphere and the type of ignition source. The most common classification systems are the International
Electrotechnical Commission (IEC) zones (Zone 0, Zone 1, Zone 2) and the National Fire Protection
Association (NFPA) divisions (Division 1, Division 2). Proper classification informs the selection of equipment
ratings and wiring methods.

Intrinsic safety – a protection method that limits the energy (electrical and thermal) in a circuit to levels
insufficient to ignite a flammable atmosphere. Intrinsically safe devices are widely used in hazardous zones
for temperature transmitters, pressure switches, and flame scanners. The design must ensure that even
under fault conditions (e.g., short circuit) the energy remains below the ignition threshold.

Explosion‑proof (or flame‑proof) enclosure – a housing that contains any internal explosion and prevents
the transmission of flame or hot gases to the external environment. Explosion‑proof enclosures are required
for equipment installed in zones where an explosive atmosphere may be present. The enclosure must be
designed to withstand a specified internal pressure rise, typically 2–3 bar.

Purging – the process of clearing a system of combustible gases by flushing it with an inert gas or clean air.
Purging is critical before start‑up of fuel‑rich equipment or after maintenance that could introduce fuel
residues. Effective purging requires proper flow direction, sufficient flow rate, and monitoring of residual
fuel concentrations.

Blow‑down – the rapid depressurization of a vessel or pipeline, often used as a safety measure to prevent
overpressure. Blow‑down valves must be sized to achieve the required pressure reduction within a defined
time (e.g., 10 seconds) to avoid triggering a DDT. The design must also consider the thermal impact of rapid
expansion on downstream equipment.

Flashback – the phenomenon where a flame propagates upstream into the premixed fuel‑air region,
potentially reaching the fuel source. Flashback can cause damage to burners and ignite fuel lines. Preventive
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measures include the use of flame arrestors, dilution with inert gas, and maintaining a sufficient velocity of
the fuel‑air mixture to exceed the flame speed.

Back‑fire – similar to flashback but occurs when the flame propagates downstream into a combustion
chamber that is not designed for flame propagation. Back‑fire can lead to catastrophic failure of the
combustion chamber. Design strategies include proper flame arrestors and ensuring that the flame holder
geometry does not allow reverse propagation.

Quenching distance – the minimum gap between two surfaces that will extinguish a flame. For methane‑air
mixtures at atmospheric pressure, the quenching distance is about 0.5 mm. Flame arrestors are designed
with channels that are smaller than the quenching distance, ensuring that any propagating flame is
extinguished before it can travel further.

Dust explosion – a rapid combustion event involving finely divided combustible solids suspended in air.
Dust clouds become explosive when the particle size is below a critical threshold (typically Dust deflagration
index (Kst) – a parameter that quantifies the explosiveness of a dust cloud, expressed in m·s⁻¹. Higher Kst
values indicate more violent explosions. Materials with Kst > 200 m·s⁻¹ are classified as “explosive dust” and
require stringent safety controls. Kst is determined experimentally in a 20‑litre spherical explosion chamber.

Dust concentration – the mass of dust per unit volume of air, typically expressed in g/m³. The LFL for a dust
depends on particle size, shape, and moisture content. For aluminum dust, the LFL may be as low as 10 g/
m³, making even modest dust accumulations hazardous. Continuous monitoring of dust concentration is
essential in high‑risk processes.

Secondary ignition – the ignition of a fuel‑air mixture caused by the heat released from a primary fire or
explosion. In a plant where a gas leak ignites, the resulting flame may ignite adjacent fuel lines, leading to a
cascading series of events. Hazard analysis must consider secondary ignition pathways to prevent
escalation.

Explosion isolation – the use of barriers, firewalls, or blast doors to prevent the transmission of pressure
waves and flames from one area to another. Explosion isolation is required when hazardous equipment is
located near critical infrastructure such as control rooms. Proper sealing and material selection are crucial to
maintain integrity under blast loading.

Blast‑resistant construction – structural design that can withstand the dynamic loads generated by an
explosion. Reinforced concrete walls, steel framing, and energy‑absorbing panels are common elements.
The design must account for both the peak overpressure and the impulse duration, often using standards
such as EN 1499 for blast‑resistant doors.

Control of ignition sources – the implementation of engineering and administrative measures to eliminate
or reduce potential ignition energy. This includes hot‑work permits, static‑discharge control, and the
selection of non‑sparking tools. A comprehensive control program integrates training, inspection, and

Read online: https://certificates.gsbf.co.uk/guides/5326636/safety-
and-hazard-analysis-in-combustion

Greenwich School of Business and Finance · 13 Jul 2026



G U I D E

equipment maintenance.

Static electricity – the accumulation of electrical charge on surfaces due to friction, separation, or induction.
In fuel handling, static discharge can ignite vapors if the charge exceeds the breakdown voltage of the
surrounding air (approximately 30 kV/cm). Grounding and bonding of equipment, along with the use of
antistatic additives, are common mitigation techniques.

Hot work permit – a formal authorization that outlines the precautions required for activities involving open
flames, welding, or grinding. The permit system ensures that fire watches are assigned, fire‑extinguishing
equipment is readily available, and the area is cleared of flammable materials before work begins. Failure to
follow a hot‑work permit is a frequent cause of accidental fires in industrial settings.

Fire watch – an individual assigned to monitor a work area for signs of fire during and after hot‑work
operations. The fire watch must be equipped with portable extinguishers and must remain on duty for a
prescribed period (often 30 minutes) after the work is completed. Documentation of fire‑watch activities is
essential for compliance audits.

Fire‑extinguishing agent – a substance used to suppress fire by removing one or more elements of the fire
tetrahedron. Common agents include water, carbon dioxide, dry chemical powders, and clean agents such
as FM‑200. The selection of an extinguishing agent depends on the class of fire, the presence of sensitive
equipment, and environmental considerations.

Water mist system – a fire‑suppression technology that discharges fine droplets (≤ 100 µm) to cool the
flame and displace oxygen. Water mist is effective for Class B fires (flammable liquids) and can be used in
enclosed spaces where conventional sprinkler systems may cause water damage. The high
surface‑area‑to‑volume ratio of the mist droplets enhances heat absorption.

CO₂ suppression system – a fire‑suppression system that floods an enclosure with carbon dioxide, reducing
oxygen concentration below the level required for combustion (typically Halogenated clean agents –
fire‑suppression chemicals that interrupt the chemical chain reaction without leaving residue. Agents such
as HFC‑125 and HFC‑227ea are used in data centers and aircraft cabins. Their effectiveness is measured by
the concentration needed to achieve a 50 % extinguishment probability (often expressed as “design
concentration”). Environmental impact, such as global warming potential, is a growing concern for these
agents.

Automatic fire detection – systems that continuously monitor for the presence of fire indicators such as
heat, smoke, or flame. Common technologies include thermocouples, infrared beam detectors, and
multi‑criteria detectors that combine several sensing principles. Early detection is crucial for initiating
suppression actions and for evacuating personnel.

Multi‑criteria detector – a detector that evaluates multiple parameters (e.g., temperature rise, smoke
density, and CO concentration) before issuing an alarm. By requiring the concurrence of several signatures,
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false alarms are reduced while maintaining sensitivity to real fires. Multi‑criteria detectors are increasingly
mandated in high‑hazard environments.

Heat flux – the rate of heat transfer per unit area, expressed in kW/m². In fire safety, heat flux measurements
help determine the time to ignition of materials and the severity of thermal exposure. For example, a heat
flux of 10 kW/m² can cause second‑degree burns in humans within seconds, informing the design of
protective clothing for emergency responders.

Thermal imaging camera – a device that visualizes temperature distribution by detecting infrared radiation.
Thermal cameras are valuable for locating hot spots in combustion equipment, identifying insulation
failures, and monitoring fire growth. They can also be integrated into automated safety systems to trigger
alarms when temperatures exceed predefined thresholds.

Pressure relief device (PRD) – a generic term encompassing rupture discs, spring‑loaded safety valves, and
pilot‑operated pressure relief valves. PRDs are sized based on the calculated relief flow required to keep the
pressure below the MAEP. The selection of a PRD type depends on factors such as the nature of the fluid
(gas or vapor), the required response time, and the need for resealing after actuation.

Rupture disc – a thin, frangible membrane that bursts at a predetermined pressure, providing a rapid,
non‑reclosing pressure relief path. Rupture discs are advantageous in applications where a quick response
is essential, such as in high‑energy gas pipelines. However, they must be protected from mechanical
damage and must be inspected regularly for corrosion.

Safety integrity level (SIL) – a measure of the reliability of a safety function, defined by IEC 61508/61511.
SIL 1 to SIL 4 correspond to increasing levels of risk reduction. Achieving a higher SIL typically requires
redundant sensors, fail‑safe design, and rigorous testing. For a combustion shutdown system, a SIL‑2 rating
may be required to ensure that the probability of failure on demand (PFD) remains below 10⁻².

Probability of failure on demand (PFD) – the likelihood that a safety function will not perform when
required. PFD is a key parameter in SIL determination. It is calculated from component failure rates,
diagnostic coverage, and test intervals. Reducing PFD can be achieved by increasing test frequency, adding
redundancy, or improving component quality.

Diagnostic coverage – the proportion of potential failures that are detected by built‑in diagnostics. High
diagnostic coverage improves the confidence that a safety system will detect a fault before it leads to
unsafe operation. For a flame‑detector module, diagnostic coverage of 90 % means that nine out of ten
possible failure modes are identified by the system’s self‑checks.

Test interval – the scheduled time between verification tests of safety‑related equipment. Shorter test
intervals reduce the window of undetected failure, thereby lowering the PFD. However, overly frequent
testing can increase maintenance costs and may introduce wear. Optimization of test intervals balances
reliability with practicality.
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Redundancy – the inclusion of duplicate components or systems to increase reliability. In a critical
fuel‑shut‑off circuit, two independent solenoid valves may be installed in series, each capable of stopping
fuel flow. Redundancy must be truly independent; common‑mode failures (e.g., a shared power supply) can
negate the benefit.

Common‑mode failure – a failure that simultaneously disables multiple redundant components because
they share a common cause. Examples include a software bug affecting both primary and backup
controllers, or a fire that destroys both parallel sensor cables. Identifying and mitigating common‑mode
failures is a key part of safety‑instrumented system design.

Fire‑water sprinkler – an automatic fire‑suppression system that discharges water through a network of
pipes and sprinkler heads when a heat‑activated element reaches a set temperature (typically 68 °C for
ordinary‑type sprinklers). Sprinklers are highly effective for controlling Class A fires but may be less suitable
for electrical equipment where water could cause secondary damage.

Pre‑action sprinkler system – a hybrid system that combines aspects of dry‑pipe and wet‑pipe designs. The
system remains filled with air until a fire detection signal opens a valve, allowing water to flow to the
sprinkler heads. Pre‑action systems reduce the risk of accidental discharge and are commonly used in
museums and data centers.

Dry‑pipe sprinkler system – a sprinkler system where the piping is initially filled with air; water only enters
the pipes after a fire opens a dedicated valve. Dry‑pipe systems are employed in unheated spaces where
freezing could damage wet‑pipe installations. The air‑filled pipes must be purged after activation to prevent
steam generation that could damage equipment.

Fire‑resistant rating – the duration (in minutes) that a construction element can withstand fire exposure
while maintaining structural integrity. Ratings such as 60 min or 120 min are determined by standardized
tests (e.g., ASTM E119). In combustion facilities, fire‑resistant walls may be required to separate high‑risk
areas from control rooms.

Explosion‑proof lighting – lighting fixtures designed to contain any internal explosion and prevent ignition
of the surrounding atmosphere. These fixtures are rated for specific explosion classes (e.g., Class I,
Division 2). Proper installation includes ensuring that the enclosure is not compromised by mounting
hardware that could create gaps.

Electrical classification – the categorization of equipment based on the likelihood of igniting a flammable
atmosphere. IEC Ex and NFPA 70 provide standards for classifying equipment as intrinsically safe,
explosion‑proof, or purged and pressurized. Selecting the correct classification prevents inadvertent ignition
from electrical faults.

Purged and pressurized enclosure – an enclosure that is kept at a higher pressure than the surrounding
atmosphere with an inert gas, preventing entry of flammable gases. This method is used for instrumentation
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in hazardous zones, where the enclosure’s integrity is verified by pressure monitoring. The design must
include relief vents to avoid over‑pressurization.

Flame arrestor – a device that stops flame propagation while allowing gas flow. It consists of a series of
metal plates or ceramic channels with dimensions smaller than the quenching distance. Flame arrestors are
installed on vent lines, fuel supply lines, and exhaust ducts to prevent back‑propagation of flames into
equipment.

Venturi scrubber – a device that uses a high‑velocity gas stream to remove particulate matter and droplets
from a gas stream. In dust‑explosion mitigation, a Venturi scrubber can reduce dust concentration below
the LFL, thereby preventing ignition. The design must balance pressure drop with removal efficiency.

Explosion‑proof wiring – wiring that is installed in conduit or raceways rated for hazardous locations. The
conduit must be sealed to prevent the ingress of flammable gases, and the wiring must be rated for the
maximum temperature it may encounter. Proper routing and segregation of power and control circuits
reduce the risk of cross‑contamination.

Gas detection system – a network of sensors that continuously monitor for the presence of combustible
gases. Sensors may be catalytic bead, infrared, or semiconductor types, each with distinct sensitivity ranges
and cross‑sensitivities. Integration with the safety‑instrumented system allows automatic fuel shut‑off when
concentrations exceed the LFL.

Calibration – the process of adjusting a sensor’s output to match a known reference. Regular calibration
ensures that gas detectors maintain accuracy. Calibration intervals are typically defined by the manufacturer
but may be shortened in high‑risk environments. Failure to calibrate can lead to undetected leaks and false
safety assurances.

Leak detection – the identification of unintended releases of gas or vapor. Techniques include pressure
decay testing, ultrasonic detection, and the use of tracer gases such as helium. Early leak detection is crucial
for preventing the accumulation of flammable mixtures that could ignite.

Pressure relief vent – a passive device that opens when pressure exceeds a set point, allowing gases to
escape to the atmosphere. Unlike a rupture disc, a vent may reseal after pressure drops. Pressure relief vents
are often used on storage tanks where frequent pressure fluctuations occur.

Blast‑mitigation fence – a barrier designed to absorb and dissipate blast energy, protecting adjacent
structures. Materials such as reinforced concrete, steel plates, or engineered polymer composites are used.
The fence spacing and height are calculated based on the anticipated overpressure and impulse.

Heat‑absorbing panel – a passive fire‑protection element that stores thermal energy during a fire, reducing
the temperature rise in the protected area. These panels are used on walls and ceilings of critical facilities.
Their performance is characterized by thermal conductivity, specific heat, and thickness.
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Fire‑stop – a sealing system that maintains the fire‑resistance rating of a wall or floor assembly where
penetrations occur (e.g., for ducts or cables). Fire‑stops are made of intumescent materials that expand
when exposed to heat, sealing gaps and preventing flame spread. Proper installation is essential to preserve
the integrity of fire barriers.

Risk matrix – a graphical tool that plots the probability of an event against its consequence, helping
prioritize mitigation actions. In combustion safety, a risk matrix may show that a high‑probability,
low‑consequence event (e.g., minor fuel leak) receives moderate attention, while a low‑probability,
high‑consequence event (e.g., detonation) is prioritized for robust controls.

Consequences analysis – the evaluation of potential outcomes from a hazard, including damage to
equipment, personnel injury, environmental impact, and production loss. Quantitative methods may use
monetary values, while qualitative assessments rely on descriptors such as “minor” or “catastrophic.”
Consequence analysis feeds into the overall risk ranking.

Likelihood assessment – the estimation of how often a hazardous event may occur. Data sources include
historical incident records, failure‑rate databases (e.g., OREDA for offshore equipment), and expert
judgment. In combustion safety, likelihood may be increased by factors such as aging equipment,
inadequate maintenance, or poor operator training.

Mitigation hierarchy – the ordering of safety measures from most to least effective: elimination, substitution,
engineering controls, administrative controls, and personal protective equipment (PPE). For a gas‑fired
furnace, elimination of the hazard (e.g., replacing the gas with an electric heater) is most effective, but often
impractical, so engineers rely on engineering controls like pressure relief devices and interlocks.

Elimination – the removal of a hazard entirely from the process. In combustion engineering, complete
elimination would involve replacing a combustible fuel with a non‑combustible alternative, such as using
electricity for heating. While ideal, elimination is rarely feasible due to cost, performance, or regulatory
constraints.

Substitution – replacing a hazardous material or condition with a less hazardous one. An example is
substituting a high‑flash‑point oil with a lower‑flash‑point synthetic that has a higher autoignition
temperature, thereby reducing ignition risk. Substitution must be evaluated for compatibility with existing
equipment and process requirements.

Engineering control – a physical modification to the process that reduces risk. Examples include installing
flame arrestors, adding pressure relief devices, and redesigning venting systems. Engineering controls are
preferred over administrative measures because they do not rely on human behavior.

Administrative control – policies, procedures, training, and work instructions that aim to reduce risk. In
combustion safety, administrative controls include lockout‑tagout (LOTO) procedures for fuel lines, regular
inspection schedules, and the enforcement of hot‑work permits. While important, these controls are
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vulnerable to human error.

Personal protective equipment (PPE) – equipment worn by personnel to protect against hazards that cannot
be eliminated or controlled by other means. For combustion environments, PPE may include flame‑resistant
clothing, goggles, face shields, and respiratory protection. PPE is the last line of defense and must be
selected based on the specific hazards present.

Lockout‑tagout (LOTO) – a safety procedure that isolates energy sources and secures them with locks and
tags to prevent accidental re‑energization. In a fuel‑pump system, LOTO ensures that the pump cannot be
started while maintenance is performed. Proper LOTO implementation requires training, clear labeling, and
periodic audits.

Safety culture – the shared values, attitudes, and practices that determine an organization’s commitment to
safety. A strong safety culture encourages reporting of near‑misses, continuous improvement of hazard
analysis, and proactive identification of unsafe conditions. In combustion facilities, fostering a safety culture
reduces the likelihood of complacency that can lead to catastrophic events.

Near‑miss reporting – the documentation of incidents that could have resulted in injury or damage but did
not. Near‑miss data provide valuable insight into system weaknesses and help prioritize corrective actions.
An effective reporting system is anonymous, easy to use, and integrated with the organization’s
risk‑management processes.

Incident investigation – a systematic process to determine the root causes of an accident or near‑miss.
Techniques such as the “5 Whys” or fishbone diagrams are employed to trace the chain of events. The
findings guide the implementation of corrective actions, such as redesigning a fuel‑line connection that was
found to be prone to leakage.

Root‑cause analysis (RCA) – a deeper investigation that seeks the underlying systemic issues leading to a
failure. In combustion safety, RCA may reveal that a recurring valve failure is due to inadequate lubrication
procedures, prompting changes to maintenance schedules and parts specifications.

Corrective action – a measure taken to eliminate the cause of a detected non‑conformance or hazard.
Corrective actions may involve equipment redesign, procedural updates, training enhancements, or
procurement of higher‑quality components. Effectiveness is verified through follow‑up audits and
performance monitoring.

Preventive maintenance – scheduled maintenance activities designed to keep equipment in optimal
condition and prevent failures. For combustion equipment, preventive maintenance includes inspection of
fuel lines for corrosion, testing of pressure relief valves, and cleaning of burners to avoid fouling that could
cause uneven flame propagation.

Condition‑based monitoring – the use of sensors and data analytics to assess equipment health in real time.

Read online: https://certificates.gsbf.co.uk/guides/5326636/safety-
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Vibration analysis on fuel pumps, temperature monitoring on burner liners, and oil analysis for wear
particles are examples. Condition‑based monitoring enables predictive maintenance, reducing the chance of
sudden failures that could lead to hazardous releases.

Predictive analytics – the application of statistical models and machine learning to forecast equipment
failures based on historical data. In a gas turbine plant, predictive analytics might identify patterns in
temperature fluctuations that precede a flame‑out, allowing operators to intervene before an unsafe
condition develops.

Human factors engineering – the discipline that studies how people interact with equipment and processes,
aiming to design systems that are intuitive and error‑tolerant. In combustion control rooms, control panel
layout, alarm hierarchy, and ergonomic positioning of switches can significantly affect response times
during an emergency.
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