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Part 1 – Risk Assessment

Introduction: Framing the System and its Context
Few mechanical systems present such an intense intersection of kinetic force, chemical energy and human interface as a modern military-grade weapon platform. This report examines one such system across its entire lifecycle, from design bench to battlefield and eventually to safe disposal, with the intent to expose and address the most consequential safety risks embedded within. Using structured hazard identification (HazID), operability analysis (HazOp) and real-world insights from group-based review, this risk assessment is both exploratory and pragmatic: identifying where harm may occur and considering what defences are viable but proportionate and resilient. [1]

Operational Hazards and Lifecycle Risks
Across its journey from manufacture to disposal, the weapon system is exposed to, and itself generates, multiple hazards. The most prominent threats are rooted in physics (blast overpressure, mechanical failure), chemistry (combustion by-products, propellant toxicity), and human factors (procedural failure, inadequate training). The table below captures the most pressing of these risks.

















	Hazard Code
	Risk Scenario
	Triggering Factors
	Uncontrolled Risk Rating
	Controlled Intervention
	Adjusted Risk

	H-01
	Impact from weapon movement or protrusions
	Unauthorised access, lack of awareness, poor PPE use
	Frequent × Marginal
	Defined zones, training, hazard signage
	Unlikely × Marginal

	H-02
	Misfire causing explosion or system damage
	Defective munitions, faulty loading, degraded weapon state
	Probable × Catastrophic
	Ammunition QC, misfire drills, firing SOPs
	Improbable × Serious

	H-03
	Burns or cold-related injury during use
	Weather, long operating periods, no protective kit
	Frequent × Marginal
	Thermal PPE, usage briefings, equipment cooling
	Unlikely × Minor

	H-04
	Exposure to harmful combustion or cleaning by-products
	Lack of extraction, wrong solvents, incomplete combustion
	Frequent × Critical
	Sealed breech design, solvent control, COSHH-compliant methods
	Unlikely × Serious

	H-05
	Hearing damage from weapon discharge
	No ear protection, sustained exposure
	Frequent × Critical
	Hearing PPE, noise zoning, duty rotation
	Unlikely × Marginal

	H-06
	Mechanical failure (e.g., breech rupture)
	Ageing parts, misassembled systems, FOD, human error
	Frequent × Catastrophic
	Pre-use checks, design assurance, safety interlocks
	Rare × Serious

	H-07
	Overpressure effects from blast wave
	Confined spaces, firing overlap, improper spacing
	Frequent × Catastrophic
	Blast arcs, deflectors, SOP-compliant spacing
	Rare × Serious



Evaluating Residual Risk and ALARP Outcomes
The guiding principle here is not elimination, which is often impractical in military systems, but attenuation: reducing both the likelihood and consequence of harm to a tolerable zone. Risk has been dialled down using multi-layered controls,  engineering where possible, procedural where necessary, and benchmarked against standards such as JSP 482, COSHH, and ISO 45001. The outcome: all core hazards are demonstrably reduced to a level where further risk reduction would be grossly disproportionate, satisfying the ALARP threshold not just legally, but ethically.

Part 2 – Alarp Justification: Overpressure Event

Introduction: When Force Becomes  a Threat
In any large calibre weapon system, there are hazards that feel inevitable. The thunderclap of a firing sequence, the pulse of compressed air and the violent disruption of equilibrium, these are part of the physics of operation. Among the catalogue of credible hazards, blast overpressure stands out not just for its intensity, but for how easily it can catch operators off guard.
This report centres on that specific hazard: the invisible pressure wave generated upon firing, capable of disorienting, injuring or even killing anyone caught within its range. More than just a momentary event, blast overpressure is a systemic risk, one that must be designed for, trained around and continuously reviewed to ensure it remains As Low As Reasonably Practicable (ALARP).
What follows is not just a list of actions taken but a reflection on why certain decisions were made, what was considered but ultimately ruled out and how the safety envelope will evolve as conditions, technologies and risks shift over time.

Why Overpressure Demands Attention
Blast overpressure stands out among all identified hazards because it is not a byproduct of malfunction, but rather a direct and unavoidable result of a system operating as intended. This makes it fundamentally different from risks that can be engineered out through redesign or component substitution. It is engineered in and must be managed accordingly. [2]
What makes this hazard especially concerning is how easily it can be underestimated, particularly in environments where frequent firing makes the danger feel routine. Overpressure is not visible. There is no warning light, no distinct sound, just a force that travels faster than people can react, especially if they are standing in the wrong place at the wrong moment.
The health effects are not limited to hearing damage. If the blast wave hits at close range, it can cause internal organ damage, neurological shock and even death [3]. For these reasons, the hazard was justifiably rated Catastrophic in severity and Frequent in occurrence, a combination that demands robust and layered mitigation. It is not just the likelihood of harm but the certainty of exposure that elevates the risk and explains why this hazard warrants such focused justification [4].

Chosen Controls
Mitigation for this hazard does not rely on a single barrier but instead weaves together spatial, procedural and physical measures, aligning with JSP 482 [5] and ISO 45001 [6]:
· Blast Arc Calculations: Using data from prior trials and modelling, safe zones are clearly defined around the weapon’s muzzle and chamber. These arcs are respected with physical markers and reinforced through pre-firing briefings.
· Deflector Systems: Where feasible (particularly on fixed gun positions), physical barriers are used to redirect or diffuse pressure waves. These also offer protection against fragmentation in case of secondary hazard escalation. 
· Gun Placement SOPs: Standard operating procedures (SOPs) mandate minimum stand-off distances from walls or enclosures, reducing the risk of pressure reflection and amplification. Where multiple systems are used, staggered orientation avoids cumulative wave effects.
· Firing Coordination Protocols: Multi-gun operations follow sequenced firing orders to prevent pressure buildup.
· Pre-firing Checks and Briefings: Before any live operation, a structured briefing is conducted, verifying crew positioning, confirming clearance of arcs, and reinforcing safety expectations. 
· Personal Protective Equipment (PPE): Though not a primary control, PPE such as ear defenders and blast rated face shields are issued as a fail-safe, especially in cases where complete distances cannot be maintained.
Each of these measures has been judged not only by its technical merit but also by its operational friction and how easily it can be adopted without undermining the system’s intended use [7].

Drawing the Line: When “Safe Enough” is Also Smart
Risk reduction must always strike a balance between what is legally required, practically achievable and proportionate to the potential harm [8]. In this case, every control implemented for managing blast overpressure was chosen because it offers meaningful risk reduction without introducing excessive cost, complexity or operational burden:
	Control
	Implementation Effort
	Risk Reduction Value
	Justification

	Blast Zone Enforcement
	Low (Procedural)
	High
	No cost mitigation with high effectiveness

	Deflectors
	Moderate (Hardware)
	High
	Effective in fixed or semi-permanent locations

	Coordinated firing SOPs
	Moderate (training/Time)
	High
	Prevents compound overpressure

	PPE
	Low (Personal Issue)
	Medium
	Limited effectiveness but essential as backup



All four controls are deliberately straightforward to implement and maintain. For example, blast zones require little more than planning, communication and boundary awareness. SOPs and coordination protocols leverage existing command structures, meaning they cost time, not money. Deflectors, while requiring moderate investment, are static and durable once in place. PPE is inexpensive and issued as standard kit. The simplicity of these controls is part of their strength. They do not rely on specialist knowledge or high-tech solutions but just consistency, training and crew accountability. Because of this, they are not just effective, they are also sustainable.
What Was Left Behind: The Cost of Safety
The decision to reject a control is no less critical than the decision to adopt one. Two options were considered but ultimately discarded for being grossly disproportionate in this context:
Remote Automated Firing Systems:
· Pros:
· Eliminates personnel exposure
· Consistent, fatigue free operation
· Cons:
· Estimated cost exceeding £100,000 per system
· Reduces operator flexibility
· Requires high maintenance and integration complexity
Verdict:
Despite strong protection potential, these systems are not viable under the HSE cost-benefit principle because they exceed what's reasonable for the risk level already mitigated by simpler measures [9].

 Enclosed Concrete Firing Bunkers:
· Pros:
· Provides maximum overpressure protection
· Adds blast and fragmentation shielding
· Cons:
· Logistically infeasible for mobile systems
· Undermines tactical adaptability
· High initial cost 
Verdict:
This option was considered and discounted, particularly for field and expeditionary applications. Its benefits are not proportionate to the operational constraints and added complexity.






Keeping it ALARP
One of the most important aspects of effective safety management is understanding that ALARP is not a fixed endpoint, it is a continuous process. What has deemed reasonably practicable today might not hold up in the future, especially as operational environments, technology and cost landscapes evolve. This is why the current control strategy includes a built-in system for periodic review and adaptation.
· Annual Safety Reviews: will take place to reassess the validity of blast arcs, review firing protocols and incorporate lessons learned from real world operations or near misses. These reviews ensure that assumptions made during the original risk assessment remain valid over time.
· Operator Refresh Training: will reinforce behavioural safety. Familiarity can breed complacency, especially with frequent tasks like firing sequences. Regular requalification ensures that critical procedures do not become “background noise.”
· Technology Monitoring: helps ensure that emerging innovations, such as portable blast shields, smart PPE or pressure wave detectors are evaluated as potential future controls.
· Cost-Benefit Reanalysis: controls previously deemed too costly (e.g. remote firing systems) may become viable if technology improves or the operational context changes.
This flexible forward-looking approach ensures the system stays both safe and current, never locked in outdated thinking and always ready to evolve when necessary.
	
Conclusion
The aim of this ALARP justification was never to create a “zero-risk” system, which is neither possible nor operationally realistic. Instead, it was to show that meaningful, effective and sustainable controls have been applied to one of the system’s most serious hazards: blast overpressure.
The final control configuration reflects a carefully considered balance between human safety, system utility and available resources. Every adopted measure carries its weight. Every rejected measure has been dismissed for sound proportionate reasons.
What remains is a control strategy that can flex, evolve and adapt, a system of safety that is not just defensible on paper but dependable in the real world.
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