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[bookmark: _Toc203740386]ALARP Justification
115mm Large Calibre Gun – H4 Physical impact with weapon system
[bookmark: _Toc203740387]Introduction
This document is written to detail the mitigations and justifications which warrant the risks being classified as As Low As Reasonably Practicable for hazard H4 – Physical impact with the weapon system for a 115mm large calibre gun.
The scope of the ALARP justification covers the risk to people coming to harm from contact with the weapon system at any stage of the systems life. The hazard is significant due to the mass and momentum, as well as the likelihood of sharp or protruding edges causing harm to personnel during handling, transportation, training, firing and maintenance.
[bookmark: _Toc203740388]System/ Activity Description 
The risk of physical impact predominately sits within the Demonstration, Manufacture, In-service, and Disposal sections of the CADMID cycle, although mitigations have been considered throughout the full cycle including Concept and Assessment. Activities highlighted as particularly high risk include the firing and targeting of the weapon system due to its movement. The transporting of the weapon system and its components. 
[1] During 2022, more than a quarter (27.4%) of fatal accidents at work in the EU resulted from losing control of a machine, tool or transport/handling equipment.
[bookmark: _Toc203740389]Risk Assessment Summary
The hazard ID given for Physical impact with the weapon system is recorded as H4. The outcomes identified were personnel injury – such as crushing, fractures, cuts and bruises, or blunt force trauma. Several causes were identified which could increase the likelihood of personnel injury. They include the lack of or incorrect use of PPE, the lack of or failure to follow procedures, proximity to the weapon system whilst in use (especially whilst the weapon system is moving), slips, trips and falls, sharp or proceeding parts of the weapon system, improper use of the weapon system, the incorrect storage of the weapon system and its components, or the system or its components being incorrectly loaded during transportation. The initial risk estimate has been calculated as Risk Level A, based on the likelihood of an accident happening being frequent and the severity moderate.
The likelihood, severity and risk rating has been calculated using the definitions from [2] DSA03. OME Part 1.
[bookmark: _Toc203740390]Risk Reduction Measures
Many risk reduction measures have been identified which could reduce the likelihood of an accident. They have been listed below with justification of what makes them suitable to reduce the risk of the hazard to an ALARP state.
Training is a fundamental control measure mandated for any hazardous MoD activities. Sufficient training should be completed by any personnel before using the weapon system. [3] JSP 822 Defence System Approach to Training (DSAT) should be followed when writing this training to ensure it is standardised. Personnel will be trained in safe weapon handling, the operating procedures, weapon danger areas and hazard awareness.
Training is low cost and highly efficient at reducing human errors, which is a primary contributor to this hazard.
PPE must be provided and its use enforced. The [2] PPE at work regulations 2022 requires employers to provide suitable PPE free of charge to workers if a risk assessment indicates its necessary. It is recommended that ballistic helmets, hearing protection, temperature protection gloves, body armour and boots are worn.
The use of PPE will reduce the severity of any incidents that happen.
Manual handling protocols and mechanical aids such as cranes or lifting platforms should be used to prevent musculoskeletal injuries whilst performing lifts. [3] LOLER (Lifting Operations and Lifting Equipment Regulations) must be followed and failure to do so could lead to fines or legal action. [6] JSP 975 provides further guidance on safe lifting, including principles of safe lifting, use of mechanical aids and more.
LOLER is a regulation which must be followed. Safe lifting procedures will significantly reduce the risk of health issues and are considered best working practice.
Regular maintenance should be conducted to ensure that the weapon system works as expected and is predictable. Components should be checked to ensure they are still secure and haven’t worked themselves loose through repetitive firing. Moving parts like gears should be regularly serviced to ensure movement is free. Any locking mechanisms should be checked before use to prevent trapping. [4] PUWER regulation must be followed to ensure the safe use of work equipment.
Standard operating procedures should be written and followed to enforce safe behaviours around the weapon system. The operating procedures should include exclusion zones and weapon danger areas, keeping unnecessary personnel a safe distance from the weapon system in use. Checklists of required important tasks to ensure steps aren’t missed and records are kept. Protocols ensuring personnel know what is expected of them in different situations.
Operating procedures are a cost-effective way of ensuring consistency and compliance, reducing variability of personnel behaviour.
Warning notices should be placed around moving parts and hazard components warning personnel of the risks involved. This may be near moving parts, protrusions and sharp edges.
They are a cheap, passive control with long term benefits of raising hazard awareness and avoidance.
Working areas should be kept clean and clear to avoid slip, trips and falls. Housekeeping should be conducted regularly as well as inspections and the documentation proving so. Tools and equipment should be tidied away immediately after use, parts should be kept in organised storage, and anything dropped should be immediately removed from the floor. It is especially important that no foreign objects enter the weapon system.
Good housekeeping is a preventative measure of minimal cost, other that of training to ensure good behaviours are learnt and used. It’s also a part of MoD safety management systems.
Quality assurance should be maintained to ensure that the weapon system is manufactured to a high standard. This will reduce the risk of unexpected failure or movement of the weapon system, or sharp edges which could endanger personnel. The weapon system should comply with the design specifications as to ensure that its behaviour is expected/ predictable. Environmental concerns should also be considered. Where possible, materials which are harmful to the environment should be replaced as per [8] ISO 14001. Checks should be done during the manufacturing phase, upon delivery and before use to ensure the equipment is in good working condition.
Quality assurance should have little additional cost or time expenditure but should significantly reduce errors which could lead to harm.
[bookmark: _Toc203740391]ALARP Demonstration
Using the HSE’s [9] principle of gross disproportion, the above controls have been chosen due to their costs (in terms of time, money and effort), being proportionate to the severity of harm which doing so would prevent. Some of the controls are required due to compliance with regulations, whilst others are recommended and may be accompanied by guidance. Stakeholders should be engaged throughout the process to ensure that decisions which are made reflect how the weapon is used in real world situations. Further controls were considered but have been ruled out for the reasons below.
Remote firing could be used to keep all personnel a safe distance away from the weapon system during firing procedures. The majority of movement would happen during this phase and remote firing would dramatically reduce the risk of people coming into ham from contact with the weapon system. However, a cost benefit analysis was conducted to assess the value added of remote firing. The cost of the integration was estimated to be £500,000 per weapon system. Based injury records this may prevent approximately one minor injury every year, worth around £10,000 in costs per incident. This equates to an expected payback period of 50 years, which is disproportionate considering the short lifespan of the weapon system. Therefore, unfortunately it has been decided that the benefit of remote firing is not proportionately worth the costs of doing so.
Change to use of materials within the weapon system has been considered. Lighter less dense materials which we’re less conductive to thermal environments would offer significant protection to the users of the equipment. Unfortunately, there isn’t currently materials available which would be able to sustain the repetitive use of firing whilst providing the material benefits previously listed. Therefore, it is suggested that whilst this isn’t a present a control option, it should be monitored going forward for if these types of material do become available.
Automatic isolation zones could be used to ensure that the weapon system could not be used if someone unintended enters the weapon danger zone. This would dramatically reduce the risk of human error. However, operational logistics would make this unlikely to for anything other than training and there are alternative cheaper solutions.
For the reasons mentioned these controls are deemed unnecessary, however the ALARP status should actively monitored over time, as future improvements may allow additional controls, such as the ones mentioned, to be included later.
[bookmark: _Toc203740392]Conclusion and recommendations
The hazard of physical impact with the weapon system of a 115mm large calibre weapon system is inherent, due to the size and function and the necessity of operators and maintainers to be within the vicinity. However, by implementing the control measures mentioned in section 1.4 of this document – training, PPE, manual handling protocols, maintenance, operating procedures, warning notices and good housekeeping, the risk level can be reduced from High (A) to Tolerable (C) in line with [2] DSA03. OME Part 1. The controls listed are consistent with best practice, legislation and NATO/ Defence standards. 
Additional controls were considered in section 1.5 of this document; however, they have been rejected based on gross disproportion relative to the risk level. The ALARP status however should be reviewed and adapted on an ongoing basis. As new technology and cost-effective solutions are development the requirement for different controls may change.
Using the additional controls the risk level is currently ALARP, and this status is justified and sustainable, ensuring operational safe use of the weapon system in controlled environments.
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Table 1 - Hazard Assessment
	Haz ID
	Task / System Description
	Hazard Description
	Accident
	Cause
	Pre-control Risk Estimate
	Controls and Mitigations
	Post-control Risk Estimate

	H1
	Operation of weapon system or handling / storing ammunition
	Unintended Initiation
	Personnel injury or fatality
	Mechanical fault, human error, exposure to environmental effects
	L = F
S = Ca

R = A
	Training, maintenance, use of training rounds, proper use of weapon danger areas, safety mechanisms, safe handling procedures 
	L = R
S = Ca

R = B

	H2
	Handling of ammunition, cleaning weapon system, firing weapon system
	Exposure to harmful substances
	Inhalation, ingestion or skin absorption of toxic substances

	Weather conditions, Normal operation of weapon, incorrect PPE, user error, maintenance, incomplete propellant combustion, use of strong solvents when cleaning, poor ventilation
	L = F
S = Cr

R = A
	Training, PPE, ventilation, use of less toxic substances wherever possible (REACH)
	L = Im
S = M

R = D

	H3
	Firing weapon system
	Noise exposure
	Hearing damage
	Extreme and repeated noise levels, incorrect PPE, personnel within WDA

	L = F
S = Cr

R = A
	Training, PPE, Exclusion zones, Health Checks
	L = R
S = Cr

R = C

	H4
	Operation / movement of weapon system
	Physical impact with weapon system
	Personnel injury
	Personnel within weapon danger area, incorrect use of PPE, failure to follow procedure, movement of weapon system, slips trips and falls, incorrect use of weapon, sharp edges, protruding parts, incorrect loading/ storage of weapon system
	L = F
S = M

R = A
	Training, PPE, lifting techniques, maintenance, operating procedures, health checks, warning notices, housekeeping
	L = R
S = M

R = C 

	H5
	Firing weapon system
	Misfire
	Personnel injury/ fatality, Weapon / capability damage
	Faulty ammunition, incorrect loading, incorrect storage, weapon system fault, incorrect maintenance, incorrect charge, incorrectly primed
	L = P
S = Ca

R = A
	Manufacturing checks, batch acceptance testing, firing procedures, training
	L = R
S = Ca

R = B

	H6
	Operating weapon system, deployment to extreme environments
	Exposure to extreme temperatures
	Injury to personnel due to hot/cold temperatures
	Weather conditions, General use of weapon, inadequate training, not observing standard operating procedures
	L = F
S = M

R = A
	Training, PPE, operating procedures, design considerations
	L = Im
S = M

R = D

	H7
	Weapon operation and maintenance
	Mechanical failure / breech malfunction
	Fatality or Injury due to incorrect function of weapon system
	Poor maintenance, worn parts, improper assembly, foreign object damage, ammunition compatibility issues, improper operating procedures, non-adherence to operating procedures, human error, manufacturing defects or design flaws.
	L = F
S = Ca

R = A
	Maintenance, pre-usage inspections, operating procedures, design standards
	L = R
S = Ca

R = B

	H8
	Firing weapon system
	Overpressure
	Fatality or injury from exposure to dangerous levels of air pressure
	Confined spaces, incorrect gun positioning, personnel in unsafe zones, failure to use blast shields / deflectors, multiple simultaneous firings, weapon degradation, environmental factors
	L = F
S = Ca

R = A
	Maintenance, pre-use inspections, manufacturing checks, operating procedures 
	L = R
S = Ca

R = B

	H9
	Firing weapon system
	Exposure to fragments
	Injury or fatality from flying fragments
	Fragmentation of munition or target, ammunition defects, incorrect charge use
	L = F
S = Ca

R = A
	PPE, weapon danger areas, manufacturing inspections, range procedures
	L = R
S = Ca

R = B

	H10
	Disposal of ammunition
	Improper disposal or ammunition or weapon system
	Environmental damage, unexpected initiation of ammunition
	Incorrect or missing labelling, incorrect disposal controls
	L = O
S = Ca

R = A
	Disposal procedures, PPE, training, documentation and labelling
	L = R
S = M

R = C

	H11
	Transportation of ammunition and weapon system
	Damage caused by handling and transporting weapon system
	Injury to personnel or damage to equipment
	Incorrect warning labels, incorrect handling, failure to follow loading procedures
	L = P
S = Cr

R = A
	Training, hazard warning labels, safety procedures
	L = Im
S = Cr

R = C


	
	L = Likelihood
	F =
	Frequent
	S = Severity
	Ca =
	Catastrophic
	R = Risk Class

	
	P =
	Probable
	
	Cr =
	Critical
	(Definitions in Appendix B Figure 1.4)

	
	O =
	Occasional
	
	M =
	Marginal
	

	
	R =
	Remote
	
	N =
	Negligible
	

	
	Im =
	Improbable
	
	
	
	

	
	In =
	Incredible
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