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	ALARP
	As Low As Reasonably Practical

	CTA
	Cased Telescoped Ammunition

	CTC
	Cased Telescoped Canon

	FCS
	Fire Control System

	FIFO
	First-In, First-Out

	HE
	High Explosive

	MTDS
	Manufacture to Target Disposal Sequence 

	NC
	Nitrocellulose

	PPE
	Personal Protection Equipment
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[bookmark: _Toc235133925]The Scenario
This Safety and Hazard report assesses the hazards associated with the manufacture, transportation, storage, handling, operation, and disposal of Cased Telescoped Ammunition (CTA). The assessment follows a standard system safety approach of identifying hazards throughout the Manufacture to Target Disposal Sequence (MTDS), by estimating the associated risk, and implementing controls to reduce risk to an acceptable and ALARP level.
CTA ammunition offers significant operational advantages through its compact design, which increases ammunition capacity on the vehicle. However, the ammunition and weapon system operate in a high-risk environment where failure mechanisms can lead to fatalities, mission failure, and equipment loss. Management of risks and control of hazards is therefore essential throughout the system's lifecycle.
The selected scenario from the group risk assessment exercise involves a Fire Control System trial that features a variety of high-explosive (HE) rounds fired from a 40CTC system mounted on the Ajax platform. The trial was to include mobile firing operations to help simulate operational hazards. As this is a controlled trial, certain risks and hazards present in operational contexts, such as not complying with the weapon system's maximum rate of fire, would not be addressed, as the procedure would not achieve an acceptable ALARP risk score.
The primary stakeholders affected include the vehicle crew and ground personnel supporting the trial. Both groups are exposed to the hazards identified in the Risk Assessment
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	Part 1: Risk Assessment Matrix 

	Risk Matrix 

	Severity
	Multiple fatalities >5
	5
	5
	10
	15
	20
	25

	
	Fatalities <5
	4
	4
	8
	12
	16
	20

	
	Severe life-threatening injuries requiring immediate hospitalisation 
	3
	3
	6
	9
	12
	15

	
	Serious non-life-threatening injuries requiring medical treatment 
	2
	2
	4
	6
	8
	10

	
	Minor injuries requiring first aid treatment 
	1
	1
	2
	3
	4
	5

	Frequency 
	1
	2
	3
	4
	5

	
	Remote
	Unlikely
	Occasional
	Likely 
	Frequent



	Assessment to evaluate the suitability of control measures. 

	Key 
	Risk = Severity x Frequency 

	 
	12 - 25 Intolerable 
	The risk is too high; the activity should cease until control measures are improved. 

	 
	5 - 10 Tolerable if ALARP 
	The level of protection from the activity is only acceptable when the risks are ALARP.

	 
	1 - 4 Broadly Acceptable 
	The level of protection for the activity is considered acceptable. 



	Frequency Rating for Risk Matrix 

	Frequency 
	Frequency Rating 
	Occurrence During Operational Life 
	Frequency P/A

	Frequent
	5
	Likely to occur a number of times a year 
	F > 10

	Likely 
	4
	Likely to occur a few times in the plant lifetime
	10 > F > 10-1

	Occasional
	3
	Could occur in the plant lifetime
	10-1 > F > 10-3

	Unlikely
	2
	Unlikely to occur
	10-3 > F > 10-5 

	Remote
	1
	Highly unlikely, but may exceptionally occur 
	10-5 > F > 10-7
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Risk Assessment

	Identified Hazard
	Persons at Risk
	Effects
	Severity
	Probability
	Existing Risk Level
	Additional Controls
	Severity
	Probability
	Final Risk Level

	1. Fire and explosion

	Heat-induced Risks

	· Heat, deflagration, detonation
	Those in contact with the barrel/case
Munition
People around the vehicle
	In-bore detonation due to excess heat
	5
	2
	10
	Monitor barrel temperature with thermal sensors.
Enforce a maximum rounds per minute limit and minimum cool-off periods. Inspect the barrel after firing sequences and cease firing if the temperature limit is exceeded
	5
	1
	5

	· 
	Those in contact with the barrel/case
	Contact with the metal case / hot barrel causes burns
	2
	4
	8
	Wear heat-resistant gloves, and add warning signage
Used insulated barrel covers where practical
Establish and enforce a cooling time before handling. Improved crew training to increase competency
	2
	2
	4

	· 
	Uncomfortable working condition
	Heat buildup from continuous firing gradually increases the cabin temperature. Introduces fatigue to crew members
	2
	4
	8
	Ventilation or air-conditioning where available; crew rotation; hydration breaks; monitor cabin temperature; limit continuous firing duration.
	2
	2
	4

	Physical Hazards

	
Falling objects
	Those surrounding vehicle
	The cart case ejection is impacting personnel surrounding the vehicle

	2
	4
	8
	Establish an exclusion zone around the ejection port; brief all range personnel; mark the danger area; ensure all non-essential personnel remain clear during firing.
	2
	2
	4

	
	Those surrounding vehicle
	Rounds dropped during the loading of the tank.  Impacting that below or causing a shock to detonation
	4
	2
	8
	Two-person loading procedure; loading training; use lifting aids where appropriate; inspect ammunition before loading; maintain clear footing.
	4
	1
	4

	
	Personnel on top of the vehicle
	People falling off a vehicle sustaining injuries to the head (2.7m fall)
	3
	3
	9
	Use three-point contact; anti-slip surfaces; fall restraint where appropriate; avoid climbing during poor weather/light; access steps maintained.
	3
	2
	6

	

	Munition storage and quality

	Munition quality
	

	Munition storage
	
	Poor munition quality from the manufacturer, meaning munitions containing large voids within HE
Munition causes the barrel to detonate upon firing
	5
	2
	10
	Accept ammunition only with a valid quality certification; pre-fire inspection; quarantine damaged rounds; report defects immediately.
	5
	1
	5

	Munition storage

	
	Degradation of munition due to poor storage (NC prop)
Inadvertent misfire occurs (round initiates prematurely, causing harm to surrounding personnel.  (goes off in the magazine, during handling or prior to the range being clear)
	5
	2
	10
	Store within specified temperature/humidity limits; inspect storage regularly; rotate stock (FIFO); monitor shelf life; maintain explosive store standards.
	5
	1
	5

	· 
	
	Diurnal cycling of fill causing in bore detonation
	5
	2
	10
	Store ammunition in temperature-controlled conditions; minimise prolonged sun exposure; verify ammunition temperature before firing.
	5
	1
	5

	· Chemical
	
	Shock and impact from vehicle and handling, causing cracking of HE fills, leading to adiabatic heating on firing, leading to in-bore explosion
	5
	2
	10
	Minimise unnecessary handling; transport using approved packaging; inspect after transport; remove dropped or impacted rounds from service.
	5
	1
	5

	Toxicity
	

	· 
	Tank crew and people within the immediate vicinity
	Inhale hot toxic after firing, leading to burning lungs and toxic effects, potentially including cancer
	3
	3
	9
	Operate NBC/ventilation system; allow gases to clear before opening hatches; respiratory protection if required; monitor air quality where applicable.
	3
	2
	6

	· 
	Tank crew/ range staff
	Inhale/absorb/ingest when cleaning, causing toxic effects to personnel
	3
	4
	12
	Wear appropriate PPE (gloves, eye protection); use approved cleaning methods; wash hands after handling; dispose of contaminated materials correctly.
	3
	2
	6

	· 
	People within the surrounding area
	Environmental pollution – ends up in the water supply, leading to toxic effects
	3
	3
	9
	Collect contaminated waste; prevent run-off into drains; spill kits available; follow environmental management procedures.
	3
	2
	6

	· Vibration/Noise
	People within the immediate vicinity
	Reignition of propellant gases after exiting the barrel, causing burns
	3
	2
	6
	Maintain safe stand-off distances; prohibit personnel near the muzzle after firing; inspect the muzzle brake; ensure ammunition is within specification.
	3
	1
	3

	Vibration
	

	Vibration

	
	Heavy vibration is causing physical deformation of the CTA shell, resulting in no obturation and hang fire.  Next shell is fired into hang fire, causing barrel detonation.
	5
	3
	15
	Routine inspection of mounting and recoil system; inspect ammunition after transport; suspend firing if abnormal vibration is detected.
	5
	2
	10

	· 
	
	Excess vibration leading to damaged electrical wires that can result in shock/electrocution.
	3
	3
	9
	Scheduled inspection of wiring; secure cable routing; replace damaged looms immediately; pre- and post-trial electrical checks.
	3
	2
	6

	· 
	
	Vibration is damaging exhaust seals, leading to monoxide buildup in the cabin.
	2
	4
	8
	Inspect the exhaust system before firing; install/calibrate carbon monoxide detectors; monitor the cabin atmosphere; evacuate if an alarm activates.
	2
	2
	4

	Noise
	
	Noise – hearing loss
Extreme noise from both normal and abnormal operation, leading to hearing loss
	4
	3
	3
	Mandatory double hearing protection (earplugs plus ear defenders/headset); hearing conservation programme; minimise personnel exposure time; audiometric testing.
	4
	1
	4






[bookmark: _Toc235133927]ALARP Justification
[bookmark: _Toc235133928]Heavy Vibration Causing Physical Deformation of CTA Shell Resulting in Hang Fire and Subsequent Barrel Detonation
This ALARP (As Low As Reasonably Practicable) justification considers the hazard of heavy vibration during transportation, handling, or firing operations, causing physical deformation of a CTA (Cased Telescoped Ammunition) shell. The deformation may prevent proper obturation in the weapon chamber, leading to a hang-fire condition. If the hang fire is not identified and managed appropriately, the subsequent round may be fired into an obstructed barrel, potentially causing catastrophic barrel detonation.
Within the Assessment, this hazard was assigned:
· Severity: 5
· Probability: 3
· Initial Risk Rating: 15
The credible consequences include catastrophic weapon failure, fatal injury to crew members, significant damage to military equipment, loss of operational capability, and secondary hazards from fragmentation and blast effects. Following the implementation of additional control measures, the risk was reduced to:
· Severity: 5
· Probability: 2
· Residual Risk Rating: 10
This ALARP justification demonstrates why the residual risk has been reduced to an ALARP position through the implementation of suitable engineering, procedural and administrative controls. The justification has been conducted in accordance with the principles established within the Health and Safety at Work etc. Act 1974, JSP 520 and Defence Standard 00-056. [1] [2] [3]
[bookmark: _Toc235133929]Hazard description
CTA ammunition relies on precise tolerances to achieve effective chamber sealing via an obturation ‘band’ during firing. Excessive vibration generated during transportation, vehicle movement, handling, and weapon operation may cause deformation of the ammunition casing or projectile assembly.
A deformed round may fail to sit correctly within the chamber, in turn resulting in:
· Incomplete obturation.
· Reduced pressure containment.
· Delayed ignition (hang fire).
· Misfire.
· Chamber obstruction.
The most severe risk occurs when the hang fire is not detected, and another round is loaded and fired. As the second round impacts the obstructed barrel or chamber, it can create pressures significantly beyond the barrel's design limits, causing detonation and rupture of the barrel.
The hazard pathway can therefore be represented as:
Heavy vibration → Ammunition deformation → Failed obturation → Hang fire → Subsequent round fired → Barrel detonation → Fatalities and equipment loss


[bookmark: _Toc235133930]Relevant Legislation and Standards
The management of this hazard must comply with relevant UK health and safety and defence legislation.
Health and Safety at Work etc. Act 1974 [1]
The Act requires employers to ensure, so far as is reasonably practicable, the health, safety and welfare of employees and others affected by their activities.
Management of Health and Safety at Work Regulations 1999 [4]
These regulations require suitable and sufficient risk assessments and implementation of effective control measures to reduce risks. 
Explosives Regulations 2014 (ER2014) [5]
Provides requirements for the manufacture, storage, transfer, acquisition, and disposal of explosives. It includes provisions for fire and explosion prevention, separation distances, storage licensing and disposal arrangements.
· Dangerous Substances and Explosive Atmospheres Regulations 2002 (DSEAR)
· Control of Major Accident Hazards Regulations 2015 (COMAH)
· Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 2013 (RIDDOR)
Defence and International Standards
Defence Standard (Def Stan) 00-056 – Safety Management Requirements for Defence Systems [3]
One of the most referenced standards in defence safety cases. It provides requirements for:
· Hazard identification
· Risk assessment
· ALARP demonstration
· Safety case development
· Through-life safety management
Def Stan 00-055 (Legacy Reference)
Although largely superseded, some literature still references it in relation to the safety management of defence systems.
STANAGs (NATO Standardisation Agreements)
Particularly relevant if discussing ammunition transport, storage and interoperability.
Examples include:
· STANAG 4439 (Insensitive Munitions)
· STANAG 4440 (Ammunition Safety Information Analysis)
· STANAG 4297 (Explosive Classification)
Defence equipment programmes must demonstrate that risks are reduced to ALARP through systematic safety assessment and evidence-based decision-making.
Joint Service Publications
The Ministry of Defence (MOD) publishes a variety of Joint Service Publications (JSPs) that serve as guidelines and standards for military operations, logistics, and personnel management. These regulations are designed to ensure the effective and safe conduct of military activities. [2].
· JSP 454 – Land Systems Safety and Environmental Protection
· JSP 520 – Ordnance, Munitions and Explosives Safety Regulations
· JSP 815 – Defence Health, Safety and Environmental Protection
· JSP 375 – MOD Health and Safety Handbook
· JSP 482 – MOD Explosives Regulations
HSE ALARP Principles
HSE Guidance on ALARP
The HSE provides guidance on demonstrating that risks have been reduced to As Low As Reasonably Practicable, which is directly relevant to your Part 2 ALARP justification. [6]
ISO 31000 – Risk Management
Provides internationally recognised principles for identification, analysis and treatment of risks.
IEC 31010 – Risk Assessment Techniques
Contains recognised methods such as:
· HAZID
· FMEA
· Fault Tree Analysis
· Event Tree Analysis
The Health and Safety Executive states that risk-reduction measures should be implemented unless the sacrifice involved is grossly disproportionate to the safety benefit.
These legislative and regulatory standards establish the foundation for selecting appropriate risk controls and for justifying ALARP. The management of risks associated with CTA ammunition is conducted in accordance with the Health and Safety at Work etc. Act 1974, the Management of Health and Safety at Work Regulations 1999, the Explosives Regulations 2014, and, where applicable, DSEAR and COMAH requirements. Defence-specific safety management is governed through JSP 520, JSP 375, JSP 482, and JSP 815. The risk assessment methodology aligns with Defence Standard 00-056 and adheres to recognised risk management principles outlined in ISO 31000 and IEC 31010. Collectively, these regulations and standards ensure that hazards related to the manufacture, transport, storage, operation, and disposal of explosives are reduced to an ALARP level. [1] [2] [3] [4] [5] [6]



[bookmark: _Toc235133931]Selection of Control Measures 
The risk assessment identified three principal controls:
[bookmark: _Toc235133932]Routine Inspection of Weapon Mounting and Recoil Systems
Heavy vibration can originate from degraded recoil systems, worn mountings, damaged suspension systems, or loose interfaces between the weapon and platform.
Routine inspection ensures:
· Loose components are identified.
· Excessive vibration sources are eliminated.
· Recoil systems remain within design parameters.
· Progressive degradation is detected before failure.
This control follows established military and industrial maintenance best practices and can be integrated into existing maintenance regimes at minimal cost.
[bookmark: _Toc235133933]Inspection of Ammunition Following Transportation
Transportation is one of the most credible causes of vibration-induced ammunition damage.
Inspection following transportation allows:
· Detection of casing deformation.
· Identification of damaged packaging.
· Removal of suspect rounds before loading.
· Verification of ammunition integrity.
This control aligns with established ammunition management procedures and provides a direct barrier between vibration damage and operational use.
[bookmark: _Toc235133934]Suspension of Firing if Abnormal Vibration is Detected
Operators often detect unusual vibration before catastrophic failure occurs.
Stopping firing immediately when abnormal vibration is observed provides:
· Prevention of further ammunition damage.
· Opportunity for investigation.
· Prevention of escalation towards hang fire conditions.
· Protection against weapon system failures.
This control is highly effective because it relies primarily on procedural compliance and operator training rather than major technical modifications.



[bookmark: _Toc235133935]Justification of Selected Controls
The selected controls were chosen because they satisfy the hierarchy of risk reduction while remaining proportionate to the level of risk. The effectiveness of the controls directly targets the primary causes of the hazard. When excessive weapon vibration occurs, inspect the weapon system's mounting and recoil. Any vibration damage during transport would require inspecting the ammunition. If any escalation occurs during the operation, firing should be suspended. Together, these controls establish multiple independent barriers. [6]. They can be implemented immediately using existing personnel and procedures, without requiring major redesign or significant changes to operational capabilities. The implementation costs are relatively low and include additional inspection time, operator training, and maintenance scheduling. Compared with the potential consequences of fatalities and the destruction of the high-value military asset, these costs are clearly justified. The controls enhance existing defence safety management systems rather than introducing entirely new processes, therefore improving compliance and sustainability.


[bookmark: _Toc235133936]Consideration of Industry Good Practice
Military and high-reliability industries, including aerospace, nuclear, and rail sectors, commonly implement layered safety controls. Several principles guide the selection of controls, notably Defence-in-Depth, which demonstrates that no single control should be relied upon to prevent accident sequences. [3]. Instead, equipment inspection mitigates vibration generation, ammunition inspection prevents damaged rounds from entering service, operational procedures avert escalation, and Condition-Based Maintenance are all essential components in justifying the ALARP standard. Many contemporary engineering practices favour maintenance based on the actual condition of equipment rather than waiting for failure. Routine inspections support this approach by identifying degradation before it becomes hazardous. To help the integration of Human Factors into military operations, where incidents often involve both human and technical failures, suspending firing procedures provides operators with a clear window for decision-making when abnormal conditions arise, such as heavy vibration.


[bookmark: _Toc235133937]New and Emerging Technologies Considered
Several additional technologies were reviewed during the ALARP assessment.
[bookmark: _Toc235133938]Vibration Monitoring Sensors
Accelerometers could be permanently installed on weapon mountings to measure vibration levels continuously. This new technology would help with the early detection of abnormal conditions, Real-time monitoring, and Data logging for trend analysis. Some Disadvantages would be the Additional procurement costs, Sensor calibration requirements, and Increased maintenance burden. Although potentially beneficial, the current inspection regimes are considered adequate for controlling the identified risk. Therefore, this technology was not selected at this stage.
[bookmark: _Toc235133939]Predictive Maintenance Analytics
Advanced monitoring systems could analyse vibration trends and predict component degradation before excessive vibration develops. Some Advantages would be improved maintenance planning, reduced failures, and Enhanced asset management. On the other hand, Significant software development, Data infrastructure requirements, and Specialist technical support would be required. This option remains a potential future improvement, but it is currently disproportionate to the risk reduction achieved.


[bookmark: _Toc235133940]Controls Considered but Rejected as Grossly Disproportionate
ALARP assessment requires consideration of measures that were not implemented.
Complete Weapon System Redesign
A redesign of the mounting architecture and recoil system could theoretically eliminate almost all vibration transmission, yielding significant vibration reduction. However, the cost of a multi-million-pound development, with extensive testing and qualification, would cause operational disruption and further delay implementation timelines. Given the residual risk level, the redesign is not justified for such expenditure. The cost and effort are grossly disproportionate to the additional risk reduction achieved. Given the rarity of the initiating event and the effectiveness of visual inspections, this option was judged grossly disproportionate.


[bookmark: _Toc235133941]Cost-Benefit Considerations 
The HSE ALARP principle requires implementing controls when the cost is not grossly disproportionate to the safety benefit. The selected controls were minimal capital expenditure, utilisation of existing maintenance infrastructure, and no significant reduction in operational availability.
In contrast, the rejected controls would consume substantial resources while delivering only incremental reductions beyond those already achieved through inspection and operational controls. Therefore, further expenditure beyond the adopted controls cannot currently be justified as reasonably practicable.


[bookmark: _Toc235133942]Residual Risk Assessment 
After implementation of the selected controls:
Risk Factor	Before Controls	After Controls
Severity	5	5
Probability	3	2
Risk Rating	15	10
Severity remains unchanged because a barrel detonation would still have catastrophic consequences. However, the probability is reduced from possible to unlikely because the sources of vibration are monitored, damaged ammunition is more likely to be detected, and abnormal weapon behaviour results in the immediate cessation of firing.
The reduction from 15 to 10 demonstrates a significant lowering of risk while maintaining proportionate expenditure.


[bookmark: _Toc235133943]Maintaining ALARP in the Future
ALARP is not a permanent status and must be reviewed throughout the system lifecycle.
The following measures will ensure continued compliance:
Periodic Review of Incident Data
· Analyse vibration-related defects.
· Monitor hang fire occurrences.
· Review ammunition damage trends.
Audit of Inspection Regimes
· Verify maintenance compliance.
· Review inspection effectiveness.
· Identify recurring defects.
Training Refreshers
· Reinforce recognition of abnormal vibration.
· Review hang fire procedures.
· Maintain operator competence.
Technology Monitoring
Previously rejected controls should be reassessed periodically, particularly the wireless vibration sensors and predictive maintenance software. As technology matures and costs reduce, controls previously considered grossly disproportionate may become reasonably practicable.



[bookmark: _Toc235133944]Conclusion 
This safety and hazard assessment identified major hazards throughout the CTA ammunition lifecycle, from manufacturing to disposal. The most critical risk involves excessive vibration, which can cause ammunition deformation, failed obturation, hang fire, and potential barrel detonation. Suitable engineering, procedural, and operational controls have been identified to mitigate these risks while maintaining operational effectiveness. Applying these controls reduces all risks to an acceptable and ALARP level. Ongoing compliance with Defence Standards, JSP 520, routine maintenance, ammunition inspections, and operator training is vital for safe operation throughout the system's lifecycle. [2] [3]. The risk of heavy vibration causing deformation, which could lead to failed obturation, hang fire, and possible barrel detonation, was initially rated at 15. After implementing routine mounting and recoil inspections, post-transport ammunition checks, and immediate suspension of firing upon detecting abnormal vibrations, the likelihood of such events has decreased, lowering the residual risk to 10. These controls follow established defence practices, meet legal and safety standards, and effectively reduce risks at a proportionate cost. Additional measures, such as weapon redesign, advanced scanning, and smart ammunition technologies, were considered but rejected due to their high costs and implementation challenges relative to the safety benefits. Thus, the remaining residual risk remains ALARP and acceptable, provided the controls are maintained, reviewed regularly, and supplemented by future technological innovations where feasible. [6]
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