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[bookmark: _Toc234999877]Abstract 
This documentation contains a two-part review of hazards and risks associated with a fire control system calibration trial involving the CT40 and Ajax armoured vehicle. The primary section contains a tabular risk assessment reviewing five different areas of risk each investigated with associated hazards. From that, the secondary section focuses on an ALARP justification of ammunition storage and the associated environmental cycle the product is exposed to. This report concludes to further recommendations and acknowledgement of current standard practice. 
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[bookmark: _Toc234999878]List of Abbreviations
	ALARP
	As Low As Reasonably Practicable

	GDC
	Grossly Disproportionate Cost

	CBA
	Cost Benefit Analysis 

	VPF
	Value of Prevented Fatality 

	SOP 
	Safe Operating Procedure 

	PPE
	Personal Protective Equipment 

	PAT 
	Portable Appliance Testing

	HE
	High Explosive 

	FCS
	Firearm Safety Certificates

	BAT 
	Best Available Technique 

	SFAIRP
	So Far As Is Reasonably Practicable 
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	Reference Number:  123456

	PART 1: Description

	Site: N/A
	Work Area: N/A
	Bldg. No: 123456

	Assessor’s Name(s): Eryn Legg
	Review Date: 12/07/2028
	Change No: N/A

	Description of Task/Process: Fire Control System calibration trial – Varied firing of HE rounds from CT40 cannon mounted to Ajax platform to calibrate FCS. The assessment reviews product life stage from storage of HE rounds pre firing stroage to post firing safety protocol. This risk assessment has been quantified via 5x5 matrix determined by severity and likelihood accordance with JSB 482 and The Explosives Regulations 2014 [5][6] guidance.
Mobile firing to be included.


	Sign Off

	When all additional controls are in place, the risk levels will be as low as is reasonably practicable.

	Assessor’s Signature: Kieran Howells, Eryn Legg, Elias James, Rory Bowen, Bethan Davies-Jones
	Date: 17/06/2026

	Manufacturing Manager’s Signature (or equivalent): Tony Stark
	Date: 17/06/2026



	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 barrel/case

Munition

People around vehicle
	In-bore detonation due to excess heat

	5
	2
	10
	Cool down protocol to be followed as documented in the SOP for the CT40 Barral, in which time breaks are given to allow for natural cool down, to allow sufficient cool down between firings. 

When acceding expected use of barrel, additional material coatings can be utilised to manage heat absorption. 
	5
	1
	5

	· 
	Those in contact with barrel/case

	Contact with metal case / hot barrel causing burns
	2
	4
	8
	Cool down protocol to be followed as documented in the SOP for the CT40 Barral, in which time breaks are given to allow for natural cool down, additional heat protective PPE required for personal safety (Heat resistant gloves, protective Nomex suit, ect)
	2
	2
	4

	· 
	Uncomfortable working condition
	Heat build-up from continuous firing slowly increases cabin temperature.  Introduces fatigue to crew members
	1
	4
	4
	Scheduling and resource consideration to ensure regular quality hydration accessibility for operators.  Cool down protocol, in which time breaks are given to allow for natural cool down, to be followed to reduce heat exposure. 
	1
	3
	3

	Physical Hazards
	

	
Falling objects
	Those surrounding vehicle
	Cart case ejection impacting operators  surrounding vehicle

	2
	4
	8
	Personal Protective Equipment utilisation to reduce impact and exposure to both sharp and blunt objects. This includes protective head gear, high coverage clothing and re-enforced shoes.
	1
	4
	4

	
	Those surrounding vehicle
	Rounds dropped during the loading of the tank.  Impacting that bellow or causing shock to detonation
	4
	2
	8
	Personal Protective Equipment utilisation to reduce impact and exposure to both sharp and blunt objects. This includes protective head gear, high coverage clothing and re-enforced shoes. Additional, Packaging and storing of reactive materials should remain undamaged, if damage occurs, follow safe disposal procedure as detained in relevant SOP for that munition. 
	2
	2
	4

	
	Personal on top of vehicle
	People falling off vehicle sustaining injuries to head (2.7m fall)
	3
	3
	9
	Personal Protective Equipment utilisation to reduce impact and exposure to both sharp and blunt objects found on the ground to reduce sustained injuries. This includes protective head gear and high coverage clothing. If occurred, personnel should be immediately treated by designated Health and Safety Operator, following procedure for head and neck injuries, further medical attention may be required at Health and Safety Operators discretion . 
	2
	2
	4

	
	
	
	
	
	
	
	
	
	

	Munition storage and quality
	

	Munition quality
	
	Poor munition quality from manufacturer meaning munitions contains large voids withing HE
Munition causes barrel to detonate upon firing
	5
	2
	10
	Regular inspection of munitions including visual for external damage, weight consistency and suspicions features, such as unexplained noise or unsecured components, which may indicate damage or misconstruction. 
	5
	1
	5

	Munition storage
	W33bv  
	Degradation of munition due to poor storage (NC prop)
Inadvertent miss fire occurs (round initiates prematurely causing harm to surround personnel.  (goes off in magazine or during handling or prior to range being clear)
	5
	2
	10
	Regular monitoring of storage conditions, documented and acted upon as soon as potential issues are known. Visual and Audible inspections of product for external damage and degradation, rattling sounds suggest lose or broken internal components. 
	5
	1
	5

	
	
	Diurnal cycling of fill causing in bore detonation
	5
	2
	10
	Regular electronic monitoring of temperature, humidity and movement of products. If degradation  does occur, elimination and disposal procedure to be followed according to specific munition SOP. 
	5
	1
	5

	
	
	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
	Packaging requirements to assume minimal damage caused by external shockwaves, travelling procedure to reduce munition volatility such as separation until use of components. 
	5
	1
	5

	Chemical
	

	Toxicity
	Tank crew and people within immediate vicinity
	Inhale hot toxic after firing leading to burning lungs and toxics effects potentially including cancer
	3
	3
	9
	Regular health chuck ups looking for early symptoms of respiratory  damage and carcinogenic damage to reduce lethality. Reduction of exposure includes proper use of PPE of a breathing mask with high quality filtration system, protective clothing and gloves to reduce skin exposure and absorption.
	3
	2
	6

	
	Tank crew/ range staff
	Inhale/absorb/ingest when cleaning causing toxic effects to personnel

	2
	3
	6
	Adhering to predetermined instructions of use of the chemical cleaning products to reduce misuse.  Reduction of exposure includes proper use of PPE of a breathing mask with high quality filtration system, protective clothing and gloves to reduce skin exposure and absorption.
	2
	1
	2

	
	People within surrounding area
	Environmental pollution – ends up in water supply leading to toxic effects
	3
	4
	12
	Following governmental guidance to ensure reduction of harsh chemicals such as Lead Azide. Design of munitions and delivery system should be considerate and attempt to mitigate external exposure. 
	3
	1
	3

	
	People within immediate vicinity
	Reignition of propellant gases after exiting barrel causing burns
	3
	2
	6
	Reduction of exposure includes proper use of PPE of a breathing mask with high quality filtration system, protective clothing and gloves to reduce skin exposure to burns and absorption.
	2
	2
	4

	Vibration/Noise
	

	Vibration
	
	Heavy Vibration causing physical deformation to CTA Shell resulting in no obturation leading to hang fire.  Next shell is fired into hang fire causing barrel detonation. 
	5
	3
	15
	Packaging design should be both shock and vibration absorbent to minimise damage to product. Safety conditions such as electronic monitoring, visual monitoring and external viewings to identify deformation to CTA before secondary firing to reduce probability of barrel detonation. 
	5
	2
	 l

	· 
	
	Excess vibration leading to damaged electrical wires that can result in shock/electrocution.
	3
	3
	9
	Maintenance PAT testing to provide additional information of the status of electronics, if damage or discrepancy occurs Safe disposal and retirement of equipment should occur according to the specific equipment SOP. Addition grounding PPE such as Grounding Shoes and rubber gloves can reduce and redirect electronic flow when handling.  
	3
	2
	6

	· 
	
	Vibration causing damage to exhaust seals leading to monoxide build up in cabin.
	2
	4
	8
	Regular maintenance and inspection of O-ring quality and seal degradation. Additional components to be carried and operators trained to perform routine swap out procedures. 
	2
	2
	4

	Noise
	
	Noise – hearing loss
Extreme noise from both normal and abnormal operation leading to hearing loss
	4
	3
	12
	Reduction of exposure to loud noises includes proper use of PPE such as regulated ear defenders and single use ear plugs as detailed in JSB 482. 
	2
	2
	4



	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. 

	 
	4 - 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




 
[bookmark: _Toc234999880]Introduction to ALARP justification report 
This ALARP Justification report is on a Fire Control System calibration trial with focus on varied firing of HE rounds from CT40 cannon mounted to Ajax platform to calibrate FCS. The CT40, 40mm Cased Telescope Cannon, is a mounted cannon designed to interface with the Ajax and Warrior armored vehicles. The firing cycles undergo; breech at rest with inert shell, breech rotation occurs which discharges the inert shell, projectile firing form casing and finally the breech returns to rest position. [1] The Ajax is a series of vehicles developed by General Dynamics UK, which was designed to be a functional armored fighting vehicle, operated by multiple trained operatives. [2] 
[bookmark: _Toc234999881]Definition and cruciality of ALARP in hazard identification and mitigation 
ALARP stands for ‘As Low As Reasonably Possible’ [3] and is used by Duty Holders, HCS and associated specialists to regulate the risks involved in that working environment and quantify acceptable and unacceptable risk. This allows operators to identify the hazard, assign quantitative values and assign mitigations which can be universally understood across industries.
SFAIR is another common term when discussing the legality of risks. SFAIR stands for ‘So Far As Is Reasonably Practicable’ and is a subjective system which occurs in legal documents and court considerations when discussing risks and hazards in the workplace. [4]
[bookmark: _Toc234999882]Selection and justification of hazard
The focused hazard for the report is when diurnal cycling of the HE fill causing in bore detonation occurs. Due to the reactive nature and varying material compositions within the product, over long-term storage, degradation in the material quality, chemical bonding and contact between component variation due to temperature, humidity and light exposure must be monitored. 
If a munition is exposed to a wide range of heating cycles, where the product is exposed to high heat and the materials expand then exposed to low heat where the materials compress repeatedly, this can affect the seals and contact between components but crucially can cause voids and cracking within the fill effecting the volatility and efficiency of the munition. 
A munition exposed to varying humidity will see the fill absorbing additional fluid and losing needed fluid to ensure proper chemical structure. This variation at time of firing with yield varied results and over a repeated cycling can cause cracking and voids too occur. When cracking and voids occur, this can either reduce volatility due to insufficient crystal interaction or increase volatility due to hot spots forming.
Therefore, to ensure safe and predictable operation of the munition, minimisation of the product experiencing the environmental cycle is crucial. In circumstances where complete minimisation can not be accomplished, data gathering to inform operators can provide some in sight into possible product be haviour. 

[bookmark: _Toc234999883]ALARP Justification of hazard
[bookmark: _Toc234999884]Relevant Risk 
The risk associated with the chosen hazard is the unpredictability of the munition and the bodily harm that may occur due to a munition being unsensitive and resulting in tactical danger, or overly sensitive and causing damage to the barrel or detonating when not intended. 
The explosive fill containing cracks and voids due to cycled thermal expansion and compression as well as moisture changes can be quantitatively identified where either the munition is cut in half or x-rayed, from these large voids can be measured and percentage of damage can be calculated. Depending on supplier, the acceptable quantity for both is considered. 
Long term storage is a tactical necessity due to the rate of production being less than the rate of use in a volatile political situation, therefore the risk of munition degradation is a necessity currently. Having large stores of products allow for time between the start of conflict and dedication of resources and implementation of resources to match or overtake rate of use. The cost of these long-term stores and the quality of stores is evaluated via CBA and GDC. 
[bookmark: _Toc234999885]Duty Holder 
During the design phase of the munition’s lifecycle, the designer of the munition would be responsible for ensuring compliance with health, safety, and regulatory obligations as part of the design. They would need to consider packaging to help maintain shelf life and minimise storage conditions as well as ensuring expected legal requirements to aid the benefit of large storage of the munition.
During the storage stage of the munition’s lifecycle, the relevant duty holder in charge of mitigating the hazard of environmentally cycling is the storage facility personnel. The duty holder could potentially use varying authenticating methods to keep the storage facility at a stable humidity, stable temperature and minimal light changes, however, this would require a lot of power to maintain the simulated environment, as well as the cost of monitoring the conditions. As the relevant product is a munition, additional costs would include constant security and storage licenses.
[bookmark: _Hlk234907644]The final duty holder would be the operators who would inspect the quality of the munitions, looking for key symptoms of degradation such as sun bleaching, potentially damaging labeling, loose components from thermal expansion cycles as well as audible indication of damage from broken HE fill due to cracking and void creation. 
[bookmark: _Toc234999886]Existing Mitigation 
Locational and geometric mitigation involves storage location occurring in an area or geometry where the range of environmental cycling is minimally natural. This involves location such as underground storage, additionally using thermally absorbing materials such as concrete reduces the upper thermal range.
External packaging mitigation methods include thermally resistive boxing through both geometry and material selection to reduce internal temperature changes, so the product experiences the environmental cycles with a reduced effect.
During the design phase, mitigation of the risk of the HE fills and addition components experiencing degradation and damage due to thermal expansion and moisture level cycles includes tolerancing of the components. Using expandable and compressible seals and rings, as the components geometry change and the volume of the HE fills increases, there is a tolerance to allow for these changes and revert with minimal damage. Using components with standard tolerance interaction can also reduce the damage caused by expansion and compression such as on the threads. 
[bookmark: _Toc234999887]Relevant Legislation 
The Explosive Regulations 2014 [5][6], dictate the licenses and storage conditions that are required to store munitions. Contextually, storing 40mm ammunition would require adequate fire and explosive management, control access to authorized personnel, adherence to the storage facilities explosive safety case and appliance to JSP 482 [7]. Therefore, risk mitigation is at the discretion of the duty holders at each stage of the process with guidance of SFAIR noted withing the legislation. 
[bookmark: _Toc234999888]Relevant good practice 
Relevant good practice for using munitions that have previously experienced long-term storage is the group of operators having at least one person with long to medium term relevant experience with munitions and therefore being able to identify key features of a product which has undergone damage due to the durian cycle. Although the practice of having a group of operators with varying experience and technical knowledge is good practice, due to the unique nature and resent development of the CT40, specific experience is not possible. 
Reducing costs and minimising the margin for human error is by using electronic monitoring to measure exact quantities of temperature, humidity and light level. This is considered relevant good practice and Best Available Technique (BAT) across the industry as even though these sensors do not reduce environmental cycling, they can inform engineers of material properties and the effect of the cycles and operators of the condition of the current working munitions. 
Although electronic monitoring is a useful tool, good practice is to have several monitoring systems to reduce the likelihood of incorrect results. Due to the long-term nature, naturally occurring degradation, residue on sensor build up, external and internal factors can all affect the quality of the electronic data collected via sensors. Regular and in person monitoring and maintenance is required to ensure stockpile conditions are being monitored correctly and if a fault does occur, it is identified with haste and damage can be mitigated. 

[bookmark: _Toc234999889]Consideration of Cost benefit Analysis and Grossly Disproportionate Cost 
A simplified calculation to determine the Grossly Disproportionate Cost is:
GDC = P x VPF x GDF
Where ‘P’ signified probability of accident, VPF’ is the value of the prevented fatality and ‘GDF’ is the grossly proportionate factor. Although with existing mitigations and good practice controls the probability is considerably low, the hazard of the durian cycle causing internal damage to the HE fills resulting in detonation withing the barrel causes the risk of the operators being multiple potential fatalities. Therefore, when analysing the overall cost benefit of the cost of special storage geometric, electronic monitoring of systems, maintenance and security costs of the storage facility, specialist monitoring employees and environmentally considerate design, the reduction of the probably of a fatality is of greater worth. 
 
[bookmark: _Toc234999890]Collective summary and further recommendations 
Identification and methods of prevention of the hazard that the product degrades due to the durian cycling effect is crucial to decrease the risk of multiple fatalities which could be experienced by the operators. Training and practice with similar munitions can emulate the best practice of having experience in identifying degraded rounds however, operators should be mindful of the increased risk of human error due to the involvement of new technology. The CBA and review of the GDC lead to the conclusion that significant resource diversion to prevention of degradation has greater value that the cost of these resources overall. 
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