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This report covers a basic introduction to the general risk assessment process. A risk assessment is conducted on a calibration trial firing scenario for the Ajax armoured vehicle. One effect of a risk was chosen to complete an “as low as reasonably practicable” justification, which explored a cost benefit analysis. There is then a brief summary on the findings, and the importance of safety in the workplace.
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[bookmark: _Toc235542198]Introduction
This report curates a safety analysis for the Ajax armoured vehicle created by General Dynamics in the UK. It focuses on the middle of its manufacture to disposal sequence (MTDS), post manufacture and pre disposal, with the risk assessment curated based on a fire control system (FCS) calibration trial in which there is a varied firing of high explosive (HE) rounds from a CT40 cannon mounted to the Ajax platform. This stage in the MTDS presents a high level of risk due to the active use of the platform and the handling and firing of live HE.
The risk assessment procedure begins with a hazard identification (HAZID). Doing this ensures that no hazards are missed during the early stages of design, which are then carried through the process and arise when the product is in service, requiring an expensive rework. 
There are multiple tools and techniques commonly used to perform a HAZID, such as a hazard checklist, accident history review or a zone hazard analysis. These are all useful in certain scenarios, however the most in-depth technique, and one that is standard practice in many modern industries, is a hazard and operability study (HAZOP). No one technique for a HAZID should be solely relied on, and using a combination of multiple will provide the most comprehensive evaluation. A HAZOP involves evaluating an entire process by breaking it down into each individual step and then a team of selected personnel will conduct an analysis to determine all potential faults that could arise [1].



After the HAZID is conducted (in this case, through a HAZOP), the identified hazards should be evaluated through a risk estimation. This classification of the hazards builds the foundation for the risk assessment to take place [2]. A quantitative risk assessment was chosen due to the number of identified hazards and their complexities.
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General Risk Assessment Form
	

	
	
	

	Reference Number:  ********

	Complete Part 1 and then Part 2.  Use the matrix in Part 3 to determine the level of risk. When the assessment is complete, sign Part 4.

	PART 1: Description

	Site:
	Work Area:
	Bldg. No:

	Assessor’s Name(s): Bethan Davies-Jones
	Review Date:

	Change No:

	Related Risk Assessments: 
	Related Instructions (e.g. SOPs):

	Description of Task/Process: FCS calibration trial – Varied firing of HE rounds from CT40 cannon mounted to Ajax platform.


	PART 2: Risk Assessment

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

	Heat induced Risks

	
Heat build-up from continuous firing
	People in range of vehicle
	In-bore detonation

	5
	2
	10
	Mandatory cooldown period between firings
	5
	1
	5

	
	Tank crew
	Increases cabin temperature.  Introduces fatigue to crew members and uncomfortable working conditions

	1
	5
	5
	Mandatory cooldown period between firings
Introduce a maximum working period for crew before a break is required
	1
	4
	4

	
Heat emitted from platform and rounds immediately after firing

	Those in contact with barrel or munition case
	Contact with hot metal case / barrel causing burns
	2
	4
	8
	Cooldown period after firing before handling is permitted
	2
	2
	4

	Physical Hazards

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

	2
	3
	6
	Implement a danger zone and ensure all unnecessary personnel are outside of the radius which the case could reach upon ejection
	2
	1
	2

	
	
	Rounds dropped during the loading of the tank impacting those below
	2
	3
	6
	Crew competency training
Correct PPE worn (steel toe caps, hard hats, hi-vis, gloves with grip)
	2
	2
	4

	
	
	Rounds dropped during the loading of the tank impacting the ground and causing a detonation
	5
	1
	5
	Crew competency training
Environmental testing on rounds to ensure the drop height would not trigger a shock to detonation transition
Correct PPE worn (steel toe caps, hard hats, hi-vis, gloves with grip)
	5
	1
	5

	
	Personnel on top of vehicle
	People falling off vehicle and sustaining injuries (2.7m fall)
	3
	3
	9
	Crew competency training
Working at heights training
Correct PPE and WAH equipment worn (hard hats, harnesses, hi-vis)
	3
	2
	6

	Munition storage and quality

	
Munition quality
	Personnel in range of vehicle
	Poor munition quality from manufacturer meaning HE may contain large voids within munitions
Munition causes barrel to detonate upon firing
	5
	2
	10
	Quality control (such as x-rays) before munitions leave the manufacturer
	5
	1
	5

	
Munition storage
	Personnel handling the munition at any stage of its life-cycle
	Degradation of munition due to poor storage causing nitrocellulose breakdown increasing munition sensitiveness
Could cause inadvertent miss fires or premature detonations
	5
	2
	10
	Quality control before munitions leave storage
Maximum storage life
	5
	1
	5

	· 
	Personnel in range of vehicle
	Diurnal cycling of fill causing in bore detonation
	5
	2
	10
	Temperature controlled storage facilities
	5
	1
	5

	
	
	Shock and impact from vehicle and handling causing cracking of HE fill, leading to adiabatic heating on firing and therefore in-bore explosion
	5
	2
	10
	Munition environmentally tested to ensure it can withstand the appropriate conditions
Crew competency training and suitable equipment for handling
	5
	1
	5

	Chemical Hazards

	

Toxicity
	Tank crew and people within immediate vicinity
	Inhale toxic gases after firing leading to burning lungs and immediate injury
	3
	3
	9
	Appropriate PPE to be worn (eye protection, full-face masks, air-filtered masks, gloves)
Implement a danger zone and ensure all unnecessary personnel are outside of the radius which gases could be inhaled
	3
	1
	3

	
	Tank crew and people within immediate vicinity
	Build-up of gases in cabin due to poor ventilation also causing long-term health conditions
	4
	4
	16
	Appropriate PPE to be worn (full-face masks, air-filtered masks)
Introduction of appropriate ventilation systems within the vehicle
CO monitors installed and crew competency training in assessing workspace before interacting
Routine testing and calibration of equipment before use
	4
	2
	8

	
	Tank crew
Range staff
	Inhale/absorb/ingest toxic materials when cleaning causing health implications to personnel
	2
	4
	8
	Crew competency training
Appropriate PPE to be worn (eye protection, full-face masks, air-filter masks, gloves)
Implemented danger zone with restrictions to the personnel allowed inside
COSHH assessments on all cleaning supplies and the least hazardous option chosen for use
	2
	2
	4

	
	Personnel living within the radius of the range
Range staff
	Environmental pollution – residue from the firings ends up in the local water supply
Could cause long-term health conditions
	3
	3
	9
	Crew competency training on procedures for correct handling of waste and cleaning
Hardware in place to prevent any physical matter from reaching the waterways
Filters and water contamination testing to ensure the levels stay low enough to remain potable
	3
	1
	3

	Vibration/Noise

	Vibration
	Personnel in radius of vehicle
	Heavy Vibration causing physical deformation to shell resulting in no obturation leading to hang fire.  Next shell is fired into hang fire causing barrel detonation
	5
	3
	15
	Crew competency training in assessment of readiness to fire next shot
Environmental testing on munitions to assess effect of vibration
Implement danger zone around vehicle and restrict unnecessary personnel from entering 
	5
	2
	10

	· 
	Personnel handling electronics
Tank crew
	Excess vibration leading to damaged electrical wires that can result in shock/electrocution.
	3
	3
	9
	Crew competency training in assessing workspace before interacting
Routine testing and calibration of equipment before use 
	3
	2
	6

	· 
	Tank crew
	Vibration causing damage to exhaust seals leading to carbon monoxide build up in cabin.
	4
	4
	16
	Crew competency training in assessing workspace before interacting
Routine testing and calibration of equipment before use
CO monitors and vents installed to allow for airflow within the cabin
Appropriate PPE to be worn if necessary (air-filter masks)
	4
	2
	8

	Noise
	Tank crew
Personnel in immediate range of the vehicle
	Extreme noise from both normal and abnormal operation leading to hearing loss
	2
	4
	8
	Implement danger zone and restrict access to only necessary personnel within the radius of high levels of noise
Appropriate PPE to be worn (hearing protection)
Crew competency training on correct handling to limit noise emitted
	2
	1
	4





	Part 3: 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





	PART 4: Sign Off

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

	Assessor’s Signature:  Bethan Davies-Jones
	Date: 17/06/2026

	Additional Contributors’ Signatures: Kieran Howells, Eryn Legg, Elias James, Rory Bowen
	Date: 17/06/2026



[bookmark: _Toc235542200]ALARP Justification
From the HAZID via HAZOP, the identified hazards of the Ajax FCS calibration trial were heat-induced risks, physical hazards, chemical toxicity, vibration and noise, and munition storage and quality. These hazards underwent a quantitative risk assessment (see section ‎2), and their effects and risk ratings were determined before and after mitigations were in place.
The chemical toxicity hazard was determined to have four effects:
· Inhalation of toxic gases immediately after firing,
· Inhalation of toxic gases due to a cabin buildup,
· Absorption or ingestion of toxic materials when cleaning,
· And environmental pollution.
Pre-mitigation, one effect was rated as intolerable and three of the four were deemed tolerable if mitigated as low as reasonably practicable (ALARP). This means that the risk can be tolerated if any further reduction would require disproportionate effort in terms of time, difficulty and cost [3]. Post-mitigation, the same three effects were graded within the broadly acceptable region, meaning they are not deemed to be within the threshold of unacceptable risk and therefore the mitigations in place are sufficient without further investigation [4]. However, even with mitigations in place, the inhalation of toxic gases due to cabin buildup was only deemed tolerable if mitigated to an ALARP status.
This effect was rated as a 4 for severity, following the risk matrix stating a 4 to be a risk that would cause under 5 fatalities. Considering that there are 3 tank crew members within an operational Ajax armoured vehicle, and that carbon monoxide is a known poisonous gas with the capacity to kill upon exposure, this was deemed by the participants to be a suitable rating. Pre-mitigation, the frequency level was also rated at a 4, which is defined within the risk matrix as likely to occur a few times in the plant lifetime. Given the extensive evidence on carbon monoxide sickness previously experienced by Ajax crew members [5] [6] [7], it is clear that exposure is recurrent, and therefore reasonable to assume deaths could occur at this frequency.
There is no option to completely remove personnel from the situation involving the risk, due to the unavoidable need for the tank crew to be present within the cabin to operate the Ajax platform. This means that the risk will have to be mitigated to an ALARP status to prevent any harm to personnel, else the as the duty holder in this specific scenario, General Dynamics would be liable for any injuries sustained. The duty holder is responsible for assessing the risks presented by the situation and ensuring that they are appropriately mitigated [8] [9].
The existing mitigations in place for the inhalation of carbon monoxide within the Ajax armoured vehicle consists of seals around the engine deck to prevent any toxic gases from leaking into the cabin where the tank crew sit, and ventilation systems, however both of these mitigations have shown to be ineffective due to the lack of quality in the equipment and the environment created by the vehicle when in use due to extreme vibration [10].
In the UK there are pieces of legislation that dictate the regulations in place concerning the safety of personnel at work, such as The Health and Safety at Work Act 1974 [9] and The Management of Health and Safety at Work Regulations 1999 [11]. Both of these pieces of legislation state that a duty holder has a duty of care to suitably assess all risks that personnel could be exposed to and mitigate them to a reasonable level. The Control of Substances Hazardous to Health (COSHH) 2002 [12] specifically states that duty holders must prevent or appropriately control exposure to any hazardous substances, which therefore includes the exposure to poisonous gases such as carbon monoxide. These three documents are vital pieces of UK statutory legislation, meaning every employer and duty holder has a legal requirement to adhere to them.
While there is a legal obligation to follow these frameworks, it is also recognised as good practice by the majority of workplaces to establish a healthy safety culture. A common approach advised for use by the Health and Safety Executive (HSE) is to “Plan, Do, Check, Act” [13], which encourages a proactive mindset and centralises health and safety as a core part of general management. There should also be consistent documentation and record-keeping of incidents, to ensure mistakes are not repeated and incidents are dealt with accordingly. Additionally, all personnel involved in any procedures should receive adequate competency training [14] and risk assessments should be generated for every procedure as a baseline.
This information supports the fact that General Dynamics did not directly adhere to the safety legislation, nor did they practice a good safety culture. Within the risk assessment in section ‎2, additional controls were added to reduce the risk level further. These consisted of:
· Personnel to wear appropriate PPE such as filtered masks,
· The introduction of higher efficiency ventilation systems,
· Updated seals that can withstand the vibrations exerted by the vehicle when in use,
· Carbon monoxide monitors within the cabin,
· Routine testing off all PPE and equipment within the cabin,
· And crew competency training to assess whether the workspace is safe for use before any interaction takes place.
The controls were selected due to their low cost and high risk-reduction, making them reasonably practicable to have in place. The controls could not reduce the severity rating of the effects of inhaling carbon monoxide, however it was determined that when implemented they would decrease the frequency of which it is likely to happen, taking the overall risk rating down from a score of 16 to 8.
Referring to the risk rating matrix, a score of 8 is not within the broadly acceptable region but can be classified as tolerable if ALARP. Whether or not a risk has been appropriately reduced to an ALARP level can be determined by evaluating if any further reductions would cost a disproportionate amount of time, trouble or money [15]. One way this can be done is through a cost benefit analysis (CBA) if the risk assessment was completed quantitively [2].
A CBA proves that the cost of implementing a risk-reduction measure is grossly disproportionate to the reduction that would be achieved [16], meaning that the measure is not reasonably practicable and therefore the risk is reduced to an ALARP status, making it tolerable. A CBA can be completed using a grossly disproportionate cost (GDC), which can then be compared to the cost of implementing a reduction. If the cost of the reduction is higher than the GDC, then it is considered to be grossly disproportionate and is not necessary to implement. A GDC can be calculated using the equation below (Equation 1).
[bookmark: _Ref235527138][bookmark: _Ref235527134][bookmark: _Toc235542182]Equation 1 – GDC Equation

Where:
P is the probability of an accident under review,
VPF is the value of the prevented fatality, injury or harm,
And GDF is the grossly disproportionate factor.
Using this equation, the GDC of the risk of tank crew personnel inhaling carbon monoxide due to cabin buildup can be calculated. The probability derived from the risk assessment is quantified as 1, the VPF is £2,000,000 for fatalities in the munitions industry [16] and the GDF is 3 [17]. This means that the GDC is calculated to be £6,000,000 and any mitigation that costs less than this figure should be implemented to reduce the risk to an ALARP status. 
The mitigations mentioned above (page 12) cost under £6,000,000 to implement, meaning that they are proportionate reductions to make and should be in place. However, the proof that the risk has been mitigated to an ALARP status lies in the fact that all other potential mitigations cost more than the GDC. For example, the ideal scenario would be to eliminate the risk entirely. As the tank crew cannot be removed from the cabin, the solution would be to remove the source of the carbon monoxide. Carbon monoxide is a product of incomplete combustion and is highly present in engine exhausts [18], and it was shown that the damaged seals where the carbon monoxide entered the cabin were around the engine block. Logically, the solution would be to use an alternative powering method to an internal combustion engine (ICE).
To convert the Ajax armoured vehicle to an entirely different power source, it could be assumed that the price would be near to that of the entire price of a single vehicle, due to the complete and utter rework that would be required; it may even be more cost-effective to simply redesign the product and implement the change to the newly manufactured line. If this is assumed, the cost of this risk reduction can be compared to the GDC.
The cost of the Ajax programme so far has surmounted to approximately £5.5 billion for the British Army, which purchases 589 vehicles [19]. This means that the average price per vehicle is over £9,000,000. As the GDC is £6,000,000, this means that the implementation of this risk reduction would be grossly disproportionate and was therefore discounted, meaning that the risk has been mitigated to an ALARP status.
In the future, however, there may be more scope to implement this removal of the ICE mitigation. It is likely that the cost of this reduction would decrease as technology advances, and if it were to price below the GDC then it would be feasible to make the change. Risk assessments should be periodically reviewed to account for these various changes in environment, and this could be considered on the next review.

[bookmark: _Toc235542201]Conclusion
In conclusion, the current mitigations in place for the inhalation of carbon monoxide due to cabin buildup in the Ajax armoured vehicle are inefficient and the hazard poses a high risk to personnel. There are several further risk-reductions that would need to be introduced to make this risk ALARP and tolerable, but only those under the GDC threshold are necessary.
If the safety process undertaken originally by General Dynamics had been more thorough, and they had followed good practice, they could have predicted these risks through a HAZOP or other HAZID method and therefore prevented them from occurring through the incorporation of safety-led design, which would have saved on time, cost and effort. 
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