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[bookmark: _Toc171686636]Introduction
This report details the hazard justification for part 2 of the risk assessment 2024061-CT_Firing_training_risk_assessment, which can be found as Appendix 1 on this report. Part 2 details the risk of toxic fume inhalation by the operators and trials team. It outlines the details of the harm the hazard can cause as well as how it has been deemed as low as reasonable practicable with the inclusion of a cost benefit analysis of why some mitigations were not chosen. 
[bookmark: _Toc171686637]1. Hazard
The hazard presented from the firing of the CT cannon is the fumes expelled from the gun after each firing. Studies have shown that the fumes when exposed to human lung tissue go through extensive changes. This can include increased inflammation and reduced lung function post exposure, having some users experience illness similar to metal fume fever contracted by welders [1] as well as showing the potential harmful effects that can lead to chronic disorders such as cancer. With the results showing a reduction of cell viability and a significant increase in DNA-damage [2].  
[bookmark: _Toc171686638]2. Existing mitigation controls 
As part of the design of AJAX the cannon is separate from the personnel compartment. There is a hatch that can be opened to access the gun whilst it is being fired, due to this hatch being able to be opened during firing it increases the exposure risk to the operators. The trials personnel should be at a safety distance of 50 meters. 
[bookmark: _Toc171686639]3. New additional mitigation controls
The added mitigation controls consist of fitting an interlock onto the door of the gun hatch this will prevent users from being able to open the hatch when the cannon is being fired. In doing so this does not prevent the gun from being fired as it can be operated from inside of the personnel compartment. The seals on the door of the hatch will be improved and another seal added to the door as fail safe if the first one fails. There will also be a rigorous maintenance routine implemented that covers the interlock the seals and the additional filter attached to the exhaust of the gun. 
[bookmark: _Toc171686640]3.1 How the controls were selected for the hazard
 In order to select the controls the hierarchy of control approach was chosen after the initial HAZID was conducted. During this time the team spent some time collating ideas of ways to Eliminate, Reduce, Isolate, and Control both engineering and procedural and what PPE could be required [3]. For the expulsion of toxic gasses from the gun this consisted of: 
Eliminate- make the system autonomous so people are not present to inhale the gas.  
Reduce/substitute- different propellant in munition 
Isolate- barriers between users and gun
Control engineering- filters, seals, barriers, have multiple as fail safes, interlocks etc.
Control procedural- competent persons, safe systems of work (work instructions etc.), and maintenance 
PPE- respirators
After this session of collating ideas they were then assessed and evaluated. 
[bookmark: _Toc171686641]3.2 Assessing the controls 
In order to appropriately asses each of the controls ability to reduce the risk against the time, trouble and cost it takes to implement those controls a cost benefit analysis has been conducted. It is at this stage the final controls are chosen to then be implemented. 
To eliminate the risk and remove personnel from being around the cannon whilst firing. This would require a redesign or design of an entire new autonomous platform and would cost millions of pounds and also would now be outside of the scope of the initial design requirements of AJAX meaning this is grossly disproportionate to the benefits [4].  
To reduce or substitute the propellant within the rounds being fired that produce the gas would degrade the performance of the cannon and the ammunition to a point again where the cannon is now out of the performance scope of the design and so is not possible. 
To isolate personnel from the gasses using barriers this is already within the original design of AJAX, with some additional engineering controls this can be enhanced to ensure a complete barrier with minimal exposure to personnel. The cost benefit analysis has shown that retro fitting an interlock onto the hatch door, and improving the seal as well as adding a subsequent seal would cost far less than if any of the personnel had contracted metal fume fever, reduced lung function or cancer [4]. 
An engineering control to implement exhaust filters to the cannon to further reduce the risk of exposure is more expensive than the seals and interlock, however a Heppa filter has the ability to remove particle sizes of 0.3µm [5] with the particle size being expelled from guns ranging from 0.2µm upwards [1] this would significantly lower the risk of exposure but not eliminate it completely, however it does lower it to such an amount that the risk is accepted [4]. Again the cost benefit analysis showing the cost of the introduction is still cheaper than the cost of personnel contracting metal fume fever, reduced lung capacity and cancer. 
[bookmark: _Toc171686642]4. ALARP status review 
As of the date on the risk assessment the control measures in place are now as low as reasonably practicable. This however does not mean that it will continue to be as time moves on, due to this it is important that the review process is adequate and robust. It is also important to remember that just because a risk is as low as reasonably practicable does not mean that there will not be any ill health [6]. The risk assessment should be review on an annual basis or unless anything changes, for this risk assessment it also includes any changes to the training. It is good practice to ensure a review of the controls to ensure they are still as low as reasonably practicable. 
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	A

	Risk Assessment Team:
	Bec Dingwall, Albie Willett, Adam Mayo, Ewan Simpson, Finn Mallon

	Task Description / Scope:
	Firing CTA Cannon (Trials/training) Using 40CT rounds.

	Supporting Documentation / Risk Assessment Framework
	Hazard ID checklist- DOC24204 
cta-international-CT40 Cannon
Hierarchy of controls 

	

	(a)
	(b)
	(c)
	(d)
	(e)
	(f)
	(g)
	(h)

	Ref
	Hazard identification 
(Something with potential to cause harm or damage) 
	Cause and Harm 

	
Who might be harmed 
(Specify all persons including contractors, visitors, members of public)
	 Existing
Controls and Mitigations
(Measures currently implemented to reduce the risk rating)
	
Initial Likelihood
(Prior to additional controls)
	Initial Severity
(Prior to additional controls)
	Initial Risk 
rating
(Note 5)

	[bookmark: Text6]1
	Noise

	Permanent hearing damage from the firing of the cannon. 
	X4 Personnel 
X5 Trials Personnel
	Physical barrier as the gun is separate from the Personnel compartment in AJAX
	5
	4
	20

	[bookmark: Text7]2
	
Toxic Fumes 

	Inhalation of toxic fumes causing damage to lungs, with the intake of possible carcinogens from the fumes expelled from the gun after firing. 
	
X4 Personnel
X5 Trials Personnel 

	Gun is separate from the personnel compartment. Hatch is still able to be opened while gun is firing and venting. Trials personnel to be at a safety distance of 50M
	5
	4
	20

	[bookmark: Text8]3
	Unintended initiation of ammunition 


	In barrel: 
blast and fragment injuries possible fatalities 

	X5 Trials Personnel 
	The personnel within AJAX are protected by the armour however trials people are not. 
	2
	4
	8

	
	
	While loading ammunition: 
Blast and fragment injuries, possible fatalities. 
	X4 Personnel 
	
	2
	4
	8

	
4

	Crushing/ Entrapment from traversing the gun (aiming) 
	Gun turret moving into personnel causing serious physical injury 
	X4 Personnel 
	
	3
	3
	9 

	5
	Being shot with the gun

	Personnel walking in front of the gun barrel during firing. 
Traversing from firing moves out of the arc due to recoil forces 
	
Members of the Public 
X5 Trials Personnel 
	

	3
	5
	15

	



	

	Ref
	
Additional Controls

	
Additional Mitigations

	
Residual Likelihood
(Post additional controls)
	Residual Severity
(Post additional controls)
	Residual Risk 
rating
(Note 5)
	Is residual
 risk now 
ALARP and tolerable Yes/No?
(Note 8)

	1
	Competent persons using the weapon. Reduction of firing rate. 
	Safety distances of trials personnel, PPE including the training on the specific PPE and care instructions
	5
	2
	10
	Yes

	2
	Improve the seals on the hatch, have multiple seals and an interlock on the hatch to prevent it opening whilst firing. Implement training of competent persons. Continuous maintenance of the seals
	Filters fitted on the exhaust of the gun.

	1
	1
	1
	Yes 

	3i
	Robust Safe system of work to ensure barrel cool down procedures are followed. Trained and competent personnel only. Maintenance procedures 
	Safety distances for all trials personnel 
	2
	2
	4
	Yes

	3ii
	Auto loader to load the gun, temperature regulation within the storage compartment of the autoloader to ensure prevent cook-off in storage 
	Safety distances, and separate storage compartment to the personnel working within the platform with armour surrounding operating personnel. 
	1
	1
	2
	Yes 

	
4


	A reduction of speed of the traverse, hatch interlocks to prevent operating personnel from leaving the platform into the line of traverse. Removable lights and sirens during traversing 
	To remove trials personnel to a safe distance during traversing. 
	2
	1
	2
	Yes 

	5
	Lowering the firing rate, strict SSoW ensuring aiming checks every 1000 rounds fired. Locking mechanisms. 
	For all trials team to be observing in the opposite direction to the line of fire, whilst outside of a large 100M safety distance. 
	1
	5
	5
	Yes

	

	                                                                     Risk assessment review number   (Note 13)
	DOC 0234 V0_1

	Timeframe (i.e. 6 month, annual) and / or reason for review
	Reviewed annually, or in the event of significant changes to facilities, explosives, personnel, legislation or if the risk assessment is deemed insufficient.  

	



	
	Catastrophic
	Severe
	Moderate
	Minor
	Insignificant

	Frequent
	25
	20
	15
	10
	5

	Likely
	20
	16
	12
	8
	4

	Occasional
	15
	12
	9
	6
	3

	Unlikely
	10
	8
	6
	4
	2

	Improbable
	5
	4
	3Severity 
5 Catastrophic- multiple fatalities 
4 Severe- single fatality and / or severe injuries with lasting irreversible damage. 
3 Moderate- single severe injury or multiple minor injuries >1 week off work
2 Minor- Minor injuries time off work
1 Insignificant- no time off work no significant injury. 


	2
	1



Likelihood
5 Frequent- >10-3
4 Likely->10-4	
3 Occasional->10-5
2 Unlikely- >10-6
1 Improbable- <10-6

1. Lowest Risk Class: “The risk is considered to be Broadly Acceptable. Additional risk reductions may be introduced only if the benefits justify the cost (time, money, inconvenience). This level of risk can be accepted following endorsement of the Chief Engineer and Safety Lead.”  

1. Medium Risk Class (Low): “The risk is considered Tolerable and ALARP. This level of risk can be accepted following endorsement of the Chief Engineer, Head of Safety, and quorum of relevant Safety Experts.” • 

1. Medium Risk Class (High): “The risk can only be considered Tolerable and ALARP if demonstrated that further risk reduction is impracticable. This level of risk can only be accepted by the Managing Director and Executive Team following review and presentation made by the Chief Engineer, Head of Safety, and quorum of relevant Safety Experts.” • 

1. Highest Risk Class: “The risk is considered Intolerable/Unacceptable. The activity shall not proceed, or, the system shall not be used. This level of risk can only be accepted by the Managing Director and special governmental dispensation, or, under force majeure to meet an immediate Urgent Operational Requirement.”
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