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1. [bookmark: _Toc203739751]Risk Assessment
1.1. [bookmark: _Toc203739752]Hazard and Operability (HAZOP) Study
	Facility:
	Ajax Turret System
	Session:
	Operations

	Node:
	Non-Energetic applications of the Ajax turret systems during operational environments

	Intention:
	Rotate the main turret system and pitch the gun barrel, and any additional movements by auxiliary systems in support of primary energetic operations.

	ID
	Hazard Description
	Pre-Control Risk Estimate
	Safeguards
	Post-Control Risk Estimate
	Comments

	
	Keyword
	Cause
	Consequence
	S
	L
	R
	Controls
	Recommendations
	S
	L
	R
	

	1
	Uncommand or Unexpected Movement of the turret, Pitching or Rotating

	Mechanical Error
	Major Injury
	3
	5
	A
	Combat personnel wear PPE – Crew wears protective headgear in proximity to the system.
	Do not stand underneath the turret
	2
	5
	B
	Major injuries (including concussion) to personnel, possibly resulting in long term afflictions.

	
	
	
	Minor Injury
	2
	5
	B
	Combat personnel wear PPE – Crew wears protective headgear in proximity to the system.
	Do not stand underneath the turret
	1
	5
	C
	Minor (Non-head) injuries to personnel resulting in only short term afflictions that can be treated on-site. Likelihood of minor injury remains constant throughout risk mitigation as major injuries are reduced to minor injuries.

	
	
	Human Error

	Major Injury
	3
	5
	A
	Combat personnel wear PPE – Crew wears protective headgear in proximity to the system.
Sufficient training on the system reduces the likelihood of a mistake due to “Lack of Knowledge”.
	Do not stand underneath the turret
	2
	3
	D
	Major injuries (including concussion) to personnel, possibly resulting in long term afflictions.

	
	
	
	Minor Injury
	2
	5
	B
	Combat personnel wear PPE – Crew wears protective headgear in proximity to the system.
Sufficient training on the system reduces the likelihood of a mistake due to “Lack of Knowledge”.
	Do not stand underneath the turret
	1
	3
	D
	Minor (Non-head) injuries to personnel resulting in only short term afflictions that can be treated on-site. Likelihood of minor injury remains constant throughout risk mitigation as major injuries are reduced to minor injuries.

	2
	Excessive noise of the System [1]
	Poor design and build quality of the system.
	Hearing Loss
	3
	6
	A
	Ear protection.
	Logging of batch numbers for parts during production and manufacture.
Recalling of identified defective equipment.
	2
	4
	C
	During normal use of the platform
the user may be exposed to noise which exceeds the HSE Maximum Exposure Limits

	3
	Excessive vibration of the system  [1]
	Poor design and build quality of the system.
	Self-damage to the system
	1
	6
	B
	Defective parts Recast
	Logging of batch numbers for parts during production and manufacture.
Recalling of identified defective equipment.
	1
	2
	D
	Shear forces effecting equipment parts not designed to withstand such movements.
Severity is negligible as damage to system is less that injury to humans.

	
	
	
	Minor Injury
	1
	5
	C
	Set exposure limits to vibrations
	Ensure the user remains inside the legal limits
	1
	2
	D
	Fatigue, Nausea, and/or Vomiting.

	4
	Hot/Cold Surfaces [2]
	High thermal conductivity of metal plating
	Minor Injury
	1
	5
	C
	PPE - Gloves
	Develop materials with advanced protective and thermal conducting properties
	1
	2
	D
	First degree burns or Freezing Cold Injury below 0°C

	5
	Fire


	Fire spread from main section of the vehicle or ignition of surface material on the turret
	Death
	3
	2
	C
	Ensure flammable materials are kept clear of the system.
	
	3
	2
	C
	The turret and cannon is made of an non-flammable material so the likelihood of ignition is low



1.2. [bookmark: _Toc203739753]Risk Classification Matrix
The risk classification matrix is used by the industry to calculate the risk levels of a hazard by weighing the severity of the hazard against the likelihood of occurrence. The matrix shown in Table 1 was applied to the HAZOP study above.
	Qualitative Definition
	Frequency Range
	4 - Catastrophic
	3 - Critical
	2 - Marginal
	1 - Negligible

	6 - Frequent
	>1x10-3
	A
	A
	A
	B

	5 - Probable
	1x10-3 to 1x10-4
	A
	A
	B
	C

	4 - Occasional
	1x10-4 to 1x10-5
	A
	B
	C
	C

	3 - Remote
	1x10-5 to 1x10-6
	B
	C
	C
	D

	2 - Improbable
	1x10-6 to 1x10-7
	C
	C
	D
	D

	1 - Incredible
	<1x10-7
	C
	D
	D
	D


[bookmark: _Ref203730946]Table 1- Accident Risk Classification Table [3]


2. [bookmark: _Toc203739754]ALARP Justification
ALARP, meaning As Low As Reasonably Practicable, is the concept of weighing a risk against the difficulty of, time to, and the cost of implementing a control against it. As such, ALARP describes the realistically achievable outcomes when it comes to risks, hazards, and safety given the circumstances.
2.1. [bookmark: _Toc203739755]Hazard Description
The focus of this ALARP justification is on the first hazard identified in the above HAZOP, uncommanded or unexpected movement of the turret system, be that in the 360° rotation of the base system or the pitching the 40mm cannon.
As the height of the AJAX is 2.78m [4], the collision hazard to operating personnel from uncommanded or unexpected rotation of the turret is greatly diminished;  during standard operating procedures, both system and bystander are on level footing, the rotation of the turret will be clear of the heads of the vast majority of people.
The focus of this assessment has subsequently been narrowed to considerations for mitigating controls to accidents and incidents resulting from the uncommanded or unexpected pitching of the 40mm cannon.
2.2. [bookmark: _Toc203739756]Controls
In the HAZOP, a risk assessment is carried out prior to any mitigation controls being implemented. The results of this pre-control risk assessment can be compared with that of the post-control risk assessment, the risk assessment carried out after implementing mitigating controls, and used to determine the effectiveness of the control. If the control is not efficient enough in mitigation it is not suitable for purpose.
2.2.1. [bookmark: _Toc203739757]Personal Protective Equipment 
The primary control to is to equip all operating personnel with Personal Protective Equipment (PPE). This would greatly reduce the severity of any incidents that occur, reducing many major injuries to minor injuries. Equipping operators with reinforced and padded helmets would eliminate the likelihood of skull fractures and greatly reduce the likelihood and severity of internal head injuries such as concussion. 
A helmet is deemed a suitable control for all but the most extreme outlier of cases; looking up at the cannon as it pitches down at the correct distance could cause the cannon to directly collide with the victim’s face, avoiding the protected areas of the head given by the helmet. Such a situation is incredible in its likelihood, and could easily be mitigated by simple training. The cost of this additional PPE to mitigate against such niche cases would not be considered ALARP.
The likelihood of non-head injuries as a is deemed negligible.   
The issuing of PPE is in line with the Health and Safety at Work etc Act 1974 [5], as the regulations mandate that employers provide suitable PPE to employees where the hazard they are exposed to cannot be removed, replaced, or isolated. The cannon of the Infantry Fighting Vehicle cannot be removed, replaced, or isolated from the workers.
2.2.2. [bookmark: _Toc203739758]Training
‘Lack of Knowledge’ is defined as one of the ‘Dirty Dozen’ [6], a list of twelve common human errors that comprise the human factor into a risk equation. There are two approaches to implementing training as a control, both equally valid and not exclusionary of each other and should be considered in tandem. 
First, improved training of the primary operators. The AJAX Infantry Fighting Vehicle is a complex system, a rigours training programme should be laid out and assessed to ensure minimalization, and approaching extermination, of ‘Lack of Knowledge’ errors.
Second, improved training of secondary support personnel. As an Infantry Fighting Vehicle, the primary operating role of the AJAX is alongside dismounted infantry. These secondary personnel, that are not crew, need to be sufficiently trained in the doctrine of operating side-by-side with the vehicle. This would include, but not be limited to, not being positioned directly in front of the turret or underneath the cannon, and not climbing to an elevated position in proximity to the vehicle.
Staff working in auxiliary support roles, such as repairs, transport and storage are out of scope for this in-service during operations assessment.
2.2.3. [bookmark: _Toc203739759]Increase Visibility of the Hazard
Ensuring personnel are aware of their surroundings and changes in their environment with result in less accidents and injuries. Low hanging ceilings in buildings already have a legal requirement, as defined in the Housing Act 2004 [7] to be clearly labelled either through warning signage or with hazard tape.
Anecdotally, the private collection at the Defence Academy in Shrivenham have the cannons of their armoured vehicles pointed up far from pedestrians or, more applicably for this risk assessment, the one cannon that remains at head height is wrapped in striped black and yellow warning tape.
Due to these examples application of hazard tape to gun barrels hanging at head height should be considered. In addition, civilian work vehicles such as forklifts or transport trucks require the use of flashing lights during operation and movement to clearly convey the hazard to the surrounding area. Whilst an efficient control in a storage and transport scenario for the AJAX, increased visibility in a combat scenario may not be desirable.
2.2.4. [bookmark: _Toc203739760]Lessening the severity of the Hazard
It is important to consider both what is a practicable mitigation solution to a hazard, and those that we’re deemed unsuitable when declaring something as ALARP. On this basis, it is worth considering controls even if they are ultimately deemed unfeasible. To that end, in an attempt to decrease the severity of collision between the cannon and any other objects or persons, attempts to make the cannon itself less hazardous should be considered.
Padding can be attached to the cannon’s arm to reduce the blunt force inflicted upon a collision. The effectiveness of this solution varies with the material used and the cushioning power provided. Added insulation to the cannon severely reduces its ability to vent heat generated when firing, this will greatly age the barrel, sabotaging the primary role of the Infantry Fighting Vehicle, and as such is deemed unsuitable as a control.
Shortening of the gun barrel so it does not extend past the AJAX’s chassis would entirely eliminate the risk, at the cost of massively decreased performance of the cannon and as such is in no way considerable as a mitigating control in this ALARP assessment.
2.3. [bookmark: _Toc203739761]Conclusion
In conclusion, it can be declared that with the above considered mitigating controls in place, the hazard from uncommanded or unexpected rotation of the turret system or pitching of the 40mm cannon is ALARP. The considered and accepted mitigating controls work off of each other and overlap to ensure a safe working environment for operators and infantry. Both controls for reducing the severity of a hazard and reducing the likelihood of the incident occurring have been evaluated.
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