UNCLASSIFIED
Risk Assessment Form
	
	Risk Assessor (print)
	ALEX LAMDIN	Signature
	AlexLamdin

	Title
	Firing on Exercise of Gun Equipment 155 mm L131 (AS-90)

	Date of Issue
	12/07/2024	Type of Assessment
	Activity	
	Overall Residual Risk 
	Medium
	Other associated documents 

	ALARP Justification - Contact between persons and loading machinery and/or recoiling breech block during the firing sequence. 




	Brief Description of Task (include sufficient details to make the scope of the RA clear)
	Firing on Exercise of AS-90 main gun, to include transferring ammunition from an external supply through the rear doors, loading into the breech using the loading machinery, aiming (turret slew and/or gun elevation) and firing using the fire control system.
This assessment does NOT cover: movement (driving) of the vehicle, use of the vehicle’s magazine/charge storage containers, use of any secondary weapon systems, effects arising from the projectile’s impact following a planned discharge. 



	Parties under consideration
	1st Party
	· Full Gun Detachment, 10 persons, to include: Gun Crew (Driver plus 4 crew in turret), 5 additional ammunition handlers.
· Other service personnel involved in the activities (e.g. other gun crews, command personnel, instructing staff, logistics/supply personnel, mechanics etc.)

	
	3rd Parties
	· Observers
· General Public

	
	Equipment
	· The gun itself
· Adjacent guns (if in a battery)
· Other vehicles and equipment (command vehicles, communications equipment supply trucks etc.)



	No.
	Hazard Description
	Cause
	Consequences
	Initial Risk Rating
	Controls and Recommendations
	Residual Risk Rating

	
	
	
	
	Likelihood
	Severity
	L, M, H?
	
	Likelihood
	Severity
	L, M, H?

	1
	Unintended Initiation of Ammunition (During Handling/Loading)
	Heat
EMR
Shock (Poor Handling, Packaging/MHE Failure)
Malfunction of ammunition.

	Fire/Explosion in vehicle

Multiple 1st party fatalities.

Limited risk to 3rd parties.

Loss of Platform
	2 – Low 
	E – Catastrophic 
	
	Store ammunition correctly in the field, minimise exposure to sun.

Follow EMR guidance.

Ensure MHE and packaging is in good condition before use.

Follow correct procedure and training for handling and fusing shells.

Ensure ammunition is fit for use.
	1 – Very Low
	E – Catastrophic 
	

	2
	Unintended Initiation of Shell in Barrel
	Heat
EMR
Shock (Poor Handling, Packaging Failure, Firing)
Malfunction of projectile.

	Explosion in barrel

Multiple 1st Party fatalities.

Limited risk to 3rd Parties.

Loss of Platform
	2 – Low 
	E – Catastrophic 
	
	Store ammunition correctly in the field, avoid direct sunlight if at all possible.

Follow EMR guidance.

Ensure loader/breech mechanism is serviceable and that barrel is free from obstructions before use.

Ensure ammunition is fit for use.
	2 – Low
	E – Catastrophic 
	

	3
	Stuck round in barrel (Shell does NOT initiate)
	Malfunction of Propellant (Partial failure)
Manufacturing Defect in Projectile.
User Error - Misloading of Propellant
Wet Propellant
	Potential superficial injuries to 1st party.

No risk to 3rd Parties

Barrel will likely require replacement. Potential for damage to breech.
	3 – Low
	C – Major 
	
	Ensure ammunition is fit for use.

Ensure barrel is clear from obstructions before use.

Loader to check charge amount before placing into tray.

Store propellant correctly in the field, minimise exposure to moisture.
	1 – Very low
	C – Major
	

	4
	Accidental Discharge (Unintended Initiation of Propellant after breech closed)
	User Error
Malfunction of Fire Control System 
Heat
EMR
Malfunction of propellant.
	Multiple 1st Party Fatalities.

Multiple 3rd Party Fatalities.

Destruction of property.
	3 – Medium 
	E – Catastrophic 
	
	Guard controls to prevent accidental operation.

Ensure ammunition is fit for use.

Store propellant correctly in the field, minimise exposure to moisture.

Follow correct firing procedure.

Ensure fire control system is serviced.
	2 - Low
	E – Catastrophic
	

	5
	Gun fires abnormally with reduced/extended range to expected.
	Malfunction of Propellant (Partial failure)
User Error - Misloading of Propellant
Wet Propellant

	Multiple 1st Party Fatalities.

Multiple 3rd Party Fatalities.

Destruction of property.
	3 – Medium 
	E – Catastrophic 
	
	Ensure ammunition is fit for use.

Loader to check charge amount before placing into tray

Store propellant correctly in the field, minimise exposure to moisture.
	2 – Low
	E – Catastrophic
	

	6
	Uncommanded movement of Loader/Breech Machinery 
	User error – unintended contact with controls
Malfunction of loader/breech Machinery
	Likely Jammed System, with explosion potential if “Double feed”

1st Party Severe Injuries if struck

No risk to 3rd parties
Loss of System
	2 – Low 
	D – Critical 
	
	Guard controls to prevent accidental operation.

Establish, train and follow correct loading procedure.

Minimise time spent by crew behind breech.

Remove/Restrain all loose clothing.

Ensure loading & fire control systems are serviced.

Helmets/Eye protection to be worn.
	1 – Very Low
	D – Critical
	

	7
	Uncommanded movement of Turret/ Gun Elevation 
	User error – unintended contact with controls
Malfunction of turret/aiming system
	1st Party Severe injuries

No risk to 3rd Parties

Heavy damage to gun if strikes another vehicle
	2 – Low 
	D – Critical 
	
	Guard controls to prevent accidental operation.

Gunner to ensure all is clear before moving gun.

Ensure aiming system is serviced.

Helmets/Eye protection to be worn.
	1 – Very Low
	C – Major 
	

	8
	Contact between persons and moving gun during aiming sequence.
	User Error - Poor Situational Awareness
Malfunction of turret/aiming system

	1st party severe injuries
No risk to 3rd Parties
No damage to machinery
	3 – Medium 
	D – Critical 
	
	Establish, train and follow correct aiming procedure.

Gunner to ensure all is clear before moving gun.

Helmets/Eye protection to be worn.
	2 – Low 
	C – Major 
	

	9
	Contact between persons and loading machinery and/or recoiling breech block during the firing sequence.

	User Error
Caught clothing 
Malfunction of loader/breech machinery

	1st Party Severe Injuries
No risk to 3rd Parties
Slight damage to machinery.
	4 – High 
	D – Critical 
	
	Establish, train and follow correct loading procedure.

Loader to ensure personnel are clear of mechanism before operating loading machinery.

Gunner to ensure recoil space is clear before firing.

Remove/Restrain all loose clothing.

Helmets/Eye protection to be worn.
	3 – Medium 
	D – Critical 
	

	10
	Dropped Shell (No Initiation)
	Poor Handling Packaging Failure
MHE Failure
	1st Party superficial injuries (e.g. broken toes)
No 3rd Party Injuries
Slight damage to Equipment

	4 – High 
	C – Major 
	
	Ensure MHE and packaging is in good condition before use.

Follow correct procedure and training for handling shells.

Safety Boots to be worn.
	2 – Low 
	C – Major
	





	Likelihood
	1 - Very Low (Incredible)
	2 – Low (Improbable)
	3 – Medium (Occasional)
	4 – High (Probable)
	5 - Very High (Frequent)

	Probability of Occurrence
	May occur but only in exceptional circumstances
	Not likely to occur in normal circumstances
	May occur at some time
	Expected to occur at some time
	Expected to occur regularly under normal circumstances



	Severity
	1st Party
	3rd Party
	Material/Property/Equipment

	A – Negligible
	No likely injuries or Injuries requiring First Aid only
	N/A
	Minor Damage

	B – Marginal
	Minor injury requiring medical advice/care.
	No likely injuries or Injuries requiring First Aid only
	Damage Requiring light repair

	C – Major 
	Superficial injuries or acute illness resulting in temporary discomfort or disability.
	Minor injury requiring medical advice/care.
	Major Damage requiring heavy repair

	D – Critical
	1 fatality, Severe injuries or illnesses, injuries or illnesses resulting in permanent discomfort or disability. 
	Superficial injuries or acute illness resulting in temporary discomfort or disability.
	Loss of System

	E – Catastrophic
	2 or more fatalities 
	1 fatality, Severe injuries or illnesses, injuries or illnesses resulting in permanent discomfort or disability.
	Loss of System and surrounding vehicles/equipment.



	
	Likelihood/Probability

	
	1 - Very Low (Incredible)
	2 – Low (Improbable)
	3 – Medium (Occasional)
	4 – High (Probable)
	5 - Very High (Frequent)

	Severity
	A – Negligible
	Very Low (G)
	Very Low (G)
	Low (Y)
	Low (Y)
	Medium (A)

	
	B – Marginal
	Very Low (G)
	Low (Y)
	Medium (A)
	Medium (A)
	Medium (A)

	
	C – Major
	Low (Y)
	Medium (A)
	Medium (A)
	Medium (A)
	High (R)

	
	D – Critical
	Low (Y)
	Medium (A)
	Medium (A)
	High (R)
	High (R)

	
	E – Catastrophic
	Medium (A)
	Medium (A)
	High (R)
	High (R)
	High (R)



	Residual Risk Rating
	Action required
	Authorisation

	Very Low (G)
	The risk is expected to be effectively managed and no further controls are needed other than monitoring.



	Local line management

	Low (Y)
	Consider only simple, low-cost additional controls.




	Local line management

	Medium (A)
	Consider a range of additional controls to manage the risk OR accept that risks have been adequately controlled and are demonstrably ‘As Low as Reasonably Practicable’ (ALARP)

	Division Manager or delegated authority

	High (R)
	Action must be taken to review the proposed/existing controls.  Work should not commence or should be suspended pending the outcome of the review. 
Where all possible mitigation has been exhausted and all risks demonstrably ALARP, seek ‘Executive Authorisation’ to proceed.

	Executive or delegated authority


Key to colour coded areas: Very Low (G) = Green,  Low (Y) = Yellow,  Medium (A) = Amber,   High (R) = Red

Remember! Mitigate risk in line with the ‘Hierarchy of Controls’: Eliminate; Substitute; Isolate; Reduce; Safe System; PPE

ALARP Justification Form
	Risk Assessor (print)
	ALEX LAMDIN
	Date of Issue
	12/07/24

	Activity Name
	Firing on Exercise of Gun Equipment 155 mm L131 (AS-90)

	Description of Hazard to be justified as ALARP
	Contact between persons and loading machinery and/or recoiling breech block during the firing sequence.

	Initial Risk Rating
	High (R)
	Residual Risk Rating
	Medium (A)



	Review of Control Measures

	This document covers the hazard of the loading machinery and/or recoiling breech block within the AS90 turret making contact with, and potentially injuring, a member of personnel inside. It seeks to reassure all parties involved that the risks arising from this hazard have been controlled to the point where they are as low as reasonably practicable (ALARP). This document, and the associated risk assessment, only refer to the gun being fired on exercise, to include transferring ammunition from an external supply through the rear doors, and as such does not take into account personnel needing to access the ammunition containers within the vehicle.

The AS-90 is the 155mm self-propelled artillery piece currently in service with the British Army. It features a tracked chassis and a rotating turret. The elevation and rotation of the turret can be controlled from inside the turret by the crew. Loading of the weapon is via a mechanical loading system consisting of a parallel tray into which the round is placed. Upon operation of the mechanism, this is the tipped into a lifter, which brings it up to line with the breech. This is then pushed into place by a mechanical “rammer”. A charge bag is then placed in behind it and the breech is closed. Upon firing, the main gun, and its breech block, recoil into the turret. These pieces of moving machinery have the potential to cause harm to the crew inside, should they make contact with or trap parts of the body.

Since the AS-90 is the in-service platform, it is not possible to remove or eliminate the risk entirely. Training on exercise is essential for the crews to become competent on the platform and to ensure they are SQEP in their military role. 

Subsequently, the easiest way to replace this hazard would be to load the gun via alternate means, thus removing the loading machinery entirely, and thus eliminating the risk to the crew from it. This would involve either loading the gun manually or installing an autoloader system. Whilst the former removes the risk from machinery, It would reduce the rate of fire and vastly increase the manual effort required to fire the gun, also increasing the risk of manual handling injuries to the crew, with each shell weighing in excess of 40kg. This also far breaches the manual handling principles set out in JSP375, as well as in HSE guidance, especially considering the repetitive nature required for continuous firing.

The latter option is also unfeasible, since it would require upgrading the approximately 110 systems still in UK service [R]. The platform was built in the early 90s around an 80s design, and as such a completely new turret would be required to contain such a radical change in operating method. This would be extremely expensive and cannot possibly be justified considering the platform’s predicted out of service date (OOSD) of 2030. It is noted that the ASS90s are due to be replaced by the RCH 155 system, which features an autoloader. 

As such, it can be considered, that one of the long-term mitigations to this hazard within the British Army’s 155mm artillery capability as a whole is to remove this hazard via substitution, even if it is not possible to do so at this moment in time. As the new RCH155 systems are phased in, and the proportion of AS-90s in the fleet decreases, the risk of an incident of this type will also decrease until it is completely removed upon the last AS-90 being removed from service.

Following the conclusion that continuing to use the current weapon loading system is the only viable option on this platform, I considered whether physical guards could be installed within the turret to prevent personnel contacting the loading machinery/recoiling breech. Unfortunately the limited space within the turret makes this an unsuitable option, as this would significantly hinder movement of crew and ammunition around the interior of the vehicle.

In theory it would be possible to install light barriers within the turret space i.e. the machinery is will not move if the beams surrounding the danger area are broken. However, again considering the age of the platform and it’s now fairly simple operating machinery, this would require upgrading the fire control system in order to include these additional safety features, which , again considering the imminent OOSD, is not a reasonable measure.

Whilst small, I would recommend that the edges of moving machinery are painted in either bright colours or have photo luminescent markers attached to them. This would ensure that when operating in low light conditions, crews are able to easily see and therefore avoid contact with it. 

Other than this, it is obvious that it is not reasonably practicable to make any physical changes to the platform. As such, the hazard will need to be mitigated largely via administrative controls and PPE.

Firstly, whilst not a directly mitigating factor, it is also important that the loading machinery is serviced and maintained regularly, since this will minimise the risk of manual intervention being required to resolve the problem. For example, should the loading tray jam because it hasn’t been correctly greased, and a crew member tries to free it, their hand could easily be crushed as it gets freed. All electronic control systems should also be checked regularly to ensure all movements are as expected and predictable.

Given that the hazard is mostly caused due to the unavoidable current requirement for several personnel to operate in close proximity to moving machinery, it cannot be overstated how vital it is that steps are taken in the development of the firing procedure to ensure that the risks are minimised wherever possible.

In order to maximise the amount of space available in the turret for personnel to keep clear of the machinery, only those personnel absolutely required to be in the turret at any one time should be so. As well as this, the firing sequence should include checks of the danger zones before any machinery is operated. This should include the loader checking before operating the loading machinery and the gunner checking the recoil area before firing. In addition, to minimise the severity of any collision, should it occur, crew members should keep their heads well clear of the machinery at all times.

Over their initial training, the crew should undertake extensive familiarisation with the firing sequence and turret operations, either on platform or by using the turret trainer at Larkhill to gain an intimate knowledge of the machinery operations. More experienced crew may, however, become complacent over time, and as such should be reminded of essential safety points regularly. It is also up to the vehicle commander to immediately make the crew aware of any poor behaviour or near misses they see.

In order to prevent the machinery catching loose clothing and pulling anyone into the machine, all loose clothing should be suitably fastened/restrained. Individuals with long hair will already have it tied back as per army dress and appearance regulations. Rifle Slings should not be worn, and left attached to the stowed rifle, as instructed in weapons handling training.

Due to the weight and construction of the moving machinery, any contact with the bodies of personnel would likely result in injury, whether it be bruises, broken bones, amputation of fingers, or in extremis death, were the recoiling breech to strike a crewmember’s head. As such, all personnel should wear a combat helmet and ballistic eye protection to protect their head from any impact, with the latter also protecting the crew’s eyes from any debris that should arise whilst firing. 

It is also noted that, depending on the scenario, crew may be wearing body armour. Whilst this provides additional protection to the torso area against, say, a strike by the recoiling breech block, it is also important to remember that this will increase the space required by the crew within the turret, increasing the likelihood of someone making contact with the machinery. Gun crews should be encouraged to minimise the attachments on their body armour to maintain a slimmer profile, since, for example, a multiple magazine pouch can protrude more than 6cm from the front of a plate carrier.

Subject to the above described controls, I am satisfied that the risks described in the introductory paragraph have been mitigated to a point where they are ALARP.






[bookmark: _GoBack]
	Sources of Information

	Information on general usage and crewing:
https://www.army.mod.uk/equipment/artillery-and-air-defence
https://en.wikipedia.org/wiki/AS-90
https://www.youtube.com/watch?v=TUP0laEq18s

Sources of photos used to evaluate internal space and layout:
https://www.primeportal.net/artillery/dan_hay/as90/index.php?Page=1

Ammunition information:
https://www.baesystems.com/en-uk/product/shell-155mm-how-he-l15
https://cat-uxo.com/explosive-hazards/projectiles/155mm-l15a1-projectile
https://cat-uxo.com/explosive-hazards/fuzes/l106-a2-fuze

Manual Handling Information
JSP375 Vol 1 Chapter 10 (available on gov.uk)
https://www.hse.gov.uk/msd/manual-handling/index.htm

Army Dress Regulations
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1028880/20210810_AGAI_059.pdf

Turret Trainer Info
https://www.army-technology.com/news/uk-as90-turret-trainer-hits-100000-firings-milestone/



	I, the undersigned declare that the above hazard has been controlled so that the hazard is demonstrably “ALARP”

	Signature
	AlexLamdin

	Date
	12/07/2024




Page 13 of 13
UNCLASSIFIED
