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The following risk assessment was created following the groups Hazard Identification (HAZID) session which highlighted some key hazards associated with the 115mm Large Calibre Gun system.  The risk assessment includes the hazard, its cause and potential harm, an initial risk classification, controls and mitigations, and finally a post-control risk classification.  The full risk assessment can be seen in Table 1 where ‘L’ stands for likelihood, ‘S’ stands for Severity, and ‘R’ stands for Risk.
	Hazard
	Cause
	Initial Risk Classification
	Controls and Mitigations
	Post-Control Classification

	
	
	L
	S
	R
	
	L
	S
	R

	Manual Handling Injuries
	Cause: Moving ammunition, cleaning gun and other activities


Harm: Musculoskeletal injuries, cut injuries, cuts
	F
	M
	A
	Where manual handling tasks can’t be avoided, standard manual handling protocol is obeyed

Operators are trained in safe manual handling techniques

Novel, repetitive or high-risk manual handling tasks are subject to a safety assessment

Operators receive a safety brief detailing specific hazards for the activity prior to use

Operators are supervised when conducting manual handling tasks

Operators receive safety brief detailing specific hazards for activity prior to firing
	Re
	N
	D

	Exposure to severe weather conditions
	Cause: Exposure to severe weather conditions such as rain, high winds and extremes of temperature


Harm: Hypothermia or sun stroke due to weather conditions
	F
	M
	A
	Where weather conditions are hazardous to health, operators are rotated to provide shelter from the elements

Job leader to stop activity if weather conditions are unfit for work

Operators call ‘stop’ when they begin to be affected by weather conditions

Shelter is provided from weather conditions

Safety brief covers that operators must tell job leader if anyone is displaying symptoms of climatic injury

All PPE is checked for suitability with weather conditions
	Re
	M
	C

	Weapon misfire
	Cause: Unplanned asset initiation caused by weapon misfire

Harm: Multiple fatalities, severe injuries by blast, frag, and heat effects
	O
	Ca
	A
	Misfire is called and a 30 min safety wait must be adhered to

Unloading of misfired ammunition is a one-man activity

All misfires dealt with in accordance with the established misfire procedure for equipment

All OME is subject to visual inspection by operator prior to loading

Operators receive safety brief detailing specific hazards for activity prior to firing

All operators are trained for misfire situations and carry out periodic run-throughs of the process
	Im
	Cr
	C

	Exposure to toxic/harmful/ irritant materials and fumes after firing
	Cause: Inhalation, absorption or ingestion of harmful substances post firing

Harm: Severe or minor occupational illness 
	P
	Cr
	A
	All firing activities are conducted remotely and from covered buildings

All smoke and fumes will dissipate before it reaches any inhabited area

All personnel are to stay undercover until the job leader indicates that all fumes/smoke have dissipated

The gun operator will allow any excess smoke to dissipate upon opening the breech

All operators will wear PPE in accordance with pre-task safety brief
	Re
	M
	C

	Noise exposure
	Cause: Personnel being the in vicinity during weapon firing



Harm: Serious and minor occupational illness due to high impulse noise exposure
	F
	Cr
	A
	All firing activities are conducted remotely and from covered buildings

Facility has a noise monitoring system that records the peak noise at multiple areas around the site.  The data from this is compared against the accepted criteria

Operators within hearing protection zones must wear ear protection at all times when weapon in use

Operators that work in this area will receive periodic occupational hearing assessments

Operators receive safety brief detailing specific hazards for activity prior to firing
	Re
	N
	D

	Unintended movement of the breech mechanism 
	Cause: Movement of breech during loading and unloading operations



Harm: Entrapment of operator within breech system causing severe injuries
	P
	Cr
	A
	Personnel not involved in loading and unloading are out with the weapon danger area when this is taking place

Only SQEP personnel are authorised to load/unload the weapon

All operations are carried out in accordance with relevant work instructions and only authorised tooling is used

All operations are overseen by a supervisor and additionally by CCTV

Operators receive safety brief detailing specific hazards for activity prior to firing
	Re
	M
	C
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The Risk Classification Matrix used to determine the risk class for each hazard in the Risk Assessment can be seen in Table 2.
	Probability
	Catastrophic (Ca)
	Critical (Cr)
	Marginal (M)
	Negligible (N)

	Frequent (F)
	A
	A
	A
	B

	Probable (P)
	A
	A
	B
	C

	Occasional (O)
	A
	B
	C
	C

	Remote (Re)
	B
	C
	C
	D

	Improbable (Im)
	C
	C
	D
	D

	Incredible (In)
	C
	D
	D
	D
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The Accident Severity and Accident Probability Thresholds can be seen in Tables 3 and 4.

	Category
	1st Party / Associated Personnel 
(Persons directly involved)
	3rd Party / Non-Associated 
Personnel (Persons not directly 
involved)

	Catastrophic
	Multiple deaths
	A single death and / or multiple severe injuries or equivalent occupational illness.

	Critical
	A single death and / or multiple severe injuries or equivalent occupational illness.
	A single severe injury or occupational illness and / or multiple minor injuries or minor occupational illness.

	Marginal
	A single severe injury or occupational illness and / or multiple minor injuries or minor occupational illness.
	At most a single minor injury or minor occupational illness.

	Negligible
	At most a single minor injury or minor occupational illness. A non-sporting injury requiring professional medical attention (may include a Medical Orderly or an Army Combat Medical Technician).
	Any injury or occupational illness, however minor.
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	Qualitative 
Probability
	Description (Through life)
	Quantitative 
Equivalent

	Frequent
	Likely to be continually experienced during the life of the system.
	>1x10-3

	Probable
	Likely to occur often during the life of the system.
	1x10-3 to 1x10-4 

	Occasional
	Likely to occur several times during the life of the system.
	1x10-4 to 1x10-5 

	Remote
	Likely to occur sometime during the life of the system.
	1x10-5 to 1x10-6 

	Improbable
	Unlikely, but may exceptionally occur during the life of the system.
	1x10-6 to 1x10-7 

	Incredible
	Extremely unlikely that the event will occur during the life of the system.
	< 1x10-7 
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By using the information in Tables 3 and 4, each hazards risk was determined and given a Risk Classification where the definition for each classification can be seen in Table 5.

	Risk Class
	Description

	A
	Intolerable
	Intolerable, and shall not be accepted. A formally 
delegated person may only accept this risk in 
extraordinary circumstances.

	B
	Undesirable
	Undesirable, and shall only be accepted by the PTL, or equivalent, when further risk reduction is impracticable.

	C
	Tolerable
	Tolerable with the endorsement of the Safety 
Committee if risk is demonstrated to be ALARP.

	D
	Broadly 
Acceptable
	Broadly acceptable, but risk shall be monitored by the 
Safety Committee to ensure that it remains ALARP.
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Although the Risk Assessment in Table 1 includes a Risk Classification for each hazard, a safety justification will be made to ensure that all risks associated with the hazards are discovered and reduced to As Low As Reasonably Practicable (ALARP).  This involves weighing a risk against the time, effort and money needed to control it and is the level to which the HSE expects to see workplace risks controlled.  This is normally done through referring to relevant good practice that has been established over many years.  The decision that the risk has been reduced to ALARP is weighed in favour of health and safety as the presumption is that the duty-holder should implement the risk reduction measure.  Duty-holders must be able to show that it would be grossly disproportionate to the benefits of the risk reduction that would be achieved. [1]  In this report, an ALARP justification will be made for the ‘Misfire leading to an unintentional initiation of OME’ hazard for a 115mm large calibre gun.
[bookmark: _Toc203723533]Scope
For a 115mm Large Calibre Gun one of the main hazards assessed was a ‘Misfire leading to an unintentional initiation of OME’.  This hazard has the potential to cause multiple deaths if not mitigated properly.  This justification aims to show that the hazard of a weapon misfire when the weapon is in use has been reduced to an ALARP level.  This has been achieved by carrying out Hazard Identification techniques for the weapon system then subsequently putting together a series of controls and mitigations which are in place to prevent the consequence.  Each control or mitigation will be systematically evaluated to justify its integrity with supporting evidence and guidance from relevant good practice.  It will then be shown how these risk reduction measures have reduced the risk of the hazard down to an ALARP level.
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To understand the causes of a weapon misfire, it is essential to firstly understand what a misfire is exactly.  A misfire isn’t just a generic term for a gun not firing, it is a specific type of failure tied to the firing sequence.  A misfire occurs when despite all the individual firing components of the gun appear to be in working order, the primer fails to ignite the propellant which provide motive force for the projectile.  This means that the firing pin strikes the primer but for whatever reason the primer fails to ignite the propellant.  There are many reasons for this happening, several of which will be explored. [2]  
The first cause for misfire considered is mechanical issues within the firearm.  One thing causing this could be a weak or broken firing pin thus meaning the primer does not get struck with enough force to ignite, in turn igniting the propellant.  Another cause of this is the round not correctly being seated in the chamber which could be due to operator loading error or obstructions within the breech such as dirt or dust which is to be expected in most operating environments. [3]
Another reason for a weapon misfire is issues with ammunition. There could be issues with the primer itself may it be incorrectly manufactured, contaminated or deteriorated with age.  Another cause could be the storage conditions the primer is kept in.  Exposure to moisture or extreme temperatures can cause explosive elements to lose reliability and performance.  Dropped or damaged rounds may also be the reason for a misfire which if normal operating environments are considered, is feasible. [4]
The third cause identified leading to a misfire is human error.  This was considered as there is human interaction with the weapon all the way through the process.  The ammunition could be loaded incorrectly or loaded with the wrong ammunition which could lead to misfire or worse.  Poor maintenance programme could also lead to misfire as regular inspection and cleaning are essential to prevent mechanical issues.  Failure to follow firing procedures can also cause a misfire and additionally not following misfire procedures can make the consequences even higher. [5]
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The un-mitigated event of a misfire was judged to have the potential to cause multiple deaths due to the unplanned initiation of OME.  This could come to realisation in several ways which cause different types of harm to personnel.  When a gun is fired and the projectile does not fire, it is initially impossible to determine if it was a misfire or a hang fire, a hang fire being that the round initiates but has a delayed effect due to many potential reasons. This has the potential to cause multiple deaths as the operator may lower their guard assuming the weapon to be inoperable or start to disassemble it placing themselves or others directly in the firing line.  [2] [3]
Other severe injuries by blast or fragmentation were also considered as if the OME asset initiates inside the barrel this could cause the gun to shatter and disperse fragmentation over nearby areas.  Also, if a gun operator is close to the weapon they could experience blast effects projecting them into potentially other objects.
Due to the serious nature of the consequences, several substantiated safety measures must be in places to protect personnel and surroundings.
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In the event of a suspected misfire, the gun operator will call a misfire which will start a 30-minute safety wait until any interference with the weapon is taken.   NATO and many military standards recommend 30 minutes for large calibre misfires, so this is seen as relevant good practice. [6]  This time allows for delayed ignitions in the case of a ‘hang fire’ so the gun operators can be certain that there is no initiated charges present in the weapon.  During this team the weapons breech system is not touched, and the gun is pointed downrange maintaining full control of where the barrel is pointing.
Secondly, after the 30 minutes wait period has been adhered to the extraction of a misfired round is a one-man activity.  This immediately brings the Severity of the hazard from Catastrophic down to Critical, see Table 3.  This is because in the case that there was to be an accident involving an operator unloading a misfired round, then the consequences is lessened as only one person is in the weapon danger area.
Another control is that there will be a Standard Operating Procedure (SOP) for misfires specific to the 115mm large calibre gun.  Every organisation must have SOPs for all activities involving explosive ordnance in accordance with DSA03 OME Part 2. [7]  This means that there are specific procedures in place in the event of a misfire which must be followed.  These will outline how to deal with the situation in a safe manner preserving the safety of personnel and surroundings.  These SOPs will also be carried out by trained operators who are Suitably Qualified and Experienced Personnel (SQEP).  This means that they will have carried out training for misfire procedures and know how to detect it and defuse the situation safely, thus bringing the likelihood for the consequence down.  
All operators will also receive a safety brief prior to undertaking firing activities that will outline all the hazards associated with the activity.  Misfires will be covered under this so it will be fresh in the operators’ head how to deal with them safely.  This will include the requirements for resolving misfires, segregation and the disposal of the misfired round.
All these forementioned safety measures are considered ALARP as the cost, time and effort of implementing them does not outweigh the safety benefit achieved through having them in place.
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One control that was evaluated but subsequently deemed as not being ALARP was having an autoloading system for the gun.  This brings several safety benefits as it minimises human contact with the OME.  It controls the potential human error of loading the munition incorrectly which can lead to a misfire whilst also mitigating against the consequence of harm to personnel due to no one being in the weapon danger area.  Despite the safety benefits an autoloader brings, it was deemed as grossly disproportionate to time, effort and cost of implementing and upkeeping it.  This is due to the mechanical complexity of the autoloading system which if it breaks, takes time to fix.  There is also time and money spent training operators on how to use it along with maintenance costs to upkeep the system’s reliability.  Due to this the autoloader was excluded from the ALARP argument for the time being but may be implemented in the future if the technology develops. [8]
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The narrative provided in this justification shows how the risks associated with the hazard of a ‘weapon misfire’ for a 115mm large calibre gun have been reduced to ALARP.  From the Risk Assessment in Table 1, the risk classification has been decreased from ‘Intolerable’ to ‘Tolerable’ through several controls and mitigations.  These safety measures have been explained and substantiated using regulations and legislation along with relevant good practice and engineering judgement.
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