Risk Assessment – large calibre L118 105 mm Gun. 
The number of staff typically operating the gun at one time will be 2 or 3.
	Hazard 
	How could the risk cause harm
	What and who are in harm’s way
	Control measures
	Pre-mitigation risk
	Resididual risk

	
	
	
	
	
	Severity 
	Likelihood
	Rating

	Noise
	During the gun firing the sound wave overpressure could cause damage to peoples hearing

Leading to permanent hearing damage / deafness
	Staff in a relatively close (30 m) vicinity
	1. Staff within the proximity must wear ear defenders to the correct specification (EN 352) [1]
2. Operators of the gun must perform a visual check that staff close are wearing ear protection before the round is loaded into the barrel
3. Staff responsible for using the gun must ensure that a minimum number of people are present for using the gun. But not so few that the use of the weapon is hindered
4. Only fire the gun, when necessary, as instructed by a chain of command
5. When using propellant increments always ensure that the minimum number of increments are used for the task at hand
6. Noise danger training / briefing to new members of staff taking up the role
	High 
	D
	3
	Medium (A)

	Slips, trips and falls
	While moving charges to and from the gun / storage bay. General operations around the gun.

Leading to bumps, grazes, rarely broken bones
	Staff operating the gun
	· A ‘site’ layout map should be generated, and all equipment should be stored in the correct location when not in use
· If a staff member sees something in the wrong location, and it is obvious that it is not being used, they must move it back to the correct location
· When setting up the ‘site’ every effort will be made to minimize objects in a walking area. For example, racking and trolleys should be on the side, and not in the middle of the walkway
	High
	C
	4
	Medium (A)

	Manual Handling
	Staff could incorrectly lift objects causing injuries to various parts of the body. Additionally, staff could drop heavy loads onto their feet
	Staff carrying ammunition to load the gun
	· Staff must have undergone the necessary manual handling training as guided by the health and safety at work act [1]
· Staff must wear safety boots that conform to the EN ISO 20345 standard [3]
· Ensure that all lifts are done in accordance with the lifting and lowering chart shown in figure 1 below. 
· Any lifts that exceed the guidance in figure 1 shall be carried out by 2 or more people, depending on the total weight of the unit
· Staff must have completed the necessary manual handling training 
	High
	C
	3
	Medium (A)

	Pinch Points
	Staff could get fingers / limbs trapped in moving parts of the gun system
	Members of staff responsible for loading the gun with ammunition 
	· When staff are rapidly loading / firing the gun, they must ensure that the loader has all body parts clear of the gun before firing. This can be achieved verbally, or with a signal of two hands in the air
· The person firing the gun must check the loader for ‘hands clear’ signal before firing the gun and sending the round downrange 
· Loaders must be careful to not get fingers / hands trapped under the round when loading. This can be mitigated by the loader having proper training on the correct technique
· The gun must be well maintained to ensure all parts are located in the proper position. This will mitigate against parts being in unexpected places, increasing the risk of pinch points 
	High
	D
	3
	Medium (A)

	Shock wave from gun firing
	Death or serious injury to staff. Potential loss of hearing
	Staff in the vicinity of the gun firing
	· Staff operating the gun, and controlling the area in front of the gun must ensure that no one is in front of the gun (up to 50 m). Within this 50 m distance the risk to staff increases greatly
· Only authorised staff must be in proximity of the gun when it is firing, keeping the number as low as practicable 
· The firer should perform a quick visual check before sending the round downrange, to ensure there is no one in front
· The gun should be positioned in a location where the is considerable distance between it and the next location people are likely to be operating
	High
	E
	2
	Medium (A)

	Unintentional detonation of round in gun
	Death or serious injury to personnel nearby caused by the explosion of the round, fragments created by the round 
	Staff operating the gun 
	· The gun barrel must be well maintained to ensure no build up of propellant components
· Staff must have the appropriate training in order to be part of the gun team
· The gun must only operated according to the standard operating procedure. E.g. not firing the gun too quickly which will allow the barrel to sufficiently cool
· Ensure only ammunition that is compatible with the gun is used 
· Regular gun checks shall be performed to check for cracks / wear and tear 
· Only the maximum number of people deemed necessary will be around the gun during firing. This minimizes the number of potential casualties
	High
	E
	1
	Medium (A)


[image: Figure 1: Manual Lifting and Lowering for Men and Women]
Figure 1 - Lifting Limits [4]
Overall, this activity, when considering only these risks can be considered a Medium (A) risk activity.
In the real world there are likely to be far more hazards present, and so the overall risk rating may change.
The risk assessment and mitigations have successfully reduced the overall risk of the activity from high to medium.
Risk Matrix and Criterion
	
	Probability of likelihood

	
	1 Very Low
	2 Low
	3 Medium
	4 High
	5 Very High

	Severity
	(E) Critical
	Medium (A) 
	Medium (A) 
	High (R)
	High (R)
	High (R)

	
	(D) Severe
	Low (Y)
	Medium (A) 
	Medium (A) 
	High (R)
	High (R)

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

	
	(B) Moderate
	Very Low (G)
	Low (Y)
	Medium (A) 
	Medium (A) 
	Medium (A) 

	
	(A) Minor
	Very Low (G)
	Very Low (G)
	Low (Y)
	Low (Y)
	Medium (A) 



G = Local line management review and authorisation
Y = Local line management review and authorisation
A = Local line management review, HSE review, senior authorisation
R = HS&E review required, top level or delegated authority authorisation 

Severity
Critical – fatality / multiple life changing injury to 3 or more people or 5 mil + damage
Severe – life changing injury, damage 1 – 5 mil
Major - acute injury that can be recovered from, damage 100k – 1 mil
Moderate – injury requiring medical attention, damage 50k - 100 k
Minor – first aid injury, damage between 1 – 50k

Likelihood
5 = 1 in 10
4 = 1 in 100
3 = 1 in 1000
2 = 1 in 10000
1 = 1 in 1 million
ALARP Justification – 1497 words in text below
ALARP Introduction
ALARP, or As Low As Reasonably Practicable is a practice which takes into account the risks of an activity, and weighs it against various factors that are required to control it – examples include cost, time and number of people present for a task. It is a framework set out by the Health and Safety Executive (HSE) [5]. As following ALARP is a fairly subjective process, it is important to learn from previous incidents, so you can easily recognise potential mistakes that you will make – allowing you to better follow the industry best practice. ALARP comes from the Health and Safety at Work act, 1974, which forms the legislative backbone for many of the health and safety framework regulations that cross multiple industries and professions. If a company is following the ALARP principle, then it is critical that all staff members are aware of the method behind it. This is because working safely is everyone’s responsibility, so if everyone is aware of the ALARP principle, then they can all work towards it and maintain a work environment that is as safe as possible. 
Chosen Hazard 
The next section of this short ALARP justification report will focus in on one of the hazards that was identified in the risk assessment above. The report will be based on the ALARP argument structure, which will include the following subheading structures: 
· Risk identification
· The necessity for taking the risk
· The duty holder
· Existing mitigation
· Relevant legislation
· Relevant, recognized good practice 
The hazard that I have chosen to focus in on is noise. This is because it is a well-established hazard, that needs to be considered in many different industries – it is not specific to firing the large calibre L118 105 mm gun. The unique environment of a military situation does provide its own unique risks and consideration, which will be discussed in the report.
Risk ID
As noise can be directly measured, it can be considered as a quantitative risk. This makes prescribing control measures easier in some respects, because as long as you have a number to work towards, you can design PPE, and process around keeping the number to a minimum. Sound can be measured using the decibel or dB scale. It is logarithmic and works by assuming 0 dB is complete silence. The logarithmic scale then means that an increase to 10 dB will equate to a sound 100 times more intense for that at 0 db. 20 dB is therefore 1000 times more intense than 0 dB, and the scale proceeds in this way. It has been found that frequent exposure to sound greater than 85 dB can lead to permanent hearing damage [6]. A 105mm Howitzer can reach up to 147.5 dB [7], which is significantly higher than the 85 dB limit. This therefore poses a considerable risk which the army (in this case) have a legal obligation to try and mitigate.
Why Risk Needs to Be Taken
During conflict, using long range weapons to defeat / pin back enemy targets is of great value. The large calibre L118 105 mm gun provides this long-range support, which will in turn allow infantry to push further, or provides a strong defence against in coming assaults. From this perspective, the use of the artillery will likely outweigh the risks of deciding to not use it, as this may give enemy forces a significant advantage. This in some way is an ALARP justification for using the weapon system, as deploying them when required is a practicable solution to the problem. To summarise, deploying the weapons outweighs the potential risk of death if they are not being used, and therefore defines why the risk needs to be taken.
The Duty Holder
In the air force, duty holders are people appointed to be responsible for the safety, and ensuring that the Risk to Life (RtL) follows an ALARP principle [8]. It is feasible that the army adopts a similar process, which has not been published online. As with most big organisations, the person chiefly responsible for the safety is the person in the most senior position – i.e. the general. The generals will delegate the authority down the chain of command so it may be the squad leader / ranking officer working with the gun that is the duty holder in the case of the large calibre L118 105 mm gun. The duty holder will be supported by past evidence and experience to determine what is ALARP in this situation. For example, a 3-man operating team may be the limit to ensure swift operation, with the minimum number of people in close proximity.
Existing Mitigation
The existing mitigation is the basis of the contents in the appropriate segment of the risk assessment in the previous section. The mitigations that were identified are labelled 1 – 6.
1. Staff within the proximity must wear ear defenders to the correct specification (EN 352) [1]
2. Operators of the gun must perform a visual check that staff close are wearing ear protection before the round is loaded into the barrel
3. Staff responsible for using the gun must ensure that a minimum number of people are present for using the gun. But not so few that the use of the weapon is hindered
4. Only fire the gun, when necessary, as instructed by a chain of command
5. When using propellant increments always ensure that the minimum number of increments are used for the task at hand
6. Noise danger training / briefing to new members of staff taking up the role
Some of these mitigations, such as 1 aim to reduce the overall risk by reducing the severity of the risk itself. Wearing ear defenders decreases the amount of sound energy that reaches in inner ear, and so reduces the severity of the effect of the sound. For example in this case, the severity will be reduced from severe (complete deafness) to major (temporary tinnitus), thus reducing the overall risk. The second mitigation whereby the staff member operating the gun must perform a quick visual check for the people that they can clearly see – making sure they are wearing the PPE is a mitigation that aims to reduce both the likelihood and severity of the risk. If before every time the gun is fired there is a check that everyone is wearing the PPE, then this will reduce the likelihood of risk occurring. Actually wearing reduces the severity, as previously discussed. Mitigation 4, only using the gun when necessary to do so reduces only the likelihood of harm occurring. If the staff were to be irresponsible and use the gun to show other people how it works, then this increases the number of times the gun is fired and so in turn increases the number of times the risk can cause the damage. The controls for this hazard were devised by a knowledge of noise regulations, and by applying some common sense for the best ways to mitigate the risks. For example, only firing the gun when commanded is an obvious way to reduce the likelihood of an accident.
To maintain being ALARP it is important to not overprescribe control measures. Something that was considered, but deemed grossly disproportionate would be to redesign the whole gun system to make it quieter. If the mitigations stated are followed that it should provide a good degree of protection to the risk – redesigning the gun would be too costly for a small benefit, and so would fail the cost benefit analysis.
Relevant Legislation
· The Control of Noise at Work Regulations 2005 – the specific laws regarding protecting staff from noise.
· The Health and Safety at Work Act 1974 – how and why the employer is held responsible for the safety of staff.
· It is likely that there is additional military legislation that covers operational procedure, however this is not open-source information.
Relevant Recognised Good Practice 
According to the U.S DoD, hearing loss is the most common medical issue among veterans [9] with 2.7 millions veterans receiving benefits when the article was published. Clearly this is an important issue that needs to be controlled. One of the manufacturers of hearing PPE was sued by the US government for a multimillion-dollar settlement due to providing defective earplugs [10]. This is an important lesson learned that the PPE should be checked to ensure it is functioning as intended. Doing this shows good practice at mitigating the risk.
In The Future
With advances in technology, it is possible that the artillery gun system will eventually become fully automated (loading, targeting, and firing). This therefore will likely completely remove the noise hazard from the risk assessment for the system – as no one will have to be in close proximity while it is firing. However, it is important to remember that injury to humans is not the only form of risk. As the cost of an automated system goes up, so does the financial risk incurred if there was an accident that destroyed the equipment.
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Figure 1 Lifting and lowering
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