Safety and Hazard assessment (ACDB 5013) – Part 1 Risk assessment - Caspar T-S
Risk assessment of the Avtomat Kalashnikova Model 1947(AK-47)
Scope 
Although risks exist throughout the Manufacture to Target to Disposal (MTD) cycle, this risk assessment is designed to cover the risks associated  during the in-service (target) stage specifically, whilst using the AK47 in a controlled range environment. This specific environment is designed to minimise risks but as described in the below risk assessment, hazards still remain. The assessment aims to identify and then mitigate risks to be as low as reasonably practicable (ALARP).  To categorise the risk, table 1 has been used, comparing severity against likelihood in a Risk Classification Matrix (RCM). Within this matrix A is a high risk hazard and D is a low risk hazard. 
This risk assessment assumes the following
· Only military personnel are intended to be at the range.
· There is at least one range controller that is monitoring the range.
· All personnel will be physically capable of holding and firing the AK-47 rifle. 
· Standard range procedures will be followed, e.g. no one beyond firing point when firing is taking place. 
· The weapon system shall be used in a training environment with no hostile actors acting against those operating the system. 
· The environmental conditions shall be standard – 20-25oC – 50% relative humidity and 1 atmosphere of pressure. 
System description 
The AK-47 is an assault rifle weapon that uses 7.63 x 39mm. The weapon uses a gas operated long stroke piston system that diverts gas from the barrel to push the bolt backward. Once the bolt is back, the piston ejects the spent casing and a spring pushes the bolt forward so another round can be chambered. The weapon uses a standard 30 round magazine assumed full for the purposes of this assessment. 




Risk Classification Matrix 
Risk = Likelihood x Frequency 
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Definition of Likelihood Table 1 [15]

	Descriptor
	Definition

	Incredible
	Extremely unlikely that the event will occur during the life of the system. (<10-7)

	Improbable
	Unlikely, but may exceptionally occur during the life of the system. (10-6 – 10-7)

	Remote
	Likely to occur at some time during the life of the system. (10-5 - 10-6)

	Occasional
	Likely to occur several times during the life of the system. (10-4 - 10-5)

	Probable
	Likely to occur often during the life of the system. (10-3 - 10-4)

	Frequent
	Likely to be continually experienced during the life of the system. (>10-3)






Table 2 [15]

Definition of Severity  
	Category
	Associated personnel (Military)
	Non – Associated Personnel (Civilian)

	Catastrophic
	Multiple Deaths
	Single death or multiple severe injuries

	Critical
	Single death or multiple severe injuries
	Single severe injury or multiple minor injuries

	Marginal
	Single severe injury or multiple minor injuries
	At most a single minor injury or minor occupational illness

	Negligible
	At most a single minor injury or minor occupational illness.
	Any Injury however minor


Table 3 [15]

	Identification of hazards, accidents, causes and mitigations
	Post Controls Risk

	ID
	Hazard
	Hazard Description
	Accident
	Cause
	Cause Description
	Severity
	Frequency
	Risk
	Controls
	Severity
	Frequency
	Risk

	1
	Ammunition Cook off
	Ammunition heats until it reaches the point of deflagration and initiates at an unintended time.

This leads to unintended firing, in a worst-case scenario it could lead to unintended fully automatic firing, leading to an unloading of an entire magazine.
	The firing of one or multiple rounds in an unknown direction at an unintended time.

Leading to between 1-30 casualties, worst case scenario being multiple fatalities of military personnel as well as injuries to other personnel
	Heating of the barrel to a temperature of 160oC [1]
	Prolonged firing leads to the barrel heating. This heats up the bullet in the chamber to a point that the explosive in the casing deflagrates and when the pressure builds up, it fires the bullet down the barrel of the gun 
	Catastrophic
	Improbable
	C
	No periods of prolonged firing using the same weapons system. (this refers to repeated emptying of magazines rather than length of burst firing.  

Additional training on how to identify a weapon that is at risk of cooking its ammunition
	Catastrophic  
	Incredible 
	C

	2
	Ejected cases
	Hot cases are ejected from the breach of the gun after each round has been fired
	The casings ejected are hot and as such can cause burns to uncovered skin and possibly damaged clothing/range equipment. 

There is also the potential for fires should flammable 
materials be left near or on ranges.  
	Casing of the ammunition becomes hot as they are in direct contact with deflagration reaction
	As the piston pushes the casing out it can be ejected at different trajectories each time leading to hot metal flying around the range.
	Marginal 
	Probable 
	B
	Cover all bare skin to avoid contact with hot casing.
Remove all flammable material from the range prior to starting training. 

Training – explaining the risk and how to avoid it e.g. correct firing position.
	Negligible 
	Probable 
	D

	3
	Moving Parts
	When the Ak-47 is operated the bolt and charging handle move from the open and closed position rapidly
	Potential for military personnel to   trap their fingers or catch clothing within these moving parts.
This in severe cases could cause minor injuries but also lead to life changing injuries.  Crush injuries still remain, with the possibility of lost fingers.
	The gas return system moves the bolt backwards.

The spring then returns the bolt forwards.

Human error 

Jam in breach of rifle. 
	The return of the bolt results in a metal charging handle moving rapidly back towards to user

The return spring pushes the bolt forward closing the breach.
	Marginal
	Probable 
	B
	Proper training will ensure that the individual does not put extremities near the bolt or into the breach while the weapon is being operated.

PPE such as gloves may also protect individuals from severe injuries
	Negligible 
	Remote  
	D

	4
	Noise
	The deflagration reaction, while subsonic pushes the bullet to super sonic speeds and the bullet breaks the sound barrier this generates a sonic boom.

Sound generated by AK-47 is around 159dB [2]
	Repeated exposure to sounds above 100db for 15 minutes [3] can cause hearing damage. The volume of a single shot of an Ak-47 round is 159dB and  this can lead to temporary or permeant hearing damage for all military personnel involved at the range.
	The bullet breaking the speed of sound.
	The bullet travels on average at a speed of 715m/s [4]while the speed of sound is 343m/s [5]and so it breaks the sound barrier and generated a sonic boom

Single  exposure to this sound damages the ear
	Critical 
	Frequent 
	A
	All military personnel at the range should be wearing dual ear protection that reduces the sound down to below 95db [3] decibels.
Where possible soldiers will be reduced to 1 hour stints.
Range controllers may be in place for 3-4 hours depending on conditions. Refer to JSP 375 for guidance. 
	Marginal 
	Improbable 
	D

	5
	Range incursion
	If a person enters down range while firing is taking place. 
	If this is a military personnel member there could be a single military fatality. If this is a civilian who is on the ranger that could be a single civilian death.
	Poor range control

Human error 
	If no one is monitoring the entrances to down range then a range incursion is possible.

People ignoring signs and entering a dangerous area. 
	Catastrophic 
	Remote 
	B
	Having range controller’s monitoring access to downrange.
Having appropriate signage warning people of the risk.
Stopping range activities if a incursion is detected.
	Catastrophic 
	Improbable 
	C

	6
	Accidental discharge
	Due to a slip trip or fall, or a poor discipline one or more rounds are unintentionally fired from the weapon
	One or more rounds are fired by a military personnel member in an unknown direction due to accidental discharge. This can lead to one or multiple fatalities depending on the state of the weapon and the reaction of the user.
	Human error 

Gun malfunction causing accidental initiation.

Slipped and squeezed trigger mid fall.
	Accidentally pulling trigger and initiating the firing sequence when not prepared to do so, leading to loss of control of weapon.

A user may be unable to regain control of the weapon until it has ceased firing.
	Catastrophic 
	Occasional 
	A
	Regular training on how to keep weapon safe, e.g. reminder of trigger discipline and when to apply the safety of the weapon.

Ensure appropriate safety discipline: (keeping weapon chamber empty and ensuring safety is on when not firing.  

	Catastrophic
	Improbable 
	C

	7
	Firearm Malfunction 
	The weapon either does not function as intended or functions at an unintended time. 
	Functioning when un intended could lead to one or more fatalities however. 
Lack of function leads to a hang fire and results in the weapon system being in a uncontrolled unsafe state. 
	A possible cause is because of an issue in the storage or maintenance phase of its life. 


	If stored improperly (excessive heat/humidity) parts of the system may rust and decay causing a loss of functionality  
If poorly maintained the weapon could again degrade or could become jammed with debris.
This would cause more hazards in disposal.   
	Critical 
	Occasional 
	C
	The system should be stored in a low humidity temperature-controlled environment. 
After use the weapon should be cleaned and inspected by the armoury controller prior to returning to storage  
	Critical 
	Improbable
	C


Safety and Hazard assessment (ACDB 5013) – Part 2 1500 Word ALARP Statement - Caspar T-S
Introduction 
The above risk assessment highlights some of the different hazards associated with operating an AK-47 in a controlled range environment. While the worst-case scenario identified is multiple fatalities of military personnel or a single civilian death, the likelihood of this was, occasional. In comparison, pre-mitigation the likelihood of someone experiencing the hazard of noise was labelled frequent, due to it being a product of operating the weapon system. British ex-military personnel are 3.5 times more likely to report having hearing issues. [6] This is attributed to a number of different factors, usually being improper personal protective equipment (PPE), a relaxed attitude to hearing loss and human factors such as not using the protection correctly. As seen above the risk of hearing damage has been brought down to risk class D following a number of mitigation strategies. This statement will justify what precautions have been taken and why they are effective. It will also go into why specific routes were not taken and how the risk of hearing damage has been brought down to an as low as reasonably practicable (ALARP) level. 
Relevant legislation 
· Control of Noise at Work Regulations 2005 [7]
· The Management of Health and Safety at Work Regulations 1999 [8]
· Health and Safety at Work Act 1974 [9]
· JSP375 +ANNEX A [10]
Scope
As described in the outline of the scope for the risk assessment, this ALARP statement only covers the use of protection against loud noises in a training environment. It is understood that in combat situation there is an expected risk and the below mitigations will not always be applicable. 



Mitigations 
This statement will deliver a mitigation to the hazard (noise) that is as low as reasonably Practicable. This means that each mitigation has been judged to evaluate the cost, effort or resources, and if deemed impractical, the solution has been dropped.  
As described in the risk assessment the firing of an AK-47 generates a noise of approximately 159dB per shot [2], this well exceeds the value of 85dB, of which noise below is considered safe to be exposed to for a time frame of up to 8 hours [3]. As a result it was deemed that exposure to this sound could cause severe hearing damage with the impact being classified as critical. Initially the accident likelihood was deemed as frequent, the mitigations below allow the likelihood to be reduced to improbable. 
To reduce the risk posed by this hazard the source of the hazard was first examined. One way of modifying the rifle is to add a suppressor. This would allow regular operation of the system and reduce the noise generated by the weapon without dramatically limiting its performance. However, it was discovered that this solution had several unique issues; due to the loose tolerances when manufacturing AK-47s each weapon would require perfect alignment to the system, and this requires a skilled operator and takes time and money. It was also discovered that the cost of an individual suppressor was between $700-1000+. When the cost of the system is combined with the cost of training the users how to attach and operate a suppressor the cost outweighs the benefit. Equally changing the ammunition within the weapon system was considered, possibly altering it to sub sonic ammunition(Ammunition that travels at a subsonic speed and so does not create a sonic boom). When this was considered by a user group it was decided this would also be impractical as it would reduce the effective range and penetration of the round, so it was deemed not acceptable. 
Rather than only examining the weapon system it was also decided that the risk to the user could be mitigated if the personnel wear some kind of ear protection. At this point several different options were considered: in ear ear defence, over ear defence and electronic over ear defence. These three different options all have different costs and benefits. The table below describes 3 different models from one of the leading ear defence manufacturers. From market research it appears to be one of the top value for money companies in this industry and so will be used as a point of reference for this statement.
 
	Type
	Model 
	Cost per unit (£)
	Level of reduction 

	In ear defence 
	3M E-A-R Classic Foam Ear Plugs [11]
	£0.28
	31dB

	Over ear defence 
	3M Peltor Optime III [12]

	£20.39
	35dB

	Smart electronic ear defence 
	3M™ PELTOR™ SportTac™ Headset [13]

	£159.95
	26dB



As above, the cost per unit of the 3 specified options varies dramatically while the level of reduction between each is very minimal. Due to the high cost and low benefit, the electronic over ear protection and was ruled out.
However when looking at the noise reduction, the sound of an AK-47 firing is 159dB while option 1 &2 only reduce the sound by 31 & 35dB, this would mean that if one of these mitigations was used individually the sound would only be reduced to 128 & 124dB. 124 dB is still significant enough to cause immediate permanent damage. By combining both in ear and over ear protection the sound heard will be reduced to 93dB which is just under the threshold for damage after short term exposure (Approximately 50 minutes) [3].  As a result of this, it was decided that to properly protect the users of this system a dual system would have to be used. This system would utilise in ear and over ear systems in conjunction to dramatically reduce the risk. 
Listening to a sound of above 95dB for over 50 minutes increases the risk of hearing damage [3]. However, reducing the time spent at a range to less than 50 minutes of firing would not be practicable for the personnel being trained, for the trainer or for the range controllers.  
As per JSP 375 [10] the Ministry of defence (MOD) require that the average daily/weekly exposure level must not exceed 85dB. Using the daily exposure calculation system with Annex A of JSP375, keeping the exposure below 94dB for 1 hour per day allows for the average  daily exposure to be within the maximum limit (85db per day) and therefore thanks to the mitigations the system is within required regulation. 
According to the regulations and the rule of distance (6db reduction every time the distance from the point of noise is doubled(starting from 10m)), if a range controller can stand 40 meters from the firing point [14], and also have access to dual layers of PPE, the hazard has been reduced enough for the range controller to not be impacted by the hazard.  This is not always practicable and given the diversity in ranges it is likely that range controllers will be restricted to 3-4 hours of range control per day depending on the environment from which they control the range. The conditions of each range will be out of scope and so each range controller is given independent discretion, assuming they have read the relevant guidance. 
Continuous monitoring 
Given that hearing loss is such a significant issue within the community of Ex military personnel, it is justifiable that once a year all military personnel get a hearing check. This hearing check would be able to identify if they have gained any hearing damage within the last 12 months. If an individual is identified as being high risk then they should be given the opportunity to have reduced range time during training to preserve their hearing. 
In the long term the smart electronic ear defence may become more efficient and this solution may need to be revisited as this solution evolves. 
On an industrial level, the procurement agency should be aware of any significant developments in the hearing protection space. This includes monitoring news and procuring equipment that is deemed to be value for money. 


Conclusion 
The risk posed by the noise of operating an AK-47 is powerful enough to rupture ear drums and cause permanent hearing damage, as such it was classed as a category A risk prior to mitigations. After a cost benefit analysis a number of mitigations were generated, this brought the risk down to category D. 
 In summary, those who are on the firing point must NOT be exposed to firing for more than 1 hour per day to be within specified regulation. They must also wear dual layers of ear defence to keep the perceived exposure to a minimum. Finally, those range controllers must distance themselves from the firing point where possible. This is to reduce the impact on themselves and lower the average noise exposure. They should seek to be behind/inside a room from which they can observe range operations and be shielded from the hazard.  
Without taking measures to mitigate the risk posed by excessive noises the personnel involved in this activity are at risk of severe long term irreversible injury. Despite the strict limitations this statement imposes, it is the responsibility of those in charge of the range to make sure that the requirements and recommendations set out in this statement are being adhered to.  
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