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[bookmark: _Toc163829116][bookmark: _Toc179541626]Executive Summary
This document contains a risk assessment in the form of a Hazard and Operability Study (HazOP) and an As Low As Reasonably Practicable (ALARP) Justification for the Avtomat Kalashnikova rifle, more commonly known as the AK-47.
A group exercise was conducted to deliver a Hazard Identification (HazID) and create a Risk Classification Matrix (RCM), from this, 4 hazards were taken forward and a preliminary HazOP was conducted.
In Part 1, the preliminary HazOP was expanded to fully investigate all hazards, accidents and causes. In addition, each cause was given a pre mitigated risk class based on the severity and likelihood of the accident occuring, the risk reduction strategies for each hazard were discussed and the impact shown through the post-mitigated risk class. The risk of every hazard was reduced to at least a C or D risk classification, which are tolerable if ALARP and Broadly Acceptable, respectively, with one exception at a Class B.
In Part 2, a hazard from the expanded HazOP was selected and taken forward for an ALARP justification. The hazard chosen was “Ejected Casings.” A more in-depth analysis of the hazard showed, more accurately, what risks were posed. It was found that there were 2 primary risks, burning from prolonged contact with ejected casing and kinetic impact from brief contact. It was found that personnel within 4m of the user were at greater risk than the user themselves due to the design safety features of the AK-47. Three risk reductions were recommended; PPE, Training (specifically, a 4m perimeter around an active user) and a safety culture in which violation of this perimeter could be openly challenged to protect personnel. Other risk reductions were considered but were discounted either due to the cost being grossly disproportionate to the risk or they would introduce new and greater complications to the weapon system.
With these design controls and risk reductions in place, the risks of the hazard are considered to be ALARP.

[bookmark: _Toc179541627]1 – Risk Assessment
[bookmark: _Toc179541628]	1.1 - Introduction
	Weapon System: 
	Avtomat Kalashnikova (AK-47)

	System Description: 
	The AK-47 is a selective-fire, gas-operated assault rifle. Used for anti-personnel warfare, effective within 350m [1].

	Scope:
	This risk assessment was developed to analyse 5 major hazards of the AK-47. The hazards in question are prevalent in the Manufacture to Target / Disposal Sequence, specifically in an operational setting in a desert environment.

	Assumptions:
	· All end users have no PPE.
· All end users have no weapons training, practical or theoretical.
· The rifle functions as intended.

	Methodology:
	This document follows Acquistion Safety Environmental Management System (ASEMS) Part 2 Guidance, following step SMP04 to SMP08 [2].
Hazards are identified in a group of key stakeholders from start to finish for the MTDS. The group must then decide on credible threats, who would be harmed, how this might occur and to what degree of severity and likelihood this would hold. This will be done by using the 4 tables in Section 1.2. For each cause, a severity and likelihood category will be selected and then the risk category of the cause can be figured out and therefore how tolerable the risk is. Risks Reduction Methods must be considered by seeking controls to reduce the overall risk and mitigations which reduce the level of consequence should an event occur. These measures and their impact on the system are shown by reevaluating the risk and providing a new “post-mitigation” risk classification. Finally, this document should be periodically reviewed to maintain the risk at an ALARP Status and implement new technologies in future.


	
	Minor (1)
	Major (2)
	Critical (3)
	Catastrophic (4)

	Frequent (5)
	C
	B
	A
	A

	Probable (4)
	D
	C
	B
	A

	Occasional (3)
	D
	C
	C
	B

	Remote (2)
	D
	D
	C
	C

	Incredible (1)
	D
	D
	D
	D


[bookmark: _Toc179541629]1.2 – Risk Classification Matrix

	Risk Class
	Definition
	Lower Limit
	Higher Limit

	A
	Intolerable
	15
	20

	B
	Undesirable, Tolerable if ALARP
	10
	14

	C
	Tolerable if ALARP
	5
	9

	D
	Broadly Acceptable
	1
	4








	Severity

	Minor
	Minor Injury

	Major
	Major Injury, Multiple Minor Injuries

	Critical
	One Death, Multiple Major Injuries

	Catastrophic
	Multiple Deaths


	Likelihood

	Frequent
	1-1000

	Probable
	1000-10000

	Occasional
	10000-100000

	Remote
	100000-1000000

	Incredible
	1000000+
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	Hazard No.
	Hazard
	Description
	Accident No.
	Accident
	Cause No.
	Cause

	H1
	Recoil
	Gas leaving barrel after firing causes barrel position to shift.
	A1
	Major Injury to eye
	C1
	Poorly controlled recoil causes sight of rifle to make contact with end user’s eye.

	
	
	
	A2
	Muscular Pain
	C2
	Poorly controlled recoil causes.

	H2
	Ejected Casings
	Small Arms casings fired from weapon comes into contact with personnel
	A3
	3rd degree burns to personnel
	C3
	Ejected casings makes prolonged contact with personnel.

	
	
	
	A4
	Bruising
	C4
	Ejected casings makes brief contact with personnel.

	H3
	Inadvertent Firing
	Human error leading to indirect firing of gun
	A5
	Multiple Deaths
	C5
	Weapon is accidentally discharged while personnel handling rifle. Discharged rounds critically hit personnel.

	
	
	
	
	
	C6
	Weapon is accidentally discharged from drop and impact. Discharged rounds critically hit personnel.

	
	
	
	A6
	Severe Injury
	C7
	Weapon is accidentally discharged while personnel handling rifle. Discharged rounds hurt or narrowly miss personnel.

	
	
	
	
	
	C8
	Weapon is accidentally discharged from drop and impact. Discharged rounds hurt or narrowly miss personnel.

	H4
	Hot Barrel
	Build-up of heat from use of weapon

	A3
	3rd degree burns to personnel
	C9
	Personnel touches hot barrel after repeated use of the weapon.
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	[bookmark: _Hlk179496091]Hazard No.
	Hazard
	Accident No.
	Cause No.
	Severity
	Likelihood
	Risk Class
	Risk Reduction
	Post Mitigated Severity
	Post Mitigation Likelihood
	Post Mitigation Risk Class

	H1
	Recoil
	A1
	C1
	2
	5
	B
	· Training and experience with rifle
· Equipment - Grip, Stock, Muzzle Brake, Stand
·  PPE – Gloves and Glasses
	2
	4
	C

	
	
	A2
	C2
	1
	5
	C
	
	1
	4
	D

	H2
	Ejected casings
	A3
	C3
	2
	5
	B
	· Training – Firing Perimeter between troops, staggered formation
· PPE – Gloves and Glasses
· Strong Safety Culture
	2
	3
	C

	
	
	A4
	C4
	1
	5
	C
	
	1
	3
	D

	H3
	Inadvertent Firing
	A5
	C5
	4
	5
	A
	· PPE – Body armour and Ear Defenders
· Strong Safety Culture
· Training and experience with rifle
· Equipment – Rifle sling
	4
	3
	B

	
	
	
	C6
	4
	4
	A
	
	4
	2
	C

	
	
	A6
	C7
C8
	2
	5
	B
	
	1
	3
	D

	
	
	
	
	2
	4
	C
	
	1
	2
	D

	H4
	Hot Barrel
	A3
	C9
	2
	4
	C
	· Use of semi-automatic mode
· PPE – Gloves
	1
	3
	D
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[bookmark: _Toc179541633]2.1 – Introduction
The principle of ALARP suggests that any risks of a hazard must be reduced to the point where the cost, whether it be monetary, timely or effort must be grossly disproportionate to the level of risk that that hazard presents [3]. 
In defence, it is a requirement that all risks are reduced to a level which is both tolerable and ALARP [4]. JSP815 sets this out as a part of 1 of its 12 elements of an effective safety management system [5].
This document will provide evidence that the risks from the hazard “Ejected Casings” is considered both tolerable and As Low As Reasonably Practicable (ALARP). The hazard will be discussed, and the pre-mitigated risk state shown. The existing controls that reduce risk within the system will be identified before the recommended mitigations are provided and their impact on the risk state explored. The discounted mitigations are as significant as the implemented mitigations and the justifications for their discontinuation will be provided. All decisions for inclusion or exclusion will be justified. Finally, a strategy for the maintenance and implementation of future controls will be outlined.

[bookmark: _Toc179541634]2.2 - Hazard Description 
The AK-47 primarily uses 7.62x39 ammunition [6]. When the weapon is fired, the casing is ejected from the rifle via a piston using expanded gases from the burnt propellant held inside the casing. The piston forces the bolt carrier of the weapon back which drags the round back to its original position above the magazine. However, the casing will come into contact with the ejector, a metal notch inside the rifle which when hit will cause the casing to be released from the rifle. This occurs every time the weapon is fired.
These casings have the potential to hit the rifle’s user, if incorrectly handled, as well as nearby personnel, direct or otherwise. The standard magazine contains 30 rounds which may be fired allows for 600 rounds per minute in the fully automatic fire setting [7]. 
The effective range of this hazard can be calculated at 3.62m [8] using an initial velocity of 5 ms-1 [9], a launch angle of 45⁰ and an initial height of 1.5m.
The ejected shell can travel up to 5 meters per second, this could potentially, through kinetic impact, cause a minor injury. 
The casings are made with a low carbon steel [10] which has a thermal conductivity of 43 W/mK at 20⁰C [11]. To sustain a 3rd degree burn from water, which has a thermal conductivity of 0.6 W/mK at 20⁰C [12], skin only needs to be exposed to 60C water for 5 seconds [13]. The steels much higher thermal conductivity means that at the same temperature it would only take a fraction of a section of contact with skin to cause a 3rd degree burns at the site of contact, a major injury.
[bookmark: _Toc179541635]2.3 - Pre-Mitigation Risk Assessment
Table 1 shows the Pre-Mitigation Risk Assessment.
	Hazard No.
	Hazard
	Accident No.
	Cause No.
	Severity
	Likelihood
	Risk Class

	H2
	Ejected casings
	A3
	C3
	2
	5
	B

	
	
	A4
	C4
	1
	5
	C


[bookmark: _Toc179538292]Table 1 - Pre-Mitigation Risk Assessment
[bookmark: _Toc179541636]2.4 – Existing Controls
The original design causes casings to be ejected on an axis perpendicular to the barrel of the rifle at an angle of 45⁰ to the right [14]. This significantly reduces the likelihood of any casings coming into contact with the rifle’s user as a projectile launched at 45⁰ will create the furthest distance between the projectile and its origin point, which in this case is the rifle’s user. However, this feature does not protect nearby personnel from the hazardous ejected casings. In fact, it solidifies the threat to others.
In addition, the AK-47 ejects its rounds in the right-hand direction of the barrel when held correctly. Since most personnel are right-handed, this design feature further reduces the likelihood of contact of casings with the rifle’s user as the user would have to be holding the rifle incorrectly in order for this hazard to be realised.
[bookmark: _Toc179541637]2.5 - Hierarchy of Controls and Recommended Mitigations 
[bookmark: _Toc179541638]		2.5.1 – ERICPD Methodology
Shown in table 2, the hierarchy of controls methodology [15] was utilised to consider each possible method of reducing the risk of ejected casings. 
	Strategy
	Solution

	Eliminate
	Casings cannot be eliminated as they are integral to the firing mechanism of the round.

	Reduce
	Casings cannot be reduced as each round must have a case.


	Isolate
	Casings could be isolated.

	Control
	Casings themselves cannot be controlled but the Safe Systems of Work around them.

	PPE
	Personnel could be fitted with PPE to protect against this hazard.

	Discipline
	A strong safety culture will reinforce challenges to unsafe behaviour.


[bookmark: _Toc179538293]Table 2 - ERICPD
[bookmark: _Toc179541639]		2.5.2 – Final Recommendations
There were 3 risk reduction methods that can be recommended to reduce the risk to an ALARP status.
Firstly, PPE would be issued when using this weapon to reduce the overall surface area of skin that could be impacted by a casing, whether this is brief or prolonged as PPE would cause any kinetic impact to be more spread out and heat to be transferred to the material rather than personnel’s skin.
Next, the casing can travel up to 3.62m from the weapon system so a 4m perimeter of an active user would be implemented in training to significantly reduce the likelihood of contact between personnel and an ejected casing.
Finally, a strong safety culture would allow users to openly challenge unsafe behaviours such as the violation of a 4m perimeter around an active shooter.
[bookmark: _Toc179541640]2.6 - Post-Mitigation Risk Assessment
Table 3 shows the Post-Mitigation Risk Assessment.
	Hazard No.
	Hazard
	Accident No.
	Cause No.
	Severity
	Likelihood
	Risk Class
	Risk Reduction
	Post Mitigated Severity
	Post Mitigation Likelihood
	Post Mitigation Risk Class

	H2
	Ejected casings
	A3
	C3
	2
	5
	B
	1. Training – Firing Perimeter between troops
2. PPE – Gloves
3. Safety Culture
	2
	3
	C

	
	
	A4
	C4
	1
	5
	C
	
	1
	3
	D


[bookmark: _Toc179538294]Table 3 - Post-Mitigation Risk Assessment
[bookmark: _Toc179541641]2.7 - Discounted Mitigations
There were 3 mitigations that were discounted due to the gross disproportionality of implementation relative to the risk presented.
The first discounted mitigation was a box covering the ejection port to catch casings as they are ejected from the system. This would eliminate the risk of the shell casings coming into contact with the user as they would be contained and the materials from the casings could be recycled. However, this was considered impractical as the box would need to be large to hold all the casings being deposited. This adds extra weight to the weapon compromising its balance and would need to be changed often.
A casing deflector to redirect the casing’s ejection and therefore reduce the distance travelled by the casing. This method has issues as the material to achieve this will need to take repeated hits and therefore be inflexible enough to not bend. Most materials that could accomplish this are dense and would upset the balance of the weapon. Over time, the angle of a deflector would change due to the repeated collisions with the hot casing, making it an unreliable solution. A similar issue with blocking the sight also arises. 
Finally, a cooling mechanism for bullets prior to ejection was considered. This would reduce the likelihood of the more severe injury, however, such a mechanism would involve carrying more equipment would also involve using expensive materials to quickly cool the casing prior to ejection making the cost likely to be grossly disproportionate to the risk of the hazard.
[bookmark: _Toc179541642]2.8 – Moving Forward 
[bookmark: _Toc179541643]		2.8.1 - Maintenance of Current Mitigations
Moving forward it is advised that key stakeholders periodically review this risk, ensuring the continued integrity of this ALARP status. This may allow new technologies to be considered and brought into service is the cost is not grossly disproportionate to the risk.
[bookmark: _Toc179541644]		2.8.2 - Implementation of Future Mitigations
In addition to the periodic review of risk, emergent technologies must always be considered as these may provide risk reduction measures which have a lower cost to implement and may be more effective than previous solutions. Personnel reviewing the ALARP status of risks should also be using extant documentation and relevant good practice as this will ensure compliance with relevant regulatory requirements and legislation.
[bookmark: _Toc179541645]2.9 - Conclusion
In the case of the hazard, “Ejected Casings,” two main hazards were identified which threatened the rifle’s user and other personnel within 4m of a user actively firing their rifle. The first hazard was a minor injury threat to personnel through kinetic impact of an ejected casing. The second hazard was a major injury threat to personnel in the form of 3rd degree burns to the skin due to prolonged contact with the ejected casing. 
Two controls were built into the design of the weapon which significantly reduce the likelihood of contact between the user and the ejected casings. Firstly, the casings are released at ~45⁰ which will create the greatest possible distance between the user and the ejected casing. Secondly, the casings are ejected to the right-hand side of the weapon meaning that, if the rifle is held correctly, the casing is very unlikely to make contact with the user.
Two risk reductions were recommended to make the risk ALARP. Firstly, the prescription of appropriate clothing and PPE to all users. This will include gloves and as little exposed skin as is reasonably practicable. The second measure is training, more specifically, the implementation of a perimeter around an actively firing user of 4m will significantly reduce the risk of casings coming into contact with personnel as this is the maximum distance the casing will travel.
With these controls and mitigations in place, the risks of the hazard are now considered ALARP.






3 - References

[1] 	D. Isby, Weapons and Tactics of the Soviet Army, Janes Information Group, 1981. 
[2] 	ASEMS, “www.asems.mod.uk,” [Online]. Available: https://www.asems.mod.uk/guidance/posms. [Accessed 11 October 2024].
[3] 	HSE, “HSE.gov,” [Online]. Available: https://www.hse.gov.uk/enforce/expert/alarpglance.htm. [Accessed 11 October 2024].
[4] 	Secretary of State for Defence, 2 January 2024. [Online]. Available: https://assets.publishing.service.gov.uk/media/6595330c01760d00135cf9d4/Sofs_HSE_in_Defence_Policy_Statement.pdf. [Accessed 11 October 2024].
[5] 	Ministry of Defence, September 2024. [Online]. Available: https://assets.publishing.service.gov.uk/media/66f14a2276558d051527abc6/Defence_Safety_Management_System__SMS__Framework__JSP_815_.pdf. [Accessed 11 October 2024].
[6] 	B. Stilwell, 11 August 2020. [Online]. Available: https://www.military.com/off-duty/ak-47-all-about.html. [Accessed 11 October 2024].
[7] 	Wikipedia, “Wikipedia,” [Online]. Available: https://en.wikipedia.org/wiki/AK-47. [Accessed 11 October 2024].
[8] 	omnicalculator.com, “omnicalculator.com,” [Online]. Available: https://www.omnicalculator.com/physics/projectile-motion. [Accessed 11 October 2024].
[9] 	M. Chandler, “quora.com,” [Online]. Available: https://www.quora.com/Whats-the-velocity-of-a-spent-casing-that-gets-ejected-from-a-gun#:~:text=a%20gun%3F%20%2D%20Quora-,What's%20the%20velocity%20of%20a%20spent,gets%20ejected%20from%20a%20gun%3F&text=Spent%20casings%20only%20travel%20about,a%20few%20fe. [Accessed 11 October 2024].
[10] 	CPNI, June 2019. [Online]. Available: https://www.npsa.gov.uk/system/files/documents/55/28/Ballistic_Testing_AK47_June2019_v3.pdf. [Accessed 11 October 2024].
[11] 	engineeringtoolbox.com, [Online]. Available: https://www.engineeringtoolbox.com/thermal-conductivity-metals-d_858.html. [Accessed 11 October 2024].
[12] 	Thermtest, 11 February 2021. [Online]. Available: https://thermtest.se/thermal-conductivity-of-water#:~:text=Introduction,(DIUF)%20water%20is%20used.. [Accessed 11 October 2024].
[13] 	antiscald.com, [Online]. Available: https://antiscald.com/index.php?route=information/information&information_id=15#:~:text=In%201992%2C%2013%20children%20ages,from%20scald%20burn%2Drelated%20injuries.&text=(response%20time%20is%20less%20than,water%20of%20140%C2%B0F.. [Accessed 11 October 2024].
[14] 	B. Herrera, “Youtube.com,” 15 September 2021. [Online]. Available: https://www.youtube.com/watch?v=oPVix-GOg1E. [Accessed 11 October 2024].
[15] 	OSHA, “osha.gov,” [Online]. Available: https://www.osha.gov/sites/default/files/Hierarchy_of_Controls_02.01.23_form_508_2.pdf. [Accessed 11 October 2024].



image1.png




