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[bookmark: _Toc203742478]Abstract
Hazard Assessment of the AK-47 being utilized in a planned range exorcise. Followed by an extended As Low As Reasonably Practicable (ALARP) argument for the hazard of negligent discharge.



[bookmark: _Toc203742479]Part 1 – Risk Assessment
[bookmark: _Toc203742480]1.1 – System Description
The AK-47 (Avtomat Kalashnikova 1947) rifle is a mass produced, and widely utilised firearm designed in the Soviet Union. The system consists of a simplistic design. The weapon can fire both fully-automatically and semi-automatically with a fire mode selector to toggle between the two. Most commonly, the weapon is ammunitioned from a 30-round magazine loaded in front of the trigger. There is a gas chamber to reload the weapon with the next bullet via a rotating bolt system. Typically, the weapon is constructed with iron sights but has the capability to host attachments such as optics. There have been a large number of manufacturers of the system over its in-service life resulting in many variations in quality and design.
[bookmark: _Toc203742481]1.2 – Scope
This risk assessment considers the planned use of an AK-47 Rifle on an appropriate range. 
Outside of the scope is the manufacture, storage, transportation and disposal of the system.
[bookmark: _Toc203742482]1.3 – Hazards
All hazards are categorized using the ASEMS hazard classifications [ANNEX A – Hazard Classification Matrix] [1].
[bookmark: _Toc203742483]1.3.1 – Haz-01 Pre-Risk Reduction
Hazard: Heat (from firing)
Cause: High temperatures produced when firing the weapon due to the propellant deflagrating.
Accident: High temperatures can result in burns if the user is in contact with heated parts. Another less likely consequence would be for the bullet currently in the chamber to be influenced by the heat to initiate without consent from the user.
Risk Before Reduction: C (occasional, marginal)
[bookmark: _Toc203742484]1.3.2 – Haz-02 Pre-Risk Reduction
Hazard: The mechanism of the bolt and loading a magazine are a hazard necessary for the firearm to function.
Cause: Using the weapon either for firing or loading will require parts such as the bolt and magazine to move.
Accident: Lacerations or broken fingers in extreme cases caused by the improper handling of the weapon.
Risk Before Reduction: B (probable, marginal)
[bookmark: _Toc203742485]1.3.3 – Haz-03 Pre-Risk Reduction
Hazard: Ejected cases.
Cause: Firing the weapon will eject spent cases with force while they are hot.
Accident: Ejected cases pose a burn threat to the user and danger of ignition to any flammable material surrounding the firing area. Projectile danger to people in the immediate vicinity due to the force they are removed from the barrel.
Risk Before Reduction: B (probable, marginal)
[bookmark: _Toc203742486]1.3.4 – Haz-04 Pre-Risk Reduction
Hazard: Recoil.
Cause: Firing the weapon.
Accident: Blunt force impact on the user if improper technique used, loss of weapon control if the user is inexperienced therefore posing a danger to others in the vicinity.
Risk Before Reduction: C (negligible, frequent)
[bookmark: _Toc203742487]1.3.5 – Haz-05 Pre-Risk Reduction
Hazard: Toxic Gases.
Cause: Gases produced when firing can be toxic depending on the exact propellants used [2]. These can build up if present in a poorly ventilated space.
Accident: Inhalation of toxic or carcinogenic substances leading to asphyxiation in a worst case or long-term health defects if repeatedly inhaled over a long period.
Risk Before Reduction: C (remote, critical)
[bookmark: _Toc203742488]1.3.6 – Haz-06 Pre-Risk Reduction
Hazard: Projectile.
Cause: Improper use of the weapon or a malfunction such as a hang fire leading to an unwanted discharge of the projectile.
Accident: Bullet wound leading to bleeding, severe damage or a fatality.
Risk Before Reduction: C (catastrophic, remote)
[bookmark: _Toc203742489]1.3.7 – Haz-07 Pre-Risk Reduction
Hazard: Richochet (bullet or fragmentation)
Cause: Projectile deflects off of a physical object leading to an unintended trajectory or strikes an object leading fragments to disperse at high velocity in unintended directions.
Accident: Person is shot leading to bleeding, severe damage or a fatality. Lacerations.
Risk Before Reduction: C (occasional, marginal)
[bookmark: _Toc203742490]1.3.8 – Haz-08 Pre-Risk Reduction
Hazard: Dropping (of the rifle or magazine).
Cause: Loss of grip, accidental magazine discharge or human error.
Accident: Crush injury, blunt force trauma or accidental discharge potentially causing a bullet wound.
Risk Before Reduction: C (occasional, marginal)
[bookmark: _Toc203742491]1.3.9 – Haz-09 Pre-Risk Reduction
Hazard: Hang Fire.
Cause: Poor quality ammunition or a failure of the firing mechanism.
Accident: Bullet wound, fatality, damage to environment.
Risk Before Reduction: C (improbable, critical)
[bookmark: _Toc203742492]1.3.10 – Haz-10 Pre-Risk Reduction
Hazard: Negligent Discharge.
Cause: Poor training, human error, dropping the weapon.
Accident: Bullet wound, fatality or damage to the facility.
Risk Before Reduction: A (occasional, catastrophic)
[bookmark: _Toc203742493]1.3.11 – Haz-11 Pre-Risk Reduction
Hazard: Barrel Breach.
Cause: Poor quality ammunition outputting more force than intended or poor build quality of the rifle.
Accident: Firearm damaged likely leading to fragmentation injuries such as lacerations.
Risk Before Reduction: C (improbable, critical)
[bookmark: _Toc203742494]1.3.12 – Haz-12 Pre-Risk Reduction
Hazard: Noise (loud).
Cause: Firing the weapon produces loud noise.
Accident: Hearing loss.
Risk Before Reduction: B (frequent, marginal)
[bookmark: _Toc203742495]1.3.13 – Haz-13 Pre-Risk Reduction
Hazard: Range Incursion.
Cause: Unauthorised person in the designated firing line (either malicious or accidental).
Accident: Bullet wound or fatality.
Risk Before Reduction: A (occasional, catastrophic)

[bookmark: _Toc203742496]1.3.14 – Haz-14 Pre-Risk Reduction
Hazard: Slips, Trips & Falls
Cause: Unsuitable floor, obstacles or human error.
Accident: Minor injury, blunt force trauma, lacerations or negligent discharge.
Risk Before Reduction: B (occasional, critical)
[bookmark: _Toc203742497]1.4 – Mitigations / Controls
[bookmark: _Toc203742498]1.4.1 – Haz-01
To control heat a set of range rules can be devised to restrict the frequency of firing the weapon to allow the built-up thermal energy to dissipate naturally. Also, ensure any flammable material is removed from the area. To mitigate, supply safety gloves to all users involved with the weapon to prevent burns on the hands as they are most likely to be in contact with the heated elements.
Risk Post Reduction: D (improbable, marginal)
[bookmark: _Toc203742499]1.4.1 – Haz-02
To control moving parts, ensure all users are properly drilled in the appropriate handling of the firearm. This will reduce human errors which cause injuries related to the moving parts. As a mitigation, ensure first aid supplies and those trained to use them are present. Also, safety gloves being provided will reduce the consequence of getting fingers trapped in moving parts.
Risk Post Reduction: D (negligible, remote)
[bookmark: _Toc203742500]1.4.1 – Haz-03
Ejected Cases can be controlled by having a designated area around the personnel using the weapon to remove any chance of stray casings injuring bystanders. To mitigate any consequence, long sleeves and safety eye wear should be worn by all users to prevent lacerations and eye damage.
Risk Post Reduction: D (occasional, negligible)
[bookmark: _Toc203742501]1.4.1 – Haz-04
To control recoil, appropriate training and experience should be given to all users of the weapon prior to firing. This will provide suitable technique and reduce the chance of human error. To mitigate any consequences of recoil, ensure a first aid professional is available to help should an injury occur.
Risk Post Reduction: D (improbable, negligible)
[bookmark: _Toc203742502]1.4.1 – Haz-05
To control toxic gases generated by the weapon, research the type of propellant used in the ammunition. If it is lead based, then it will have negative health effects on anyone who breaths in too much. Ensure that the area the firing is taking place from is well ventilated if not open as this will disperse the gases reducing the quantity personnel are exposed to. To mitigate the issue, provide all personnel with breathing filters to prevent harmful materials passing into their bodies.
Risk Post Reduction: D (marginal, improbable)
[bookmark: _Toc203742503]1.4.1 – Haz-06
To control the risk of a projectile striking a person, establish clear procedures for where people are permitted and where the firearms can be pointed. This reduces the opportunities for a human error to lead to a projectile striking a person. Also make sure all users of the weapons are appropriately trained. To mitigate have all personnel briefed on how to stop the activity quickly should an emergency occur and ensure a medical professional is available to administer aid if needed.
Risk Post Reduction: C (improbable, critical)
[bookmark: _Toc203742504]1.4.1 – Haz-07
The risk of ricochets can be controlled by placing all personnel behind adequate hard cover to absorb fragments. Make sure that ‘down-range’ is clear of all people in a distance appropriate for the potential maximum ranges of the AK-47. To mitigate, ensure all personnel are wearing safety eye wear and helmets. This will protect the most vulnerable parts of the body from unexpected fragmentation.
Risk Post Reduction: D (occasional, negligible)
[bookmark: _Toc203742505]1.4.1 – Haz-08
Dropping the weapon or magazine can be controlled by utilizing the weapon while prone or on a surface as to make it impossible to drop. Ensure all users are well trained to reduce the likelihood of items being dropped through inexperience. To reduce impact if items are dropped, mandate steel toe shoes while on the range.
Risk Post Reduction: D (remote, negligible)
[bookmark: _Toc203742506]1.4.1 – Haz-09
Hang Fires can be controlled by verifying the integrity of the ammunition prior to use. If the containers were improperly stored or past their disposal date, then irregularities may appear in the performance. All users must be trained for such eventualities. Ensure the rifles are well maintained and stored to reduce the chance of a firing mechanism failure. To control an instance of a hang fire, have a procedure in place for the user to safely deal with it (e.g. keep it pointed down range at all times and give it time to see if it will have a delayed initiation).
Risk Post Reduction: D (improbable, negligible)
[bookmark: _Toc203742507]1.4.1 – Haz-10
Negligent discharge is primarily caused by inexperience so to control the risk, provide adequate training to all users with a focus on safety so that the likelihood of a discharge at an unintended time is far lower. To mitigate a negligent discharge, ensure that all operations come to an immediate stop and a first aid professional is available should it be necessary.
Risk Post Reduction: C (improbable, critical)
[bookmark: _Toc203742508]1.4.1 – Haz-11
To control the risk of barrel breach occurring, have the rifles inspected for wear and damage prior to use to remove equipment which is likely to fail.
Risk Post Reduction: D (incredible, critical)
[bookmark: _Toc203742509]1.4.1 – Haz-12
Noise will damage the hearing of anyone too close to the weapon when it fires. To mitigate this risk, make all personnel wear ear defenders for the duration of any operations.
Risk Post Reduction: D (improbable, marginal)
[bookmark: _Toc203742510]1.4.1 – Haz-13
The risk of range incursion can be controlled by establishing a clear and not easily passable cordon with appropriate signage to denote the area with danger. Have observers monitoring the area to sound an alarm to halt operations should someone be in a dangerous area.
Risk Post Reduction: D (incredible, critical)
[bookmark: _Toc203742511]1.4.1 – Haz-14
To control the risk of slips, trips and falls, have the ground prepared to be level, non-slip and free from obstacles such as boxes and trailing wires. Conduct an observation of the area prior to beginning operations. Ensure personnel can see where they are going at all times. To mitigate the risk of such an event, have personnel wear appropriate footwear.
Risk Post Reduction: D (improbable, marginal)
[bookmark: _Toc203742512]1.5 – Haz Summary
[bookmark: _Toc203742418]Table 1 - Summary of Hazards
	Hazard
	Before Risk Reduction
	Post Risk Reduction

	Haz-01
	C
	D

	Haz-02
	B
	D

	Haz-03
	B
	D

	Haz-04
	C
	D

	Haz-05
	C
	D

	Haz-06
	B
	C

	Haz-07
	C
	D

	Haz-08
	C
	D

	Haz-09
	C
	D

	Haz-10
	A
	C

	Haz-11
	C
	D

	Haz-12
	B
	D

	Haz-13
	A
	D

	Haz-14
	B
	D





[bookmark: _Toc203742513]Part 2 – ALARP Justification – Negligent Discharge
[bookmark: _Toc203742514]2.1 – Purpose
This argument will make the ALARP case for the negligent discharge hazard. By the end the reader should be confident that everything which can be reasonably done to reduce the risk has been and that if any risk still exists that appropriate mitigations are in place to achieve confidence.
[bookmark: _Toc203742515]2.2 – Scope
This hazard is considered in the context of a planned live firing event on a designated range with appropriate certification and oversight (in accordance with JSP 403 [3] and the Health & Safety Executive (HSE) standards)
This argument does not consider the manufacture, transport or disposal of the AK-47.
[bookmark: _Toc203742516]2.3 – Hazard Description
While using a firearm, there are a number or reasons that can lead to involuntary discharge of the weapon in an undesired direction. This poses danger to the user and anyone within range in any direction around the user. 
[bookmark: _Toc203742517]2.4 – Causes
The causes for a negligent discharge are numerous:
· Firing mechanism malfunction may cause the weapon to fire without any input from the user. In this situation, though unlikely, if a bullet is in the chamber, then there is potential for it to be discharged. Alternatively, there may be a runaway gun event where the firing mechanism is unable to stop until the magazine runs out of bullets. This eventuality has a high potential for the user to lose control of the weapon due to the recoil that would suddenly be experienced.
· High temperatures have the potential to cook off the bullet currently within the barrel which leads to the propellant being initiated without the firing mechanism’s input. For this to happen, it is likely that the weapon has been firing for a prolonged period of time with a high rate of fire leading to thermal energy produced in the deflagration of the propellant building up in the metal components of the weapon. This then acts as the activation energy for the chambered bullet.
· Insufficient training would lead to a user who does not understand the mechanism of the weapon they are operating potentially leading to a misunderstanding of how to safely load, fire and unload the weapon. A misunderstanding of the safety features could also be catastrophic if paired with another accident by making the weapon far easier to initiate.
· As a result of another accident. If the user trips, slips or falls due to disadvantageous aspects of the environment then the weapon may be initiated suddenly either by the user accidently or by a sharp impact into an object or surface. This could jolt the firing mechanism and set off the gun.
[bookmark: _Toc203742518]2.5 – Accidents
Possible accidents that could be the outcome of one of the causes:
· Startled user drops the weapon posing a danger to their own feet and giving it the potential to initiate a second time due to the impact of hitting the floor.
· The user loses control over the weapon (either due to recoil or absent mindedness) leading to it no longer being pointed down range posing a threat to other personnel.
· A bullet could hit someone leading to minor damage, bleeding, organ damage and even death.
· The inadvertently discharged bullet could impact something in the environment leading to fragmentation being spread onto people. This would then lead to lacerations, minor injuries and major injuries. As well as this there could be hazardous items in the environment such as a gas bottle which if impacted by a bullet would pose a significant threat to anyone nearby.
[bookmark: _Toc203742519]2.6 – Risk Before Reduction
Using the ASEMS Risk Classification Matrix, the overall risk of a negligent discharge is Cat A (occasional, catastrophic).
This is because the frequency of a negligent discharge before any controls are in place can be deemed as occasional meaning something that is likely to happen in the system’s lifetime (10-2 > p >= 10-3). It is catastrophic because the potential for multiple fatalities is present before any mitigations or controls are considered. A runaway gun out of control of the user has high lethal potential in an enclosed space with a high density of people.
[bookmark: _Toc203742520]2.7 – Controls
The following are potential controls to reduce the risk with reasoning explaining why they were accepted or rejected:
· Training: to counter the fact that inexperience or a lack of understanding are leading reasons for a negligent discharge ensuring that all users of the weapon are familiar with the system and especially familiar with how to handle it safely. Trigger discipline and treating a firearm as if always loaded. This should be accepted as a control to prevent anyone without proper understanding from handling a weapon. 
· Create a clear and safe environment from which to operate the weapons: This controls the risk of the user tripping on discarded items or uneven ground therefore reducing the chance of a primary accident leading to a negligent discharge as a consequence. Verify there are no dangerous substances in the such as pressurised gas bottles which could be vulnerable to impact. The time and resources to achieve this control are minimal and it should therefore be always incorporated.
· Inspect the rifles before use: The rifles should be checked by a suitably qualified and experienced person to determine if they are fit for use and to discern any damage to the firing mechanism which could pose a danger. This would reduce the risk of any firing mechanisms triggering the weapon without the user’s consent. The resources cost of doing this is negligible but this would add time to the process of carrying out any operations on the range. Despite this, it should be carried out as due diligence.
· Remove humans from the situation: People could set the weapon up in a stand and have it remotely operated without having to be present. With no people nearby if the weapon were to discharge unintentionally and being secured in place so not having a risk of losing control mean that the risk posed to the personnel reduces to none for the duration of the operation until the weapon needs to be retrieved. However, a system designed for this purpose would be extremely costly and likely slow the processes of using the AK-47 on the range down significantly. The benefits offered by this solution do not outweigh the costs in both expense and time required.
[bookmark: _Toc203742521]2.7 – Mitigations
· Have first aid trained professionals and equipment on site: This will ensure that should an incident occur with an injury resulting from negligent discharge then life saving aid can be administered. This is a legal requirement of the HSE according to the Health and Safety (First Aid) Regulations 1981 [4] as such must be incorporated as a mitigation.
· Train all personnel on what to do if a negligent discharge occurs: If a weapon fires unintentionally then all personnel must be able to quickly halt operations and assess if anyone is injured and if there is an active threat posed by the weapon responsible. This will quickly make the dangerous situation safe and ensure that anyone who needs medical attention can receive it promptly.
· 
[bookmark: _Toc203742522]2.8 – Conclusion
The following Controls and Mitigations are reasonably practicable and will be adhered to:
· Suitable training for all users of the AK-47
· Clear and safe environment prepared prior to operations
· Inspect the rifles before use
· First aid trained personnel available nearby at all times
· Drill personnel on what to do with a negligent discharge
The following controls and mitigations were deemed not reasonably practicable:
· Remove humans from the environment
[bookmark: _Toc203742523]2.9 – Risk After Reduction
Considering the controls and mitigations now in place, the impact of a negligent discharge will be reduced due any dangerous environmental hazards such as gas bottles or flammables being removed and the existence of first aiders available to treat any injuries at the time they happen greatly increasing chances of survival for more serious wounds. This will reduce the severity of the hazard to critical due to the worst-case scenario likely being 1 fatality. This uses the assumption that trained users will be able to keep control of a runaway gun. 
The likelihood of a negligent discharge has also been reduced by the controls. The appropriate training will make human error far more unlikely along with the inspections checking if there are any defects with the mechanisms prior to use. These factors reduce the chances of a negligent discharge from occasional to improbable. This means that it is unlikely to occur in the systems life (p < 10-4).
This leaves the risk with a classification of C (improbable, critical).
The risk has been reduced as so far as is reasonably practicable with the technology available.
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	Catastrophic
	Critical
	Marginal
	Negligible

	Frequent
	A
	A
	B
	C

	Probable
	A
	A
	B
	C

	Occasional
	A
	B
	C
	D

	Remote
	B
	C 
	C
	D

	Improbable
	C 
	C
	D
	D

	Incredible
	C 
	D
	D
	D
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