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[bookmark: _Toc235173322]Part 1 - Risk Assessment
[bookmark: _Toc235173323]1. Scope 
Scope: considers the weapons system under normal operating conditions during operations (active war/training situations). Operating conditions requires the system to function both in high/ low climates and humidities, where particulate/ water ingress is likely. Ammunition is considered only when housed within the magazine and issued to an operator, and ends when it has been unloaded, cleared, and returned to safe storage.
[bookmark: _Toc235173324]1.1 Task description
The system assessed is an AK-47-pattern personal weapon issued to a trained operator with a loaded magazine. The activity includes issue from secure storage, carrying, loading, live firing, movement while armed, dealing with stoppages, unloading, proving the weapon clear, basic cleaning and return to storage. The assessment covers normal training and operational use. It also considers hot and cold conditions, high humidity, rain, dust, mud and possible water or dirt entering the weapon.
The assessment starts when ammunition is loaded into the magazine and issued with the weapon. It ends when the weapon has been unloaded, checked clear, the ammunition has been accounted for, and both the weapon and ammunition have been returned to authorised storage. The manufacture of the weapon or ammunition, major repair work, disposal of unexploded ammunition and effects outside the approved danger area are not included.
[bookmark: _Toc235173325]1.2 Purpose
The purpose of this assessment is to identify realistic hazards, estimate the risk before controls are added, describe the controls required and then estimate the remaining risk. The assessment is written for range managers, instructors, weapon users, armourers and safety staff. The wording is clear and practical so that the findings can be understood and used during planning and supervision.
Only open-source and unclassified information has been used. It is assumed that the weapon and ammunition are approved, the operator has received the required training and the activity is controlled by appointed staff. The assessment also allows for human error, tiredness, worn equipment and difficult weather or environmental conditions.
[bookmark: _Toc235173326]1.3 Risk estimation and ALARP position
Risk is estimated by combining likelihood and severity in the improved 5 x 5 matrix. The pre-control score shows the risk before the extra controls are applied. The post-control score shows the remaining risk when the controls are in place, checked and maintained. Severity usually stays the same because most controls reduce the chance of the event, not the harm that could result if it still happened.
Part 1 does not include a full ALARP argument for every hazard. However, the controls are intended to reduce each risk to a tolerable or broadly acceptable level. Class A risks are unacceptable and the activity must not continue. Class B risks need further reduction and a recorded ALARP decision. Class C risks are tolerable only while the controls remain effective. Class D risks are broadly acceptable but still require normal monitoring and review.
[bookmark: _Toc235173327]1.4 Control selection and good practice
The controls follow the hierarchy of control. Where possible, the hazard is removed or reduced at source. Engineering controls and safe range design are preferred to procedures and personal protective equipment. Supervision, training, inspection and maintenance provide further protection. PPE is used when risk remains, but it is not relied on as the only control. This approach follows HSE guidance for noise, hazardous substances, manual handling and work equipment [2]-[4], [10].
For noise and firing-range contamination, the assessment also uses open-access research and public health guidance. Firearm noise can cause permanent hearing damage, while firing and cleaning can create lead contamination in the air and on surfaces [1], [5]-[9]. The evidence supports reducing exposure, using effective ventilation, controlling access, providing suitable hearing protection, maintaining good hygiene, cleaning correctly and using health surveillance.




[bookmark: _Toc235173328]2. Review and improvement of the risk matrix
[bookmark: _Toc235173329]2.1 Initial weighted matrix (superseded)
	
	
	Likelihood level

	Severity level
	Severity weight
	5
(weight 9)
	4
(weight 4)
	3
(weight 3)
	2
(weight 2)
	1
(weight 1)

	5
	15
	135
Class A
	60
Class A
	45
Class A
	30
Class A
	15
Class B

	4
	9
	81
Class A
	36
Class A
	27
Class A
	18
Class B
	9
Class C

	3
	5
	45
Class A
	20
Class B
	15
Class B
	10
Class B
	5
Class C

	2
	2
	18
Class B
	8
Class C
	6
Class C
	4
Class D
	2
Class D

	1
	1
	9
Class C
	4
Class D
	3
Class D
	2
Class D
	1
Class D


The original matrix is kept to show how the assessment was improved. Its main weaknesses are hidden weighting, uneven gaps between scores and a calculation method that is difficult to explain. It may also give a false sense of accuracy because likelihood and severity are judgement-based categories rather than exact measurements [9], [11].
[bookmark: _Toc235173330]2.2 Improved 5 x 5 risk matrix
	Severity
	Severity meaning
	Likelihood 5
	Likelihood 4
	Likelihood 3
	Likelihood 2
	Likelihood 1

	
	
	Frequent
	Likely
	Occasional
	Unlikely
	Improbable

	5
	Catastrophic: fatality or multiple fatalities
	25
Class A
	20
Class A
	15
Class A
	10
Class B
	5
Class B

	4
	Critical: life-altering injury
	20
Class A
	16
Class A
	12
Class B
	8
Class B
	4
Class C

	3
	Severe: serious or permanent injury
	15
Class A
	12
Class B
	9
Class B
	6
Class C
	3
Class C

	2
	Minor: recoverable minor injury
	10
Class B
	8
Class B
	6
Class C
	4
Class C
	2
Class D

	1
	Marginal: negligible harm
	5
Class C
	4
Class C
	3
Class D
	2
Class D
	1
Class D

	Risk Class
	Decision category
	Required response

	A
	Intolerable / unacceptable
	The risk is considered Intolerable/ Unacceptable. The activity shall not proceed, or the system shall not be used.

	B
	Tolerable only if ALARP is demonstrated
	The risk can only be considered Tolerable and ALARP if demonstrated that further risk reduction is impracticable.

	C
	Tolerable and subject to ALARP assurance
	The risk is considered Tolerable and ALARP

	D
	Broadly acceptable
	The risk is considered to be Broadly Acceptable. Additional risk reductions may be introduced only if the benefits justify the cost (time, money,
inconvenience).




Likelihood is the chance that the stated harm will occur during a typical live-fire training or operational activity. It is based on the harmful outcome, not simply on the fact that the weapon is fired. Where reliable numerical data are not available, the written likelihood description is used and any uncertainty is recorded. Severity is based on the most credible harm that could reasonably occur. It is not based on an extreme or unrealistic worst-case event. After controls are applied, severity usually stays the same because controls normally reduce the chance of the event rather than the seriousness of the harm.
The improved matrix is clearer and easier to use. The same values from 1 to 5 are used to calculate the risk score, and each category has a clear description. This helps different assessors reach more consistent decisions. The matrix also keeps rare but catastrophic hazards under strong control and does not treat a low score as automatic proof that the risk is ALARP. The 1 to 25 scale is also easier to check, explain and compare.
The original group matrix used separate hidden weights for likelihood and severity, producing scores from 1 to 135. Although this method was cautious, it was difficult to explain because the values shown in the matrix were not the same values used in the calculation. It also suggested a level of numerical accuracy that the available evidence could not support [9].
The improved method keeps five likelihood levels and five severity levels but removes the hidden weighting. Each risk score is calculated as Likelihood × Severity, and the risk class is then shown using a cautious colour system. The matrix is used to compare and prioritise risks, but it does not by itself prove that a risk is ALARP. IEC 31010 also states that the categories, assumptions and decision rules should be clearly defined for the activity being assessed [10].
[bookmark: _Toc235173331]3. Hazard register, controls and residual risk
The table shows each hazard, the possible accident, likely causes, risk before controls, required controls, risk after controls and final risk status. The person responsible for the activity should confirm that all safety-critical controls are in place before work begins. The activity should be stopped if an essential control is missing.
	Hazard ID
	Hazard
	Hazard description
	Accident / consequence
	Causes / threats
	Initial L
	Initial S
	Initial risk class
	Risk reduction / controls
	Likelihood2
	Severity3
	Risk Class4
	Risk Status

	H1
	Ejected hot cartridge case
	Hot cartridge cases are ejected during firing and may touch skin, clothing or nearby equipment.
	Minor burns, damaged clothing, distraction, sudden movement, loss of muzzle control or a dropped weapon. In an extreme case, the operator could unintentionally fire while reacting.
	Normal ejection; crowded firing points; unsuitable clothing; nearby firers; poor stance; incorrect reaction to a hot case.
	4
	2
	8 Class B
	Wear long sleeves and eye protection; maintain safe spacing; brief users on case ejection; train a controlled response if a case enters clothing; keep the weapon pointed in a safe direction; provide instructor supervision and first aid.
	1
	2
	2 Class D
	Broadly acceptable - maintain controls and review

	H2
	Misfire / hangfire / stoppage
	The round does not fire, or it fires after a delay.
	A delayed discharge may occur while the operator is inspecting or clearing the weapon. This could result in a person being shot, serious injury or death, unsafe muzzle movement, or damage to the weapon.
	Faulty or contaminated ammunition; worn firing pin; fouling; incorrect ammunition; cold conditions; poor stoppage drills; opening or inspecting the weapon too soon; loss of safe direction.
	2
	5
	10 Class B
	Use approved ammunition; inspect the weapon and ammunition before use; keep the muzzle in a safe direction; apply the approved waiting period and stoppage drill; keep the finger clear of the trigger; use trained operators; quarantine defective ammunition or weapons; report and investigate faults through an armourer.
	1
	5
	5 Class B
	Tolerable only where ALARP is demonstrated and recorded

	H3
	Noise exposure
	Impulse noise from firing reaches the operator, instructors and nearby personnel.
	Temporary hearing loss, acoustic trauma, tinnitus or permanent hearing damage. Reduced hearing may also prevent personnel from hearing safety commands and may contribute to a secondary accident.
	Repeated firing; missing, damaged or poorly fitted protection; removal of protection; several weapons firing together; indoor or reflective range; weak noise assessment; poor supervision.
	4
	3
	12 Class B
	Complete a competent impulse-noise assessment; reduce unnecessary live firing; maintain range acoustic controls; define hearing-protection zones; control access and simultaneous firing; provide suitable plugs, muffs or dual protection; train users in fitting; supervise use; provide audiometry and review incidents [1]-[7].
	1
	3
	3 Class C
	Tolerable and ALARP while controls remain effective

	H4
	Unintended discharge
	The weapon fires without a deliberate and authorised decision to fire.
	A person may be shot, causing serious injury or death. The discharge may also damage equipment or property and may create a wider public-safety risk.
	Poor weapon handling; finger on trigger; incorrect assumption that the weapon is clear; fatigue; distraction; weak supervision; unsafe movement; mechanical defect; failure to follow loading or unloading drills.
	3
	5
	15 Class A
	Use trained and authorised operators; apply safe-direction and trigger-finger rules; use clear loading, unloading and proving-clear drills; provide direct supervision and clear commands; inspect the weapon before and after use; separate live ammunition from non-firing tasks; report and quarantine defects.
	1
	5
	5 Class B
	Tolerable only where ALARP is demonstrated and recorded



Risk-rating check: every score in the table now uses the improved matrix and is calculated as Likelihood x Severity. The class is then taken from the improved matrix cell, not from the old weighted matrix. Class B residual risks require a recorded ALARP decision because the matrix deliberately keeps improbable but potentially fatal outcomes under formal control.
Judgement check: likelihood refers to the chance of the stated injury or harm, rather than the certainty that the weapon fires or ejects a case. Severity is based on the most credible reasonably foreseeable consequence.
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[bookmark: _Toc235173332]Part 2 - ALARP Justification: Noise Exposure
[bookmark: _Toc235173333]1. Introduction and hazard selection
Noise exposure was selected because it is present during every live-fire activity. Other weapon hazards normally require a fault or an unsafe action. Noise is produced during normal operation. Each shot creates a short but very high sound-pressure peak close to the firer’s head. The firer, instructors, nearby firers and range staff may all be exposed.
The possible effects include temporary reduced hearing, pain, tinnitus and permanent noise-induced hearing loss. Permanent hearing loss cannot normally be reversed. It may affect communication, quality of life and the ability to hear alarms or safety commands. Open-access research describes firearm noise as a preventable cause of hearing damage and supports reducing the number of shots, avoiding reflective environments and using correctly fitted hearing protection [1].
The initial risk is Likelihood 4 and Severity 3. Under the improved matrix this gives a score of 12 and Risk Class B. Class B requires further risk reduction and a clear ALARP decision. Severity 3 is suitable because permanent hearing damage is a credible serious outcome. Likelihood 4 reflects repeated firing and the possibility of poor fitting, damaged protection or weak supervision.
[bookmark: _Toc235173334]2. ALARP decision standard
ALARP means as low as reasonably practicable. It does not require all risk to be removed. Zero risk is not possible where live firing is necessary. The duty holder must reduce the risk until any further measure would require cost, time or effort that is grossly disproportionate to the additional safety benefit.
The test is weighted towards safety. A control should not be rejected only because it costs money or causes delay. For a hazard that may cause permanent injury, a strong level of control is expected. The matrix supports prioritisation, but a low score does not by itself prove ALARP. Evidence is required to show that suitable options were considered, selected controls are effective, and rejected controls were rejected for clear reasons.
[bookmark: _Toc235173335]3. Legal duties and public good-practice sources
The Control of Noise at Work Regulations 2005 require employers to assess noise exposure, reduce it, provide suitable hearing protection where needed, provide information and training, and arrange health surveillance where there is a risk to health [2]. HSE guidance also states that technical and organisational controls should be used before relying on hearing protection alone [3], [4].
However, there is an exemption for Ministry of Defence. Regulation 13 of the Control of Noise at Work Regulations 2005 allows the Secretary of State for Defence to issue a written certificate exempting specified persons from Regulation 6(4) and Regulation 7(1)–(3), where military activities carried out in the interests of national security conflict with those requirements. This is a limited exemption rather than a general exemption for the armed forces. It may only be granted where employees health and safety are protected as far as possible. Therefore, unless a valid exemption certificate applies, the Noise Regulations should be treated as applying to military live-fire training in Great Britain [2].
The Regulations include average exposure values and peak sound-pressure values. Peak values are especially important for firearms because the exposure is impulsive. The employer must also identify the hearing-protection zone, ensure that protection is worn, maintain equipment and review the assessment when conditions change [2]-[4].
[bookmark: _Toc235173336]4. Reducing unnecessary live firing
The first control is to remove live firing where it is not required. Safety drills, loading, unloading, stoppage practice and some decision-making exercises can use inert systems, simulation or dry training. Every live round replaced by a non-firing method removes the noise exposure for that action.
This control is reasonably practicable because it is usually low cost and may also reduce ammunition use, range time and equipment wear. It cannot replace all live-fire activity because personnel must demonstrate competence under real conditions. It should therefore be used where it achieves the training aim without reducing operational competence.
[bookmark: _Toc235173337]5. Engineering controls
Engineering controls reduce noise before it reaches personnel. They include using an approved range, maintaining sound-absorbing materials, avoiding unnecessary reflective enclosures, and keeping firing positions and baffles in good condition. Indoor and partly enclosed ranges can increase exposure because sound is reflected towards the firer. Public NIOSH range investigations confirm that tactical firing can produce hazardous impulse exposure and that range design and firing position affect the result [7]-[9].
Engineering controls are stronger than PPE because they protect everyone in the area. Routine inspection and repair are clearly reasonably practicable. Major reconstruction may have a higher cost, but it should be considered where measurements show poor performance, exposure remains high or hearing problems are reported.
Approved sound moderators or other source controls may reduce muzzle noise, but they should not be assumed to make firing safe without hearing protection. Their use must be technically approved and assessed with the complete weapon, ammunition and training requirement. Where suitable, they may form one part of a layered control system.
[bookmark: _Toc235173338]6. Planning and administrative controls
Administrative controls reduce the number of people exposed and the duration of exposure. The range manager should define the hearing-protection zone and prevent unnecessary access. Only essential personnel should remain near the firing point. Firing details should avoid unnecessary simultaneous firing, and instructors should be positioned to supervise without avoidable exposure.
The activity should include a clear brief and a check that everyone has suitable protection before firing. Communication arrangements must also be tested. Visual cease-fire signals, radios or level-dependent electronic protection may provide additional ways to pass safety commands. These controls are low cost and are therefore reasonably practicable, but they require active supervision.
[bookmark: _Toc235173339]7. Hearing protection
Hearing protection remains necessary because engineering and administrative controls may not reduce firearm impulses enough. The type of protection should be selected using competent measurements. Earplugs, earmuffs or dual protection may be required depending on the peak level and range conditions [1], [3], [4].
Correct fit is essential. Earplugs must be inserted properly and earmuffs must form a complete seal. Spectacles, hair, helmets, damaged cushions or movement can reduce the protection. Personnel should receive practical fitting instruction and supervisors should check protection before firing. Damaged or unsuitable items should be replaced.
Electronic level-dependent protection may improve communication by allowing speech to be heard while limiting high-level impulses. This may reduce the temptation to remove protection. The equipment must still be checked for compatibility, battery condition and the protection achieved in the actual task.
[bookmark: _Toc235173340]8. Health surveillance and monitoring
Baseline and periodic audiometry are required where there is a continuing risk to hearing. Surveillance can identify early deterioration and provide evidence on whether the control system is effective. Tinnitus, reduced hearing or an abnormal result should trigger an investigation of the range, exposure, protection and supervision [2]-[4].
Noise measurements should be repeated after changes to ammunition, range design, firing programme or hearing protection. A control that was suitable for one activity may not remain suitable when conditions change. Exposure records, equipment inspections, training and corrective actions should be retained.
[bookmark: _Toc235173341]9. Related firing-range health controls
Although Part 2 focuses on noise, lead and combustion residue are relevant because many of the same people are exposed during firing and cleaning. An open-access review found that firing-range users and workers can receive significant lead exposure, particularly where ventilation and hygiene are poor [5]. Public surveillance reports have also identified raised blood lead levels among firing-range workers [6].
Ventilation, wet or HEPA cleaning, handwashing, restrictions on food and drink, suitable work clothing and health monitoring therefore support the wider safety case [5]-[8]. These controls do not reduce noise directly, but they show why the live-fire environment must be managed as a complete occupational-health system.
[bookmark: _Toc235173342]10. Controls considered but not fully adopted
Complete elimination of live firing was not adopted because it would prevent personnel from demonstrating live-fire competence. It remains suitable for tasks that do not require a shot to be fired.
The highest-attenuation protector was not automatically selected for every person because excessive protection may make speech and safety commands difficult to hear. The safer approach is to provide enough attenuation without creating communication problems [3], [4].
A complete range rebuild may be grossly disproportionate where measurements are satisfactory and effective controls are already in place. This decision must change if exposure increases, acoustic materials fail or hearing problems occur. Source-control equipment may also be rejected where it is not technically approved or would undermine the training requirement, but it should be reconsidered when technology or approval changes.
[bookmark: _Toc235173343]11. Residual risk and ALARP conclusion
After the controls are applied, Likelihood2 is reduced from 4 to 1. Severity3 remains at 3 because permanent hearing damage could still occur if several controls fail. The improved matrix gives a residual score of 3 and Risk Class C. The status is therefore tolerable and ALARP subject to active assurance.
The conclusion is supported by several independent layers: unnecessary firing is reduced, the range is maintained, access and exposure are controlled, suitable hearing protection is fitted and supervised, and health surveillance checks for early harm. These controls are available, recognised and proportionate to the risk of permanent injury.
The residual risk is not zero. It remains tolerable only while the controls continue to work. Evidence should include a current noise assessment, maintenance records, protection selection and fitting records, training records, surveillance arrangements and corrective actions. Without this evidence, the ALARP claim would be weak even if the numerical score remained low.
[bookmark: _Toc235173344]12. Maintaining ALARP
ALARP must be reviewed rather than treated as a one-time decision. Review is required after changes to ammunition, weapon configuration, range design, number of rounds, protection equipment or reported hearing symptoms. Improved electronic protection, fit-testing and personal exposure monitoring should be reconsidered as the evidence, cost and technical approval change.
There should be someone who owns the operational controls, supported by a competent noise assessor and occupational-health staff. Users and supervisors must wear protection correctly, report defects and report hearing symptoms. On the available evidence, the selected controls reduce the likelihood to an improbable level while allowing necessary live-fire activity. The remaining Class C risk is therefore considered tolerable and ALARP, provided the controls are verified, monitored and reviewed.
[bookmark: _Toc235173345]References
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