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Hazard management is an essential process of managing and maintaining the health and safety of all personnel. This assignment will recognise the use of hazard identification and the use of controls and mitigations to minimise risks to be as low as reasonably practicable (ALARP).   
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[bookmark: _Toc234921089][bookmark: _Toc235108240]1.1– Risk Assessment and Hazard Matrix for 115mm High Calibre Gun Firing
	Assessment Details
	

	Activity Title
	115mm High Calibre Gun Firing
	Assessment No
	1 (Vol 1)
	Next Review Date: 17/07/2027

	Location
	Firing Test Range 1
	Assessment Date
	17/7/2026
	

	Assessment Team
	Firing Range 1 Safety Team
	Lead Assessor
	Firing Range 1 Safety Team Leader
	



	
	Catastrophic
	Critical
	Marginal
	Negligible
	Likelihood
	
	Severity

	Frequent
	A
	A
	A
	B
	Frequent
	1.0 x 10-2
	Ca -Multiple fatalities of associated personnel and/or single fatality of non-associated personnel.  Long-term environmental impact or complete loss of a facility.

	Probable
	A
	A
	B
	C
	Probable
	1.0 x 10-3
	Cr-Single fatality of associated personnel and/or a long-term injury to non-associated personnel.

	Occasional
	A
	B
	C
	C
	Occasional
	1.0 x 10-4
	Ma-Medium-term injury to associated personnel and/or short-term injury to non-associated personnel.

	Remote
	B
	C
	C
	D
	Remote
	1.0 x 10-5
	Ne- Short-term injury to associated personnel.

	Improbable
	C
	C
	D
	D
	Improbable
	1.0 x 10-6
	

	Incredible
	C
	D
	D
	D
	Incredible
	1.0 x 10-9
	



	Risk Rating
	Activity/Task Description

	A
	Intolerable risk, not possible to assign ALARP status.  Activity only to be authorised during operations under a critical necessity for the activity.
	· Receive Munitions and load the system
· Fire the system
· Clear the weapon 
· Repeat for duration of activity

	B
	Tolerated risk on agreement there is work ongoing to reduce the risk class through controls and mitigations before considered ALARP.
	

	C
	Tolerated risk with a higher severity.
	

	D
	Tolerated risk with a low severity.
	



	ID 
	Hazard
	Description
	Causes
	Who might be harmed and how
	Likelihood
	Severity
	Risk Rating
	Existing control measures and control measures required for works to proceed
	Likelihood
	Severity
	Risk Rating

	H1
	Explosion
	Complete failure of the system, potential for multiple unintended casualties.
	1.Electrostatic Discharge

2.Low Drop (Unpackaged)

3.Insensitive Munition Threats (Fragmentation attack, Bullet Impact, Shaped Charge Jet, Sympathetic Reaction, slow and fast heating)

4.Electromagnetic Radiation

5.Hang fire and Misfire
	Who: Trials Manager (TM), Trials Conducting Officer (TCO), Range Workers, Instrumentation Technicians, Magazine staff, Gun Crew
How: Unauthorised or accidental access into danger area during firing activities. Failure to ensure all personnel are outside the danger area and/or undercover during the firing.
How: Failure to follow established procedures, mishandling of munitions, handling of hot/cold munitions.
How: Incorrect loading procedure, unintended initiation of firing system.
How: Failure of communications systems or miscommunication during safety critical communications may cause confusion.
How:  Residual explosive material from partial detonation, destruction of misfires and blinds
Harm: Fatality/Serious long term injury, musculoskeletal injuries, fractures, sprains, burns, long and short-term respiratory illness.

	Re

	Cr
	B
	-Only authorised personnel to be on range during trials activities.
-A confirmation of roles, responsibilities and trials team under cover locations communicated to all personnel in safety brief before firing.
-Access to range through barrier systems authorised by TM/TCO
-List of all persons in danger area available to range control
-Weather data provided to TCO/TM prior to firing and with any changes 
-CCTV, visual inspection and comms used to ensure all personnel undercover or out of the danger area before firing
-OME designed to withstand normal handling on range 
-Lifting procedures and manual handling guidelines on ammunition type for system
-Manual handing qualifications and courses completed and in date by gun team for handling munition
-Ammunition stored in magazine and transported to firing point in vehicle with suitable transport features.
-One round to be called up by TM/TCO at each time
-Local procedures for misfire and hang fire followed on command of TM/TCO
-Radar equipment at safe distance from system and active when all personnel under cover
-Gun crew inspection of ammunition prior to loading system for abnormalities



	Im
	Ca
	C

	H2
	Electrical
	Required for firing the system, has the potential to cause an unintended injury/fatality.
	1.Damage from animals
2.Lightning
3.Electromagnetic Radiation
4.Environmental effects (Inclement weather/exposed cabling)
5.Degradation (Maintenance)
6. Water Ingress
	Who: Trials Manager, Trials Conducting Officer, Range Workers, Instrumentation Technicians.
How: Failure to follow established procedures, mishandling of munitions, electrical initiation/lightning strikes/RF, incorrect wiring/setting up, incorrect munition. Environmental effect including weather and damage from wildlife.
How: Failure to follow maintenance procedures, lack of checks and maintenance on system condition.
How: Failure of communications systems or miscommunication during safety critical communications may cause confusion.

Harm: Electric shocks/ burns. Short term injury.

	Im
	Cr
	C
	-Trained and authorised personnel only on range
-Contraband procedures in place and controlled by TM/TCO. E.g. no phones or smart watched on range
-Low power Radio Frequency radios used on site and ammunition workers use ATEX radios
-20m exclusion zone for RF devices
-Remote firing equipment to be under control and command of TM/TCO.
-Firing key not connected until the point that round and charge are positioned, and all personnel are under cover
-Barrel covered in extreme conditions preventing water ingress and within lifecycle
-General and reactive maintenance uphelp

	In
	Ma
	D

	H3
	Asphyxiant/ Toxicity
	Exposure to hazardous gases and substances from byproducts of using system. Airborne dust and products of initiation of propellant. 
	1.Toxic fumes from propellant
	Who: All Range Workers

How: Failure to follow established procedures, production of toxic gases/ particulate. 

How:  Failure to ensure all personnel are outside the danger area and/or undercover during the firing.

Harm: Poisoning, long term respiratory and neurodevelopmental disorders [1].
	Fr
	Cr
	A
	-Trained and authorised personnel only on range
-TM/TCO ensure correct munition using trials plans
-TM/TCO give break cover order to gun team following wait period
-TM/TCO give break cover order to person on range following firing area confirmed as safe
-Medical monitoring conducted on annual basis, suspected exposure to toxic substances and any changes in health.
-Multiple qualified and competent first aiders on range and on site


	Im
	Ma
	D

	H4
	High Pressure Gas
	A byproduct of using the system that has the potential to cause serious harm to personnel.
	1.Misfire
2. Breach failure (Obturation, firing at increased temperatures, damaged (aged) munition, poor assembly, Seal wear)
	Who: All Range Workers

How: Failure to follow established procedures, unintended initiation of firing system, failure of system components, failure to initiate explosive train.

How: Failure to ensure all personnel are outside the danger area and/or undercover during the firing.

Harm: Primary Effects – Inhalation of toxic gases, sickness. 

Harm: Secondary Effects – Fragmentation and Dust injuries including long term respiratory issues and cuts
	Fr
	Cr
	A
	-Trained and authorised personnel only on range
-Safety brief from TCO/TM outlining potential causes distributed and understood
-Cooling off period before removing hot casings to waste
-Cooling off period for gases to disperse from firing area under command TM/TCO
-All gun team wear appropriate PPE including gloves to remove hot casings
-System manages breach failure using internal mechanism
- Remote firing equipment to be under control and command of TM/TCO.
- All personnel situated undercover during firing controlled by TM/TCO
-All personnel follow local procedure initiated by TCO/TM in event of hang fire or misfire
	In
	Ma
	D

	H5
	Heat
	A byproduct of using the system that has the potential to cause harm to personnel.
	1.Repeated Use
2.Hot casing
3.Residual heat in system
4.Electrical fault
5. Hot gases and particulate
	Who: All range workers

How: Failure to follow established procedures, fire outbreak, overheating of system.
How:  Residual explosive material from partial detonation, destruction of misfires and blinds

Harm: Minor burns, severe burns, short term injury.

	Fr
	Ma
	A
	-Trained and authorised personnel only on range
-All personnel to wear appropriate PPE including non-flammable clothing
-Emergency procedures briefed and understood by all personnel on range
-Local emergency service plans and arrangements with site
-In event of fire trained and confident personnel assess situation if local fire tackling can be used
-Multiple qualified and competent first aiders on range and on site
-CCTV in operation to monitor range and fire hazards

Note-For conditioned rounds at extreme high and low temperatures long sleeves and gloves to be worn.

	Oc
	Ma
	C

	H6
	Noise
	A byproduct of using the system that has the potential to cause serious harm to personnel, and general public perception.
	1.Firing the system creates noise
2.Projectile Explosion
3. Breach mechanism
	Who: All personnel on range including staff and visitors.

How: Failure to follow established procedures.  Failure to ensure all personnel are outside the danger area and/or undercover during the firing.

How: Exposure to noise above safe working level on active firing range.

How: Exposure to noise above safe working level outside of firing range.

Harm: Serious injury, permanent hearing loss, long term hearing issues such as reduced hearing loss and tinnitus, mental health issues 
	Fr
	Cr
	A
	-Trained and authorised personnel only on range
-Minimum number of required personnel on range
-Acoustic prediction obtained prior to firing
-Access to range through barrier systems authorised by TM/TCO
-All personnel to be situated undercover during firing 
-All personnel to wear appropriate hearing protection during firing
-TM/TCO ensure all personnel equipped and wearing hearing protection during firing
-Minimum personnel present in firing area
-Minimum gun crew to load and clear system
-PPE signage in undercover areas
-Noise monitor situated on site boundary
-Noise monitor deployed with weather/munition changes
-Annual health monitoring for all staff exposed to noise. More frequent checks to those at sever risk or those with new symptoms
	Im
	Ne
	D
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[bookmark: _Toc235108241]2-ALARP Justification for noise output of a system
ALARP (As low as reasonably practicable) is a method of weighing a risk against trouble, time and money required to control and mitigate risks associated with a system. It is within the remit and importance of an employer to maintain and ensure the health, safety and welfare of employees is so far as reasonably practicable (SFAIRP) [2]. It is stated within The Management of Health and Safety at Work Regulations 1999 that an assessment of risks to health and safety of employees and non-employees are required [3] 
The risk assessment used for this particular task set out the risks produced when operating the 115mm gun system with a likelihood, severity and overall risk rating. The mitigations and controls were then used to control the risk and consequences to produce a new overall risk rating which was applied to the employees.
With focus on H6, the risk of noise, the initial likelihood prior to the mitigations was frequent with critical consequence due to risk of noise exposure great enough to cause long term injury.  This hazard focused briefly on the ammunition used in the system a factor involved in the operation of the system. However, ammunition as a whole system required a total separate risk assessment for further detail on control and mitigations.
The 115mm gun is a high calibre system capable of producing very high noise levels of over 150 decibels, similar to that of other high calibre systems including the 105mm and 155mm.  [4] . This level of noise is much greater than the legal limit of daily exposure set at 140db in the Control of Noise at Work Regulations and can cause serious effects if not mitigated and controlled [5]. Any persons at risk to the exposure of noise have increased risk of conditions such as temporary hearing loss, full hearing loss and tinnitus which are long- and short-term injuries. 
Cause 1 identified that the noise is frequent and a byproduct of using the system. The noise is an inevitable factor when using a high calibre gun system due to the muzzle blast from confined gas [6]. Using the hierarchy of control [7], [image: ]eliminating the total noise out of the system wasn’t possible due to many factors including build up of gas and high velocity projectiles producing noise. However, using the next control of substitution, the propellant type used in the system could have been changed for a lower output. This cannot be applied to all circumstances and is determined by what the firing of the system is required to achieve. Using this method reduces the noise output of the system and therefore the exposure and risk to staff. With advancing engineering techniques, design and manufacture the use of a quieter propellant is a consideration to be made in the future when available.Figure 1 - Hierarchy of control [14]

Cause 2 identified the noise made by the projectile due to the pressure of gas in the barrel and the energy of the projectile. The 115mm system is not fitted with a muzzle break that could reduce the noise due to historically creating a build up of debris and dust causing further risk to the system [8]. This was again another consideration for the future with advanced technology and engineering.
As the 115mm gun is intended for long distances with accuracy at 1500m and a maximum range of greater than 10km using a high explosive the noise created from projectile impact/explosion at target is not high. [9]. This doesn’t pose a huge noise risk to range personnel due to the sound waves dispersing over a large distance. When fired into the sea or target a danger area must be used. Local bylaws were also in place to ensure no risk to the public during operational testing including public areas of no entry during operational times. This ensures that there is no risk to the public. An engineering control, remote firing using electrical equipment, was identified to be the safest mechanism of initiating the weapon as it removed personnel from the system entirely when loaded.

Cause 3 identified the noise made by the breach mechanism in the activity of opening and closing. This is a sharp slamming noise on the system and particularly applied to the gun team. It was considered to use different materials and mechanics for the breach however the strength and mechanics of the breech is required to withstand huge pressure, and a new method would require intensive research and testing. This was disregarded to the huge cost and time required for implementation and the current system being suitable for the activity. The control of using minimum crew to load the system reduced the risk significantly by reducing the exposure.
The 155mm Howitzer noise suppressor used by Rheinmetall AG would be an advanced engineering control to reduce the noise on the range however would not be suitable for military applications [10]. This would improve public perception of firing ranges due to noise nuisance however would not provide a substantial benefit to those who the risk is exposed to. This equipment would require moving often producing greater risks. Using the appropriate controls proved more beneficial compared to the cost and implementation of the technology. Implementation of the suppressor would also require a greater amount of set up time, manual handling and use of plant vehicles therefore increasing the risk.
Building a wall behind the weapon was considered to reflect the sound waves away from range personnel however this was discarded due to this control being better suited to small arms activity as detailed in JSP 403 [11]. Another engineering control was the use of remote firing as a method to electronically operate the system from a safe distance reducing many risks including explosion and high-pressure gas alongside noise exposure.
An administrative control noted was the control of the people in the danger area through barriers and radio control by the TM/TCO. This ensured that only necessary persons would be in proximity to the system and all accounted for as to being in the area. The TM/TCO was identified to complete checks of undercover using CCTV and communication as they should always have control of all persons on range. The rotation of persons also reduced the noise exposure and allowed for training of new personnel. 
On the lower end of the hierarchy was using PPE inclusive of ear Defenders and ear plugs for maximum protection. The selection used the HML method in Defence Standard 00-027 [12]. The ear defenders were required to dampen noise to below the maximum peak exposure noise of 140dB. Full noise cancelling ear protection was disregarded due to the effects on communication. For example, range sirens and fire alarms not being heard which causes greater risk to personnel in a danger area.
A cost to benefit analysis was used on the controls and mitigations to determine if the benefit was much greater. This assumed that the risk was totally removed. Grossly Disproportionate cost = Probability X Value of preventing Fatality X Gross disproportion factor. This method considered the costs to society per case of preventing fatality (VPF) and the gross disproportion factor of costs to risk (GDF [13]). 


The cost of ear protection per person is much smaller than the GDF therefore the benefits outweigh the costs and the control was used. For cases such as the production of a tank suppressor the cost was much greater than the benefit and therefore not used as a control.
Another administrative control identified was the use of a noise monitor on the site boundary and/or heavily populated area on site to ensure the noise in those areas does not require any further controls and no additional personnel are at risk. This is an essential task that does not require a lot of time and resources.
Following the mitigations and controls the risk rating was reduced to category D - Tolerated risk with a low severity and an improbable likelihood. Using explosives always carries a risk to personnel and the controls/mitigations set in the risk assessment allow work to be carried out in a safe, controlled environment. The most important controls and mitigations to be ALARP was the distance, PPE and control of personnel in the danger area. This overall reduced the exposure to be within safe working limit.  Staff on range should all be trained and authorised to reduce the risk to themselves and everybody else. Limiting the exposure to noise proved to reduce the risk as elimination was not an option. The lower end of the hierarchy of control was more effective in producing mitigations and controls due to the time, cost and benefit ratio produced by engineering controls.
The next review date was set 12 months from the issue date to ensure that mitigations and controls are still relevant, effective and recent. However, the risk assessment is reviewed at any time where a new control/mitigation can be introduced for the journey of ALARP or if any existing control/mitigation no longer applies.
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