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This report will focus on the controls implemented to reduce the risk of fire caused by poor waste management to as low as reasonably practicable. The measures will be explained using a what, why format to justify the ALARP [1] position. Some controls will not be chosen and thus an explanation as to why. There are a few controls already in place before the risk assessment, these prior controls will be explained in “1.1 Selection Hazard and Context” section of this report. 
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The risk investigated is a fire hazard caused by poor waste management. The scenario is that of a Sea Wolf missile stored in an explosive storage area (ESA) within a certified explosive storehouse (ESH). The munition is in two parts, the warhead and the rocket motor, it has been designed with safety mechanisms within the fuzing of the warhead and rocket motor to reduce the likelihood of accidental initiation. Both munition parts are stored in United Nations (UN) certified packaging according to their hazard identification numbers. For example, in this report, the Warhead is 1.1D [2] and the rocket motor is 1.3C [2]. The munition is stored before transporting to the platform in which it will be used. Legislation and regulations involved with storing explosives are “The Explosive Regulations Act 2014 [3]” and “DSA 03. OME Part 2 (JSP 482), chapter 13 Storage and handling of explosives [2]”. The regulations concerning hazardous waste are “ The Hazardous Waste (England and Wales) Regulations 2005 [4]”.
The hazard occurs when waste bins become too full and the waste collects on the floor, personnel then smoke around this and discard cigarettes causing the waste to set alight. Another cause is personnel discarding all waste into the same bin, some contaminated with explosive and chemical waste causing an exothermic reaction leading to a fire that spreads through the waste bins. 
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The controls selected to reduce the risk of fire caused by poor waste management are:
· Separate bins for contaminated explosive waste, recyclables, contaminated rags, and chemicals.
· Waste is to be removed from the Explosive Store House (ESH) immediately after task completion. 
· Controlled access and escorted visitors only. 
· No smoking or vaping within the Potential Explosive Site (PES). 
· All smoking contraband is to be stored in contraband lockers before entering the PES. 
· Yearly mandatory fire training for PES staff. 
· A safety brief for visitors and staff stating what to do in the event of a fire. 
· Fire evacuation routes are organised and painted. 
· Fire extinguishers are located at all explosive storage facilities. 
· Fire alarm system. 
These controls were selected following the hierarchy of controls. The hierarchy of controls is a way of determining which actions will best control exposures [5]. The hierarchy of controls has five levels of actions to reduce or remove hazards. The preferred order of action is based on general effectiveness [5].
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Figure 1 Hierarchy of Controls [5]
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To eliminate the hazard of poor waste management the waste in the ESH is to be removed daily and after each task of storing the munitions. Such waste can be generated from transportation packaging such as pallets and cardboard.  This waste can be stored outside of the PES area, it will be removed from the building and taken outside the PES to the waste storage facility to await collection according to waste disposal regulations such as recycling, incineration and general. 
An idea was theorised to use the method of placing bins outside the ESH connected to a vacuum sorting device to be removed directly from the inside of the ESH outside removable waste containers [6]. This would be an automatic practice and would leave the sorting of the waste to machine learning and sensors to remove the likelihood of humans placing the wrong item in the wrong waste container. These containers are then to be transported by a waste collection vehicle to the waste storage facility outside of the PES. While this would be the best method this would incur many costs and the facility to undergo a mass redesign and new hazards would be involved. 
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The substitution of black bin bags for waste to see-through waste will allow staff to see directly what waste is being disposed of to catch accidental misplacement of waste in the wrong items. This will reduce the likelihood of chemically contaminated waste being disposed of with general waste. 
A red bag for explosively contaminated waste will be used as per the hazardous waste regulations [4].
These controls arose after further review of the hazardous waste guidance and how to establish best practices for disposing of waste in the PES [7]. 
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Engineering control discussed to mitigate the risk of fire is the fire warming protection system. This will notify at the first signs of a fire to be able to get the fire under control as soon as possible [8]. This is a viable solution within the storage facility using existing technology to monitor the room's temperature and alarm at any sign of rapid increase as this is usually the first sign of fire [8]. If the future application of AI could be designed to predict a fire before it starts this would be the best engineering control, until such technology is available the smoke and heat detection system is the best solution [8]. Integrating the best new technology into the explosive storage area is the best way to lower the fire risk to as low as reasonably practicable. 
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Following a safe system of work, complying with regulations, safety training and fire training will help to reduce the likelihood and severity of fire in the PES causing harm to personnel and infrastructure.
Furthermore, there are a few other administrative controls required to reduce the likelihood and severity of poor waste management causing fire.
High fencing will be constructed around the PES to ensure the is no unauthorised access. The gated access sections will be monitored with CCTV and pass entry. The only personnel authorised into the PES will be trained staff and visitors with escorts who are wearing the appropriate PPE and have completed the relevant training (fire and explosives training) to gain access. This reduced the severity of the event of a fire as members of the public, untrained personnel, 3rd parties and indirect personnel will not be harmed. 
It will be policy to remove all contraband from any person or vehicle entering the PES. Such contraband will include all smoking within the storage area as well as banning all smoking accessories such as lighters and tobacco. This will reduce the risk of causing fire by discarding cigarettes and lighters.
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This is the last of the hierarchy of controls and should be used as the last line of defence [5]. However, if the other controls were to fail or the direct staff were involved with another cause of the fire, fire retardant overalls should be used while handling and manoeuvring the munitions within the storage facility. This will ensure that while the other controls will reduce the risk the personnel are themselves protected from the flames. This PPE will have to be compatible, assessed and maintained by the employer in accordance with the Health and Safety Act 1974 [9].
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These controls will reduce the severity and the likelihood of the event of fire caused by poor waste management. The control set out in this report uses the hierarchy of control to ensure that the risks are first eliminated where possible and move further down the list until PPE is required [5]. The justification that the risks are ALARP [1] is that PPE should not be required for the risk of fire caused by Poor waste management as the waste is to be removed outside the ESH and then PES after each task. Waste is not accumulated in the ESH or PES and is removed responsibly and according to regulations and best practices.
The control of removing the waste with a vacuum attached inside the ESH to removable containers on the outside [6] isn’t cost-effective as using a Cost Benefit Analysis  (CBA) [10], shows there are more costs to implementing this control such as redesigning the whole storage area, more power is required, underground works and infrastructure.  This would also have to be compliant with legislation regarding hazardous waste disposal and transportation. This will also create more hazards and personnel will have to be trained to use the machinery. 
Therefore, another method to sort and remove the waste, the PES staff to sort the waste after the task into the relevant waste containers and use a vehicle to remove the waste from the PES. This would ensure that the ESH and PES are cleared of all waste after every task. 
Finally, the risk of poor waste management causing a fire is therefore reduced to ALARP [1] with the implementation of these controls. If in the future new technology is founded such as using AI to predict fires the justification can be reviewed and new controls can be explored. As such the risk assessment must be reviewed annually, or in the event of significant changes to facilities, explosives, personnel, legislation or if the risk assessment is deemed insufficient.  
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	A

	Risk Assessment Team:
	Jess Eardley

	Task Description / Scope:
	Storage and handling of Sea Wolf GWS.26 weapon system at a MOD land depot. This will include transportation and manual handling of the munition between storage facilities. The missile is delivered by the manufacturer in two parts, the warhead and rocket motor which are both contained within separate wooden boxes. The munition is considered in safe condition when arrived at the explosive storage facility. This risk assessment looks to explore how the two parts of the munition should be moved to storage and stored to reduce the risk the munition poses directly to magazine workers and indirectly to other site workers and the public. 

	Supporting Documentation / Risk Assessment Framework
	Sea Wolf Specifications [11].
DSA 03.OME - Compatibility Groups for Storage [12].
Risk Classification Matrix and Acceptance Criteria [13].
MOD Risk Assessment Form JSP 375 MOD Form 5010 [14].

	

	(a)
	(b)
	(c)
	(d)
	(e)
	(f)
	(g)
	(h)

	Ref
	Hazard identification 

	Cause and Harm

	
Who might be harmed 

	 Existing
Controls and Mitigations

	
Initial Likelihood

	Initial Severity

	Initial Risk 
rating
(Note 5)

	1
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Mass Explosion





	Impact
Dropping the munition during transportation between storage facilities leading to sympathetic detonation of missiles in immediate vicinity, with in the storage facility.
Causing, primary and secondary blast injuries, burns, tertiary injuries (cancers from inhalation of particulates) and fatalities.
 
	Direct Personnel, Indirect personnel, 3rd parties, 
Members of the public, 
Personnel in training
	The missile has safety mechanism built into the design from factory. Therefore, there is an arming cycle and separation of explosive train.


	Unlikely (Low)
	Critical
	High
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	Lighting
Mass explosion of warheads and/or propellant grain by natural ESD, lightning.
Causing, primary and secondary blast injuries, burns, tertiary injuries (cancers from inhalation of particulates) and fatalities.

	Direct Personnel, Indirect personnel, 3rd parties, 
Members of the public, 
Personnel in training 
	No work to be carried out in the store house during a thunderstorm warning time.

Met Office thunderstorm warning system.

	Possible
(medium)

	Severe

	Medium
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	Fire
Fire in the store house leading to slow/fast heating of energetic store leading to mass 
detonation.
Causing, primary and secondary blast injuries, burns, tertiary injuries (cancers from inhalation of particulates) and fatalities.
	Direct Personnel, Indirect personnel, 3rd parties, 
Members of the public, 
Personnel in training
	The missile has safety mechanism built into the design from factory. Therefore, there is an arming cycle and separation of explosive train.
Munition stored in separate boxes in correct United Nations packaging


	Very likely (very high)

	Severe

	High


	
2

	Fire


	Poor Waste Management
Accidental fire caused by materials in bin catching alight due to sparks, heat or chemical reaction.
Causing, Burns, damage to lungs due to some inhalation, cancer and fatalities.

	Direct Personnel
 
Indirect Personnel 

3rd parties

Members of the public
Personnel in training

	The missile has safety mechanism built into the 
design from factory. 

Therefore, there is an 
arming cycle and separation of explosive train.


	Likely (High)

	Severe

	High


	
	
	Electrical wiring
Damaged or faulty electrical wiring used for lighting systems causing sparks and igniting a fire.
Causing, Electrocution, burns, damage to lungs due to some inhalation, cancer and fatalities.
	Direct Personnel, Indirect Personnel, 3rd parties, Personnel in training



	The missile has safety mechanism built into the design from factory. Therefore, there is an arming cycle and separation of explosive train.

	Possible (medium)

	Severe

	
Medium



	

	













	
	

	Ref
	
Additional Controls

	
Additional Mitigations

	Who might be harmed 

	
Residual Likelihood

	Residual Severity

	Residual Risk 
rating
(Note 5)
	Is residual
 risk now 
ALARP and tolerable Yes/No?
(Note 8)

	1


	Use correct lifting equipment rated for the risk at hand. Movement management plans to outline methods of article transport. 
Minimise amount of manual handling the munition. 
Limit stack height. Ensure correct packing of missiles
	 Reduce amount of people in the storge areas when moving/processing munitions.  Ensure correct storage regime, following hazards classification storage processes.
	Direct Personnel

	Very Unlikely (Very Low)
	Severe
	Medium
	Yes

	
	Lightning protection system regularly maintain. 
Store munitions 1 meter away from all walls.
	Store munitions in a correctly licences ESH to contain the effects of the explosion. Reduce the number of munitions stored in the ESH. Only authorised and trained personnel in the ESA.
	Direct Personnel
	Very Unlikely (Very Low)
	Severe
	Medium
	Yes

	
	Maintaining site surrounding the ESH’s and in the Potential Explosive Site. 
Fire suppression system. 
Good housekeeping within the ESH. 
Magazines of sufficient size and with adequate ventilation to reduce the build-up of pressure and heat.

	Reduce the number of munitions present in the store house. 
Reduce amount of people in the storge areas when moving/processing munitions.  
Ensure correct storage regime, following hazards classification storage processes.

	Direct Personnel

	Unlikely 
(Low)
	Severe
	Medium
	Yes

	2



	Separate bin for contaminated explosive waste, recyclables, contaminated rags, and chemicals. Waste to be removed from ESH immediately after task completion. No smoking or vaping within the Potential Explosive Area. All smoking contraband to be stored in contraband lockers before entering the PES. 

	Fire evacuation routes clearly organised and painted. Yearly mandatory fire training for PES staff. A safety brief for visitors and staff clearly stating what to do in the event of a fire. Fire extinguishers located at all explosive storage facilities. Fire alarm system. Controlled access and escorted visitors only. High fencing to limit member of the public gaining access.

	Direct Personnel, 

	Very Unlikely (Very Low)

	Severe
	Medium
	Yes

	
	Regular annual electrical maintenance. No movement or auditing of articles while 
electrical work being conducted. All electrical contractor’s tools to be checked and added to a permit to work to ensure that are compatible for use within the PES.

	Fire evacuation routes clearly organised and painted. Yearly mandatory fire training for PES staff and for visitors a safety brief clearly stating what to do in the event of a fire. Fire extinguishers located at all explosive storage facilities. Fire alarm system. Reduced personnel while completing maintained.

	Direct Personnel

Indirect Personnel

3rd parties

Members of the public
Personnel in training

	Unlikely (Low)
	Major
	Low
	Yes

	
	
	
	Direct Personnel, Indirect Personnel, 3rd parties, Personnel in training




	
	                                                                     Risk assessment review number 
	DOC XXXX V0_1

	
	Timeframe (i.e. 6 month, annual) and / or reason for review
	Reviewed annually, or in the event of significant changes to facilities, explosives, personnel, legislation or if the risk assessment is deemed insufficient.  
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