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	Munition Type: Brimstone 2 
Lifecycle Phase: In-service 

	Hazard 
	Description
	Accident 
	Cause 
	Likelihood 
	Consequence 
	Risk Estimation 
	Risk Reduction 
	Likelihood 
	Consequence
	Risk Estimation 
	Risk Class

	Inadvertent Warhead Detonation 
	Missile warhead without user input
	1.1 Explosion resulting in loss of weapon, platform and death.
	ESD, fire or electrical insult.
	possible
	Severe 
	High
	Use Insensitive explosives. 
Operating Procedure on how to load and fire missile safely. 


Loading of the munition should require employees to use anti-static Personal Protective Equipment (PPE).

Regular refresher training on how to use the munition and regular shift changes for staff to avoid mistakes being made and Human Factors (HF) from occurring through stress, fatigue or complacency. 

Regular testing on the munitions such as bullet testing, fragmentation impact, Slow/fast cook-off, shaped charge and spall impact. 

 
	Rare
	Severe
	Medium
	Unlikely

	Incorrect Target Hit
	Missile fails to hit designated target
	Civilian casualties or damage to property.
	Failure of guidance system
	Likely 
	Major
	High
	Redundant flight systems.
self-destruction sequence.
Backup guidance system. 

Regular audit check on the whole munition including the guidance system. 

insert a guidance system which allows the user to take over should the system be off course which was projected. Like a guided missile. 



	Unlikely
	Major
	Low
	Ulikely

	Premature ignition of propellent
	Propellent ignited without user input
	Propellent fire while attached to launcher
	ESD, fire or electrical insult.
	Likely
	Major
	Medium
	Shielding of Primers.
Strong and weak links.
Fire control measures within the working environment (Fire blanket, extinguishers and muster zone). Grounding measures for munition when not being launched. 
	Unlikely
	Major
	Low
	Unlikely

	Failure to Launch
	Missile fails to launch from launcher
	Armed munition attached to platform with potential for explosion
	Missile fails to detach from launcher mechanical failure
	Possible
	Severe
	High
	Accelerometers for arming sequence.
 Redundant launch
mechanisms.

Emergency Eject munition.

Logic gate which knows that if a failure to launch occurs the detonators and warhead do not detonate.  

Detection system for when the system launches if it has not moved by a metre in 4 second launch is terminated. 
	Unlikely
	Severe
	Medium
	Unlikely

	Unreliable rocket motor function
	Propellent burns in unintended way
	Burns to personnel, incorrect target hit 
	Poor propellent mixture
	Likely
	Major
	Medium
	Quality control.
Inspection of assembly.

Burn rate limiter.

Rocket motor testing prior to construction stage of the munition. 

Standoff section for when the munition is being launched from the ground. Therefore, should it cause fire injury to personal will be limited. 
	Unlikely
	Major
	Low
	Unlikely





Part 2- As Low as Reasonably Practicable (ALARP) Justification
1 Introduction
The hazard selected for an ALARP justification on Brimstone 2 missile is the inadvertent warhead detonation. This is due to the detrimental effects which this hazard may cause to personnel within the vicinity and the environment. Mitigations placed for this hazard to occur could cost significant amounts of capital and reduce the risk significantly and other mitigations potentially less money could be provided, however this is likely to only reduce the risk minimally. 

Joint Service Publication (JSP) 815 outlines the requirements for suitable control measures to be implemented which control the risks to a level that is As Low as Reasonably Practicable (ALARP) in accordance with the Health and Safety at Work Act 1974 (HASAWA) [1]. 

2 Hazard Description
The hazard of an inadvertent detonation of a Brimstone 2 missile could be catastrophic in many aspects regarding health and safety as well as MOD reputation. The weapon system contains a shaped charge as part of its design, and this is constructed to penetrate through tanks and other armoured vehicles. Therefore, if the secondary explosives were to ignite and detonate inside the brimstone during the loading process or the firing process this could result in substantial loss of life to personnel within the loading vicinity. This could be in the form of debris or fragmentation which may cause penetration through the human body, and this highlights the importance of loading and launching procedures when it comes to this munition.  
The warhead is in the central section of the missile and consists of 3 components. It has a tandem shaped charge which is armour penetrating, a command fuse which are used to give a specific period before detonation and an impact which detonated upon impact to the desired target [2]. A schematic of the design of the Brimstone 2 missile is shown below in Diagram 1.

[image: Brimstone Guided Missile - Think Defence]


(Diagram 1: Brimstone 2 Schematic [3])

3 Risk Reductions 

3.1 The use of Insensitive Explosives 

The first mitigation was selected by brainstorming solutions to inadvertent detonation of explosive munitions. The use of an insensitive explosive composition within the warhead compartment of the Brimstone 2 would be beneficial as this offers the safety mitigation of reducing initiators or primary explosives such as Lead Azide, Lead styphnate, Copper Azide etc. Hazards such as Electrostatic Discharge (ESD), friction, impact and heat are reduced.  These primary explosives are known for their sensitivity and therefore could inadvertently ignite the Brimstone 2 warhead by starting the explosive train. 


Instead of using these sensitive explosives a command fuze could be implemented into the Brimstone 2 explosive train. Currently the Brimstone 2 warhead design consists of a command fuze, an impact fuze and a shaped charge [2]. Instead, a of a command fuze a proximity fuze could be used, and this would detonate the shaped charge into the target within a specific distance to the target. This should reduce the risk of inadvertent detonation whilst loading and firing the missile. The cost per proximity fuse would be approximately £239.37 per fuze and therefore per brimstone 2 missile [4] . This would require the recall of Brimstone 2 missiles to be recalled and fitted with the proximity fuzes which would impact work forces capability and effort. Testing would also need to be approved to ensure product quality and safety, and this could cost more in terms of testing and auditing. Therefore, this may be less reasonably practicable due to the cost, effort and time this may take to implement. 

3.2 Operating Procedures 

The risk reduction was selected as accidents are more likely to occur when staff aren’t aware of what they are required to complete or deviate from the process.  A written and digital Standard Operating Procedure (SOPs) should be constructed to ensure the process of loading and launching the brimstone 2 missile can be easily completed by staff. The SOPs should be easily accessible and comply with Explosives Regulations 2014, DSA 03 Ordnance, Munitions and Explosives (OME) Part 2 and Health and safety At Work Act (HASAWA) 1974 Legislation. During the onloading procedure there should be a reader to complete the step and to check off steps completed as well as a fitter and a form of engineering compliance which ensures the process is being completed in compliance with the SOP. During the loading and launching process it is necessary for a contraband system to be implemented as this can reduce the risk of Human factors occurring and inadvertent detonation. Contraband typically consists of:
· Open Flame (lighters, matches etc)
· Cigarette snus
· Radio
· Mobile phones

Radios and Mobile phones are particularly dangerous to munitions as these systems emit and transmit electromagnetic waves, most well-known are radio waves. This therefore makes these systems a Hazards to Electromagnetic radiation to Ordnance (HERO) and can therefore detonate the warhead through the waves transmitted. This may also increase Electrostatic Discharge (ESD) on clothing or personnel, and this may be a hazard when meeting the munition [5]. This should be included in the SOP to ensure that personnel are aware of the hazard and measures stated in DSA 03 OME part 2 chapter 24 should be taken into consideration prior to encountering any explosive munitions. This should be a cheaper risk reduction to implement however it may not be the most reliable in terms of human factors as written documents may be interpreted differently by different members of staff and for this reason regular adaptations may need to be made to documentation. This may be more reasonably practicable than using insensitive munitions, however, may not be as effective in terms of a risk reduction measure due to the factors previously mentioned. 
3.3 Personnel wearing ESD protective clothing during Loading Process of the Munition

This was chosen as ESD is thought of in terms of safety from explosive munitions and this can result in damaging key components in the system or a catastrophic accident. Static electricity is created when there is an imbalance between both positive and negative charges in an object [6]. Another risk reduction which would be beneficial to reducing the hazard of an inadvertent warhead detonating during the launching or firing process would be for staff to wear some ESD protective Personal Protective Equipment (PPE) or implement ESD protective measures within the operation location. Some of these control measures could be:
· Anti-static Regime.
· HAPTEM meters. 
· Bonding stations. 
· ESD wristband which are grounded. 
· ESD protective overalls. 
· ESD protective gloves.

A safety culture should be set around these control measures to highlight the importance of wearing/using this equipment for staff safety and for complacency not to occur during the process. 

3.4 Regular Refresher Training Implemented by Senior Management

This risk reduction was selected as most workplace accidents occur from complacency in the workplace and regular refreshers training may reduce the likelihood of this occurring through thorough training which is recorded. Regular refresher training would be beneficial to personnel as many workplace accidents occur from deterring from procedure or from complacency in the workplace. This would entail regular mandatory training for staff within the workplace which highlights the key areas of responsibility when working with the Brimstone 2 munition. This mandatory training would be brought into the workplace and a record made of staff who has completed this training. This would highlight the importance of safe operating parameters for the missile and may make staff more vigilant to hazards during the in-service lifecycle. Some of the mandatory training provided would be:
· Hazard Identifications during loading and firing the Brimstone 2 system.
· Health and Safety.
· How a Brimstone 2 missile should be fired from all launching systems (Fighter jets and helicopters).
· How the Brimstone should be loaded.
· Human Factors training. 
· How to report a near miss or accident within the workplace. 

4 Future Risk Reduction Consideration 
4.1 Remove Human Interaction with the Missile. 
This was a consideration for the Brimstone 2 missile and the launching system. This is a risk reduction which would be exceptionally beneficial in terms of inadvertent detonation however, this would be extremely expensive to implement across industry. This would remove human interaction with the missile which could then cause more hazards to occur through the Brimstone guidance system which would cost more money as well as time. The risk reduction would include the launching systems being completely automated and this would cost an incredible amount of money and time through testing, during operation and maintenance which makes this risk reduction grossly disproportionate to others stated. 

As a result, this risk reduction opportunity would not be applicable to reduce the risk as it would potentially increase other hazards such as system failure.  

5 Conclusion 

As a result of the risk reductions stated, there is a significant amount of control measures which are in place to ensure safety during in-service operation for the missile which makes the hazard of inadvertent detonation unlikely. To maintain the ALARP status these risk reductions should be regularly maintained through frequent auditing by quality control inspectors and external regulators which give positive and constructive feedback on what could be improved during the process. New and emerging technology should also be considered for the munition which may install a greater risk reduction and therefore more control measures for the system. This also involves regularly evaluating and updating the risk assessment for using the Brimstone 2 missile and understanding what implementations can change the risk class for the missile and finding innovative ways of reducing the risk class as far as reasonably practicable (this should include hazard identification sessions using multiple techniques for example the Structured What If Techniques, hazard checklist, Failure Modes and Effects Analysis (FMEA))  Further cost benefit analyses should be conducted to assess the cost of implementing some control measures as inflation may make some risk reductions harder to implement due to ongoing costs. 
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