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Risk Assessment: Brimstone 2 guided munition
Please find below the risk assessment for a Brimstone 2 guided munition: This form contains guidance in blue “no-print notes”, which will not show when printed, or can be deleted before saving electronicaly after completion.
	Document Reference Number
	DOC/2113637
	Risk Assessor’s
(print name)
	Max Fisher, Natalie Coplin, Luke Malcolm, Gareth James, Stephen McAngus.
	Signature

	Max Fisher

	Title
	Brimstone 2: Ground Launched Dynamic Firing (from a Supacat HMT600)
	Division
	Munition Development Wing
	Date of Issue
	12/06/2024	Group
	Trinity St David Evaluation group
	Overall Residual Risk 
	Medium
	Location
(Site, building, etc.)
	Pendine Sands	Review Date
	12/06/2025	Type of Assessment
	Task (Trial)


	Brief Description of Task (include sufficient details to make the scope of the RA clear)
	Please provide a brief description of the task / activity only
Main detail and process etc. should be in the Work Instruction, SOP, Trial Plan or other supporting documentation.
Using the ground launching platform, a singular firing of a brimstone 2 missile system be launched in a dynamic firing scenario from a controlled platform remotely, towards a sea borne target threat. 

	Names of all persons involved in conducting the assessment:
	Max Fisher, Natalie Coplin, Luke Malcolm, Gareth James, & Stephen McAngus
	Brief Description of Task (include sufficient details to make the scope of the RA clear)
	Firing from a ground launch platform mounted on a Supacat HMT600. 
	

	
	Firing at a Seabourne target 2km away from launch location
	



	No
	Hazard Description 
	How could harm occur? 
	Initial risk rating
	Who may be harmed 
	Control Measures

	Residual Risk Rating

	
	
	
	Likelihood
	severity
	L,M,H
	
	
	Likelihood
	Severity
	L,M,H 

	
1


	Unintended initiation on platformClearly identify the Hazard.

	ESD – spark igniting one or more elements of explosive train, stray current providing false initiation signal to internal electronics.
	H
	Critical
	h
	Personnel in and around the vicinity of platform, destruction of platformIdentify all those who could be harmed and the number of people involved
	Use of grounding for munition, use of insensitive fills, removal of fuzing; out of line fuzing, safe-arming unit, firing prohibition when there is a risk of lightning. Non-arming- pin fitted at all times removed only immediately before firing, isolation of internal electronics from outer casing of munition. Trained FREC 3 first responder in attendance. Antistatic PPE (coveralls, lanyard) to prevent buildup on staff.
	Very Low
	severe
	low

	
	
	Impact/shock – causing breakup of propellant or SDT transition of fill.
	m
	critical
	h
	Personnel in and around the vicinity of platform, destruction of platform
	Use of lifting equipment when handling munition; prohibition of lifting by hand from floor. Use of insensitive fill, out of line fuzing, Securing munition when in launcher. Visual inspection of propellant for dust/cracking Trained FREC 3 first responder in attendance.
	Very low
	severe
	low

	
	
	RF- false initiation signals to firing unit, generation of current inside firing circuit
	h
	critical
	high
	Personnel in and around the vicinity of platform, destruction of platform
	Isolation of electronic components, use of twisted pair cabling to prevent antenna effect. Grounding of firing circuit. Prohibition of mobile electronics in vicinity, use of non-arming pin. Trained FREC 3 first responder in attendance.
	Very low
	severe
	low

	
	
	Fire
	h
	critical
	high
	Personell in and around platform, destruction of the platform
	Insensitive fill: reducing the risk of slow cook-off and providing more time for personnel to evacuate.  Use of fire-retardant materials in launch system and munition, fire retardant coveralls used by personnel loading and launching munitions. No smoking or sources of ignition in the area around the munition.  Fire extinguishers mounted on platform; do not fight the fire if it involves the munition itself. Contact range control and fire brigade.
	Very low
	severe
	low

	2
	Unintended initiation in trials storage
	ESD – ignition of elements of the munition’s explosive train, or stray current providing false initiation signals
	H
	critical
	h
	Personnel in and around the facility, destruction of the facility, potential for ignition of adjacent munitions
	Use of grounding for the munition, arming units removed for storage, fitting of non-arming pins. Use of lightning protection for facility; conducting pathways for static buildup to ground. Use of IM fills and removable fuzes. Isolation of explosive train from outer casing.  Use of maximum NEQ limits on storage buildings, reinforced structures such as traverses and mounding to direct blast and fragmentation away from inhabited or vulnerable buildings (including other storages).  Use of antistatic PPE (coveralls, lanyards and boots)
	Very low
	critical
	medium

	
	
	Impact/shock – SDT transition of explosive train or propellant. Breakup of propellent geometry. Damage to munition casing.
	m
	critical
	h
	Personnel in and around the facility, destruction of the facility, potential for ignition of adjacent munitions
	Use of lifting equipment when handling munition; prohibition of lifting by hand. Use of insensitive fill, out of line fuzing, Securing munition when in storage racks. Visual inspection of propellant for dust/cracking. Periodic lifecycle testing to check for deterioration of energetic components. Disposing of munitions when munition life exceeded.  Storing munitions on specialised holders and or racking. Removing and storing fuzes in separate magazine ‘cell’.
	Very low
	critical
	medium

	
	
	RF- false initiation signals to firing circuit, stray current generated in firing circuit
	m
	Critical 
	high
	Personnel in and around the facility, destruction of the facility, potential for ignition of adjacent munitions
	Isolation of electronic components, use of twisted pair cabling to prevent antenna effect. Grounding of firing circuit. Prohibition of mobile communication devices in and around magazine. use of non-arming pin, removal of firing unit/system/fuze during storage. Use of ‘faraday cage’ to block RF within magazine. 
	
	
	

	
	
	Fire
	h
	critical
	h
	Personnel in and around the facility, destruction of the facility, potential for ignition of adjacent munitions
	Insensitive fill: reducing the risk of slow cook-off and providing more time for personnel to evacuate.  Use of fire-retardant materials in launch system and munition, fire retardant coveralls used by personnel loading and moving. No smoking or sources of ignition in the area around the magazines. Keep magazines clear of waste, keep a minimum of 0.5m gap to any magazine wall from racking/munition storage. Automatic fire suppression system and fire extinguishers; do not fight the fire if it involves the munition itself. Contact fire brigade and implement fire emergency plan.
	Very low
	severe
	low

	
3
	Intended initiation
	Blast
	h
	severe
	m
	Personnel in and around target area, vehicles and equipment involved in set up of targets, Members of public on boats in the vicinity
	Ensuring target area is clear of both staff and members of the public. Wide area exclusion zone, policed by sentries, both on and off the water. TCO to be in constant contact with range control and sentries.  Warnings to members of general public through navigation notices. Trained FREC 3 first responder in attendance.
	Very low 
	critical
	medium

	
	
	Burns
	m
	major
	m
	Personnel in the immediate vicinity of rocket motor
	Ensuring non-essential personnel are not present at launch location. Back blast area is clear of all staff. Munition launch rails will be left to cool for at least 10 minutes, to ensure that they are safety to handle. Munitions are not to be loaded into the same launch rail immediately after firing. Trained FREC 3 first responder in attendance.
	low
	moderate
	Low

	
	
	fragmentation
	h
	critical
	H
	Members of the public or personnel around the target point
	Ensuring target area is clear of both staff and members of the public. Wide area exclusion zone, policed by sentries, both on and off the water. TCO to be in constant contact with range control and sentries.  Warnings to members of general public through navigation notices.  Trained FREC 3 first responder in attendance.
	Very low
	critical
	medium

	
4
	Drowning
	Entering the water (intentional or unintentional)
	L
	severe
	m
	personnel on sentry duty or managing the Seabourne target.
	Lifejackets to be worn by all personnel, any boat driver to have completed specific training and to be provided with radios. Trained FREC 3 first responder in attendance
	Very low
	severe
	low

	
5
	Slips Trips and Falls
	Staff slipping, tripping or falling during trial
	VH
	major
	h
	Personnel moving around trials locations, any equipment that may be carried by staff.
	S3 safety boots (steel toe caps) to be worn, good housekeeping to be observed; cabling to be run under cable protection and clearly marked, particular hazards to be marked in safety brief.  Grip surfacing to be used on boats and lifejackets to be worn.
	medium
	minor
	low

	
	Noise
	Ignition of the rocket motor or detonation of the warhead generating noise above safe working limits.
	VH
	major
	h
	Personnel in the near vicinity of target or launch.
	Use of ear defenders in conjunction with hard cover. Warning before firing, countdown to impact. Safety distances, 
	
	
	


Risk Matrix
	Likelihood
	1 Very Low
	2 Low
	3 Medium
	4 High
	5 Very High

	Probability of Occurrence
	May occur but only in exceptional circumstances
	Not likely to occur in normal circumstances
	May occur at some time
	Expected to occur at some time
	Expected to occur regularly under normal circumstances



	Severity
	Health & Safety
	Property & Equipment
	Environment

	A
Minor
	No likely injuries or Injuries requiring First Aid 
	Non-disruptive unplanned property damage or programme disruption
	Small-scale contained spillage

	B
Moderate
	Minor non-disabling injury requiring professional medical advice
	Minor unplanned property damage or programme disruption
	Minor localised spillage or release requiring action at local level to contain and clear effectively.

	C
Major
	Superficial Injuries or acute illness resulting in temporary discomfort or disability 
	Damage or plant and equipment up to £5k causing disruption to programme 
	Uncontained spillage or release causing with pollutant confined to the site. No damage to the local environment and no breach of any statutory limit. 

	D
Severe
	Lacerations, burns, concussion, sprains, chronic illness or permanent disablement. RIDDOR reportable injuries /diseases 
	Extensive damage or loss of plant, equipment, and/or facilities, up to £50k causing extensive disruption to programme 
	Localised contamination with limited intervention required to remediate. Breach of statutory limits, with potential for enforcement action.

	E
Critical
	Fatality or serious life changing injury with major effect on quality of life. 
	Complete loss of equipment, plant and/or infrastructure greater than £50k with loss of programme
	Significant / permanent or long-term damage to the environment.  Significant sustained remediation required.   Regulatory enforcement action likely.
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	Probability of Likelihood

	
	[bookmark: _Hlk169079841]1 Very Low (1x10-6)
	2 Low (1x10-5)
	3 Medium (1x10-4)
	4 High (1x10-3)
	5 Very High (1x10-2)

	Severity
	(E) Critical
	Medium (A)
	Medium (A)
	High (R)
	High (R)
	High (R)

	
	(D) Severe
	Low (Y)
	Medium (A)
	Medium (A)
	High (R)
	High (R)

	
	(C) Major
	Low (Y)
	Medium (A)
	Medium (A)
	Medium (A)
	High (R)

	
	(B) Moderate
	Very Low (G)
	Low (Y)
	Medium (A)
	Medium (A)
	Medium (A)

	
	(A) Minor
	Very Low (G)
	Very Low (G)
	Low (Y)
	Low (Y)
	Medium (A)



Risk Acceptance Criteria: 
Very Low (G) – The risk is considered to be broadly acceptable by the business, additional risk reduction methods may be implemented should they lead to the benefits of efficiency.
Low (Y) – The Risk has been considered tolerable and ALARP, this has been demonstrated that further risk reduction is impracticable to fulfil this level of risk. This can be accepted by the Health and Safety Lead, or under line management discretion. 
Medium (A) – The Risk has been considered tolerable and ALARP, this level of risk can only be accepted by the executive board.
High (R) – This level of risk is considered intolerable; this work can only proceed if government dispensation has been assigned to the work. 








ALARP Justification
Area of focus:
Unintended initiation of munition from electrostatic discharge.

Details:
Brimstone 2 firing from Static ground launcher (HMT600) at Pendine Sands test range.
Hazard 1:
Electrostatic discharge on platform

The Brimstone 2 guided munition incorporates multiple safety features to protect against electrostatic discharge. The HSE control Hierarchy as Elimination, Substitution, Engineering controls, administrative controls and finally PPE.  In accordance with DSA OME part 3, MOD ‘owes a duty of care to people on its ranges, training areas and those who might be affected by MOD’ actions’; the following details how this activity will fall within this. 

For the munition to achieve a desired terminal effect, explosives are still required, other effectors such as kinetic effectors would reduce this, but not have a similar effect. Additionally propellant methods such as coil gun and compressed air either do not provide enough motive force or are not full matured technologies, leaving rocket motors as the most effective means of generating the thrust required for the Brimstone 2 missile, hence elimination is an unfeasible option in this case. 

The munitions energetics however can be replaced; historically more sensitive energetic materials were used in munitions. These more sensitive materials functioned well at the target, but regularly led to accidents, in response to these other types of energetics such as Insensitive explosives, and LOVA propellant, these still retain the desired explosive qualities during flight and at target but are much less sensitive to external stimuli such as ESD. By using this less sensitive energetics the risk of accidental or unintended initiation is reduced significantly.  JSP333 the joint services textbook divides energetics in to two classes of when considering electrostatic hazard, those initiated above 0.02 joules and those below; it is imperative that as many of the energetic components as practicable are used in the above 0.02j category, this is further expanded upon in the EMTAP tests, where ignitions below 1mJ is class as very sensitive, ignitions between  156mJ<1mJ are sensitive and ignitions >156mJ are comparatively insensitive; once again where practicable, only comparatively insensitive energetics should be used.

The Brimstone 2 munition also utilises out of line fuzing. This means that in the event that the primer functions unexpectedly, the energy is released away from the main charge. This prevents a detonation of the main warhead and results in reduced likelihood of accidents. This fuze is kept out of line until the last possible moment, reducing the window of opportunity for ESD discharge to affect the munition. A non-arming pin is also used here, this prevents the electronic arming unit from functioning on the ground, where ESD buildup from personnel is more likely to occur. This again acts as an engineering control to reduce the likelihood of incidental ignition. The electronics of the munition is also electrically isolated from the outer shell of the munition, this means that the static generated from the friction of the air is not passed to the safe arming unit; again, this reduces the chance of an accidental initiation. The safe arming unit, which controls the firing sequence will also have a minimum flight distance before arming, this will allow the munition to clear the launch area before arming the main fuze; this reduces the risk further to the operating crew. This also has the added benefit of preventing initiation inside the trials magazine; the munition will be unable to travel the required distance to arm, even in the event that the non-arming pin was removed, and the fuze was left in line. Whilst the munition is being transported or loaded it will be fitted with a grounding tether, this will allow a safe discharge pathway to prevent buildup of electrostatic energy.

When loading and firing the munition, a minimum number of personnel will be used to conduct all tasks. This reduces the number of potential casualties in the event of an incident; guests and monitoring personnel must observe from a safe distance and while under hard cover. A trained FREC 3 first responder will also be present; this individual must not be involved with any tasking to ensure that the individual will be able to assist in the event of an incident.  All members of the trials team will be briefed on the hazards of the munition and the importance of reducing electrostatic buildup, as well as what to do in the event of an emergency; immediately contacting range control, evacuate to the safe points, and treating any injured personnel. 

Whilst PPE is the least effective control measure available, it is still an important measure. To reduce the buildup of static on the personnel themselves there is several important pieces of personal protective equipment, Anti-static coveralls, antistatic lanyard. Anti-static coveralls reduce the buildup from skin on cloth friction; nominally an individual can generate a potential difference of over 30,000 volts but antistatic coveralls will significantly reduce the charge buildup.  Any charges that have built up can be discharge via they lanyard; this provides a safe, conducting path to discharge, away from the energetics or firing circuits of the munition.  Conducting boots would also aid in this, again providing a safe discharge route away from the munition however these are likely to wear more quickly than regular boots especially in the field, this may present a hazard as metal plates within them may cause a spark hazard when worn.  It is also important that the coveralls used are flame retardant; this is because in the unlikely event that a rocket motor was to initiate, the coveralls would allow the personnel to clear the area, lessening the effects of burn injuries. 

Hazard 2:
Electrostatic discharge in Trials Storage magazine

Preventing unintended initiation from electrostatic discharge in a magazine is broadly similar to that on a platform, as previously described the missile utilises an insensitive fill for the warhead, this immediately reduces the likelihood of accidental initiation considerably when compared to non-insensitive energetics.  However, there is an additional step that can be taken when in storage; the fuze may be removed entirely. This removes the most sensitive energetic components from munition, these are stored separately or inside sealed storage boxes, this means that even in the event the fuze initiates, it will be contained within the box.  This leaves the main body of the munition in a significantly less vulnerable state; main fill generally requires a very significant stimulus to detonate, especially as it is an insensitive fill.

The magazine is also important to consider, the building must be substantial, providing protection for the munitions within including for Electrostatic discharge, in this case through lightning protection. Direct conductance pathways should be installed, allowing the vast energy of a lightning strike a pathway to discharge away from the storage areas and into the ‘ground’. This bonding should also be applied to any metal surfaces such as blast doors, preventing the opportunity for electrical sparks. To further aid in this case, it is essential a gap of at least 0.5m is left between the munitions and the walls of the magazine, this helps to prevent arcing as well as provide a fire gap. Ideally, each munition would be stored separately, which each warhead provided its own building. Unfortunately, this would be impractical both a financial and space point of view. As such a storage capacity is decided on by NEQ: as long as the total equivalent mass of energetics remains below the NEQ threshold then the storage can be considered safe from this perspective. 

When storing the munitions, they should be tethered to ground, this helps to prevent any buildup of static within the munitions casing munitions stored together should also be connected. When handling the munitions in the magazines such as loading, unloading fitting or removing fuzes, all personnel should wear personal protective equipment. This is the last line of defence for the individual but is a critical part of the health and safety regime. As with the on-platform scenario, PPE to be worn includes both antistatic coveralls and an antistatic lanyard. However, a key difference here is the use of antistatic or conductive boots. Within the magazine, the terrain is less hard wearing on the boots and there is more opportunity to replace them, the concern about metal plates generating sparks is lessened (although boots should be inspected regularly). This further reduces the likelihood of a static buildup and allows any charges which have developed to discharge away from the munitions.

Summary:
Above is presented a justification for making the risks arising from electrostatic discharge from the Brimstone 2 munition. While it is possible to use some additional measure to further reduce the risks, these will result in little increase to mitigation effect, while contributing significantly to the administrative, procedural and cost burdens. This means that they are not reasonably practicable mitigations.  By making the choices seen above, for both on platform and in trials storage, the hazards presented by electrostatic discharge can be moderated within acceptable levels. This is one part of a suit of justification to demonstrate that the risks to personnel, equipment, facilities and most importantly members of the public are As Low As Reasonably Practicable in accordance with the 1974 health and safety at work act. 
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