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[bookmark: _Toc203740338]1.0 – Introduction
Risk assessments are essential to be carried out before any form of work or processing. Risk assessments are meant to identify hazards that are prevalent in the work scenario that may arise from the work scenario specifically or from its surroundings. Highlighted risks are identified and reduced to an acceptable level via encompassing or specific controls and mitigations.

[bookmark: _Toc203740339]1.1 - Brief Overview
As part of the assignment, the cohort is broken down into groups and tasked to create a Risk Assessment and an ALARP justification document, based around an assigned system. Groups are permitted to specify which portion of the ‘manufacture to target or disposal sequence’ (MTDS) they are to create their risk assessment and ALARP justification around. Either manufacture, transport, storage, live usage, or obsolete disposal. This particular report will focus around, the storage of Brimstone II missile(s).


[bookmark: _Toc203740340]1.2 - What is a Brimstone II missile?
		A Brimstone II missile is a solid rocket fuelled; air-to-ground missile manufactured for the British Royal Air Force by MDBA. It makes use an active radar homing seeker to guide itself in a “fire-and-forget” format against enemy armoured units. It defeats these targets with a tandem (two, sequential) shaped charge IM compliant warhead with a NEQ around 6.3kg. Whilst the missile itself weighs 50kg. It is predominantly used by fixed and rotary wing aircraft and is suspended by a cradle which nestles 3 Brimstone II systems. [1]

List of Brimstone II’s Features (Public Sources) [1]
Length - 1800mm
Width – 180mm
Weight 50Kg
Warhead Type – Tandem Warhead
NEQ – 6.3Kg
Rocket Motor Type – Solid Fuel
Top Speed – +450m/s 
Operational Range – 60+ Km
Detonation Mechanism – Point detonation fuze
Seeker Type – Active Radar Homing
Per Unit Cost £100,000 - £200,000

[bookmark: _Toc203740341]1.3 - Who is this risk assessment being written for and by?
	A risk assessment should be constructed using people from as many different related backgrounds as possible; employers, employees and health and safety professionals, who know legislature and regulations. Involving the employees is crucial as these are the persons who will have to adhere to the mitigations and rules set out with the risk assessment. 

Employers and health and safety professionals may not fully understand the tasks that occur or the order that they should be conducted in so to seek information from all relevant parties; maintenance personnel included, the risk assessment can improve, making the task safer for all involved.

[bookmark: _Toc203740342]1.4 - Assumptions made for this risk assessment
	For the completion of this assignment, publicly available information has to relied on, assuming that it is factually correct, to under the capabilities of a Brimstone II missile. The factuality of this information may be brought into question were the official information to be used, however for this assignment, only public information can be used, and no proprietary information can be cited.

Assumptions made are that the storage of Brimstone II missiles is within a concrete or brick free standing structure and that they are mounded with earth according to the Health and Safety Executive’s guidance. [2]
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[bookmark: _Toc203740343]2.0 – Risk Assessment for the Storage of a Brimstone II Missile
	RISK ASSESSMENT – STORAGE OF BRIMSTONE II MISSILES IN MAGAZINE(S)

	Identified Hazard
	Persons at Risk
	Hazard Description
	Credible Causes of a Hazard
	Severity
	Probability
	Existing Risk Level
	Control Measures
	Severity
	Probability
	Final Risk

	1. Explosion

	1.1
	Impact / Shock

	Staff, Visitors
	As the Brimstone II article is being stored in a magazine, it is unlikely to suffer impact or shock. But it may suffer impact / shock during transport between storage locations.
	· Packaged Item falls from pallet, pallet truck, forklift, or sack truck
· Packaged Item dropped when on-loading or off-loading.
· Pallet truck, forklift truck, or sack truck, driven into Brimstone II or Brimstone II packaging.
· Tooling / Object falls onto Brimstone II or Brimstone II packaging.
· Failure of FLT lifting mechanism.

	4
	2
	8
	· Explosive Packaging for Brimstone II must meet with the UN / European standard drop test of 1.8 meters for dangerous goods.
· Clearways should be kept free of obstruction and in good state of repair.
· Staff are trained in manual handling of energetic articles and mobile work.
· Visitors are prohibited from handling energetic articles.
· Pallets are not double stacked.
· All tooling is prohibited from entering a magazine by staff bar maintenance personnel with essential tooling, when required.
· Forklift truck is tested at regular intervals for safety by qualified maintenance personnel.
· FLT drivers are trained and hold a valid ADR awareness certificate.
· A minimum distance of 3 meters is to be held from personnel to a moving FLT and be in a visible location, Forklifts are Category C, for maximum visibility transporting long items such as Brimstone II. A moving FLT has priority, particularly when transporting energetic articles.
· Conductive gel lining for crates.
· Smart Shock Sensors with Geographical data.
	2
	2
	4

	1.2
	Friction
	Staff, Visitors
	A stationary Brimstone II will not experience friction during storage, but the explosive article may experience friction forces during transporting into, out of or between storage locations.
	· Pallet truck, FLT, or sack truck driven into Brimstone II or Brimstone II -packaging.
· Packaged Item is dragged by pallet truck, FLT, or sack truck.
· FLT driver does not accommodate for size of Brimstone II and contacts a surface.
	4
	1
	4
	· Staff are trained in manual handling of energetic articles and mobile work.
· FLT drivers are trained and hold a valid ADR awareness certificate.
· Visitors are prohibited from handling energetic articles.
· Explosive articles are to be transported via lift only, either handheld or assisted.
	4
	1
	4

	1.3
	Static
	Staff, Visitors
	Build-up of static charge and its rapid release can be significant enough to function small, low voltage components, or function primary explosives in a ‘Safe and Arm’ unit. On its own unlikely to cause a detonation unless another factor is present, but removal and replacement of the damaged element would be required.
	· Static from contraband items.
· Static from personnel or personnel’s clothing.
	4
	1
	4
	· All Staff and Visitors briefed and adhere to contraband rules.
· PPE, Conductive Shoes are mandatory for all personnel in a magazine.
	4
	1
	4

	1.4
	Electrical
	Staff, Visitors
	
The magazine environment often has electronic components inside, lights, alarms, drencher systems. Should a fault develop with any of these systems, an explosive event becomes more likely.


	· Discharge from electrical equipment such as lighting or alarms.
· Direct or local Lightning Strikes
· Discharge from internal electrical component on missile system.
· Discharge from Forklift
	4
	1
	4
	· Lightning Alarms are to sound if a storm enters a proximity of the magazine or work site, where any work is to stop, and the magazine made safe before evacuation to a safe distance. 
· Lightning protection is to be equipped to the magazine, its earth bonding is to be tested at regular intervals.
· If a lightning event is to occur, the correct after-action procedure is to occur, where a sufficient time is to elapse before entry to the magazine is to occur for a senior member of staff to determine the integrity of energetic articles.
· Electrical Equipment is to be ATEX rated (ATmosphères EXplosibles)
· Electrical Equipment is regularly checked by a qualified electrician.
· The magazine is tested at regular intervals for earth bonding.
· Electrical components, like those in the seeker and guidance system in Brimstone II are not stored powered to prevent an internal fault.
	4
	1
	4

	1.5
	External Heat
	Staff, Visitors
	Temperature fluctuations affect materials differently. Energetic compounds degrade with each subsequent cycles changing their sensitivity. Mechanical and electrical components expand and contract breaking important components like seals and soldered connections.
	· Solar Radiation or
· Flame or Spark from Contraband
· Heat from FLT moving parts.
· Failure of temperature control systems in magazines.

	4
	1
	4
	· All Brimstone II packaging when stored in a magazine or in transmit must be and remain sealed. No boxes/ packages are permitted to be opened within a magazine.
· Storage buildings and containers are to be opaque to mitigate energetic material or electrical component degradation due to solar radiation. 
· All Staff and Visitors briefed and adhere to contraband rules.
	4
	1
	4

	1.6
	Debris/ Fragmentation /Sympathetic Detonation
	Staff, Visitors
	A large stimulus, provided by either accidental or purposeful detonation of another munition may cause the initiation of the first munition. This chain reaction of energetic articles can lead to a chain reaction
	· Accidental detonation of another munition
· Terrorist or Foreign Nation Attack
· Shaped Charge Munition
	4
	1
	4
	· Building Explosive Licence dictates maximum quantities allowed within magazine.
· Staff are trained to log and store explosives according to compatible and incompatible hazard types.
· Building construction is designed to contain an event.
· Building construction either; concrete or brick, and mounded, or other acceptable building construction according to the HSE.
· Building separation is to be adhered for allocating space to new or existing buildings.
· Shaped charges, like those in Brimstone II, are to be pointed towards the ground, if possible, else they are to be pointed in a safe direction such as away from a point of egress.
· Explosive content in Brimstone II is IM tested to ensure a minimal risk of sympathetic detonation.
	5
	1
	5

	1.7
	Shelf Life
	Staff, Visitors
	Munitions like Brimstone II have a shelf life, as the components age, they have a greater chance to degrade, munitions, age can enable other hazards to metastasize to hazardous levels.
	· Older stock has had more time to be subject to external forces, and internal components to degrade.
	2
	3
	6
	· Munitions like Brimstone II are marked with a shelf life and are sent for disposal once this date has expired or if it will not be consumed before the marked date.
	2
	1
	2

	2. CHEMICAL

	2.1
	[bookmark: _Hlk203482663]Toxicity

	Staff, Visitors
	Explosive Articles, like that of Brimstone II, frequently make use of compounds, chemicals, coatings and paints that emit noxious vapours when disturbed or opened.
	· Inhalation of FLT exhaust fumes
· Inhalation of fumes from Brimstone II
	1
	2
	2
	· Powered vehicles are not to operate whilst doors are closed.
· No boxes or packages are to be opened whilst inside a magazine.
· If an article sustains damage and contents are spilled. The area should be vacated, and the health and safety department contacted for spillage procedure.
	1
	1
	1

	2.2
	Absorption
	Staff, Visitors
	Explosive articles, like that of Brimstone II, frequently make use of compounds, chemicals, coatings and paints that may be absorbed through the skin when touched.
	· Usage of toxic heavy metals may be used in Brimstone Articles.
· Cleaning chemicals such as acetone cause this issue.
	1
	2
	2
	· Brimstone II articles are to remain sealed at all times.
· Work gloves should be worn by personnel to mitigate hazards.
· Visitors are prohibited from handling energetic articles.
· If an article sustains damage and contents are spilled. The area should be vacated, and the health and safety department contacted for spillage procedure.
	1
	1
	1

	2.3
	Ingestion
	Staff, Visitors
	Explosive Articles, like that of Brimstone II, frequently make use of compounds, chemicals, coatings and paints that unsafe to ingest.
	Touching a hazardous article and then touching one’s mouth, or consuming food or drink without washing one’s hands.
	1
	2
	2
	· Brimstone II articles are to remain sealed at all times.
· Work gloves should be worn by personnel to mitigate hazards.
· Visitors are prohibited from handling energetic articles.
· All personnel should adhere to personal hygiene rules before the consummation of food and/or drink.
· If an article sustains damage and contents are spilled. The area should be vacated, and the health and safety department contacted for spillage procedure.
	1
	1
	1

	2.4
	Skin sensitisation / Burns
	Staff, Visitors
	Explosive Articles, like that of Brimstone II, frequently make use of compounds, chemicals, coatings and paints that may use strong acids/ alkalis which are a hazard to handle without proper PPE.
	Touching or handling hazardous articles without proper PPE, may cause personnel to come into contact with strong chemicals.
	1
	2
	2
	· Brimstone II articles are to remain sealed at all times.
· Work gloves should be worn by personnel to mitigate hazards.
· Visitors are prohibited from handling energetic articles.
· If an article sustains damage and contents are spilled. The area should be vacated, and the health and safety department contacted for spillage procedure.
· Chemicals should be stored in flammable material vaults, within the listed quantities.
· All containers should be sealed/closed as soon as is practicable. 


	1
	1
	1

	· NATURAL HAZARDS

	3.1
	Humidity
	Staff, Visitors
	As water is conductive, therefore the relative humidity in the magazine affects the build-up of static charge.
	Low humidity causing a build-up of static charge.
	2
	3
	6
	· Steam heating
· Below 40% humidity, staff are not allowed to proceed with energetic processing

	2
	3
	6

	3.2
	Temperature
	Staff, Visitors
	Varying temperatures allows for cyclic expansion and contraction of elements.
Incorrect temperature can change the material properties of components.
	· Leaving articles outside of their protective packaging.
· Broken packaging.
· Broken building heating.
· Improperly set building heating.
	2
	3
	6
	· Steam heating is used in buildings instead of other heating systems which pose as a source of ignition.
· Brimstone II articles are to remain sealed at all times.

	2
	3
	6

	3.3
	Fungus and Mould
	Staff, Visitors
	Build-up of fungus and mould can damage mechanical, electrical and energetic components, and be hazardous to health.
	· Contamination of article with spores.
· Issues with Damp and Condensation.
	2
	2
	4
	· Frequent housekeeping
· Drainage systems are regularly checked by qualified maintenance personnel.

	2
	2
	4

	3.4
	Salt and Fog
	Staff, Visitors
	Salts and condensate water droplets corrode metals and degrade seals.
	· Oceanic or Coastal environments are salty, which promotes corrosion
· high relative humidity of fog/ mist also promotes corrosion.
	2
	3
	6
	· Frequent housekeeping
· Drainage systems are regularly checked by qualified maintenance personnel.
	2
	3
	6

	3.5
	Sand and Dust
	Staff, Visitors
	A build-up of grit can sensitise energetic compounds.
	· Coastal, or desert environments are prone to the accumulation of sand.
· Lack of housekeeping can allow the build-up of dust particles.
· Brick and concrete often create dust through effervescence or flaking dust from moisture buildup.
	2
	3
	6
	· Frequent housekeeping
· Drainage systems are regularly checked by qualified maintenance personnel.
	2
	3
	6

	3.6
	Seismic Activity
	Staff, Visitors
	Seismic activity can enable other hazards without prior warning, such as impact or friction.
	· Old, or poorly maintained magazines are more prone to falling into a state of disrepair.
· Magazines built in seismically active regions of the globe may have to have additional consideration to protect delicate components or sensitive munitions inside, like that of Brimstone II.
	4
	1
	4
	· Building construction methods may differ for magazines built in seismically active areas.
· Geological events vary in magnitude and likelihood depending on geographical location.
	4
	1
	4

	3.7
	Rodents and varmint
	Staff, Visitors
	Animals if presented with the opportunity will damage protective packaging to create nesting resources, reducing the efficacy of those protective measures, promoting other hazards.
	· Improperly sealed ventilation, drainage or similar conduiting allow for the access of ground and aerial varmint to a magazine.
	2
	2
	4
	· Bait stations are set out in areas of high risk
· Pest Control Officer on daily patrols of area.
· Rodent resistant packaging.
	1
	2
	2

	3.8
	Flooding and water.
	Staff, Visitors
	Water buildup promotes oxidation of material components; desensitising energetics, rusting missile bodies, and reducing the integrity of magazines, either promoting access points for unauthorised persons or varmint. Whilst Reducing the effect of blast mitigation defences in an event. 
	· Poor drainage systems, poor location, or improper housekeeping can lead to a buildup of rain or groundwater within a magazine.
· Seasonal downpours
· Rainstorms
	3
	1
	3
	· Drainage systems are regularly checked by qualified maintenance personnel.
· Staff and Visitors should be made aware of the dangers of water-born illnesses such as Legionnaire’s disease from standing water, 
· If it is raining all articles like Brimstone II are to have a waterproof covering for transport.
	3
	1
	3

	3. GENERAL

	4.1
	Poor/ Incorrect Labelling
	Staff, Visitors,
	As no packaging is to be opened inside a magazine environment therefore illegible, misplaced or poorly attached labels create stock discrepancies where articles can be lost, misplaced or being disposed of, wasting resources and causing security threats.
	· Lack of proper labelling supplies
	2
	3
	6
	· Proper labelling supplies are to be provided in excess to staff.
	2
	2
	4

	4.2
	Sabotage/ Espionage
	Staff, Visitors,
	A foreign power or terrorist cell may be interested in the nature of Brimstone II and pursue efforts to take the articles.
	· Poor security
	5
	1
	5
	· MoD or nation’s security forces, according to The Explosive Regulations 2014)
· Keypress to restrict access to authorised staff.
· Routine checks to confirm magazines are locked. 
	4
	1
	4

	4.3
	Pressure
	Staff, Visitors,
	Steam heating is frequently used as it’s a safer alternative to electric or gas heating systems, however the pipes have to be maintained, or leaks can develop.

	· Steam Pipe Burst
	3
	2
	6
	· Heating systems are regularly check by qualified maintenance personnel.
· Steam is only pressurised as hot as required.
	2
	2
	4


	Severity Matrix for Risk Assessment

	Severity Rating
	Severity Terminology

	1
	Minor injuries only requiring first aid

	2
	Serious but not life-threatening injuries requiring first aid or hospitalisation

	3
	Severe, life-threating injuries requiring first aid and immediate hospitalisation

	4
	<5 Fatalities

	5
	>5 Fatalities



	Frequency Matrix for Risk Assessment

	Frequency Rating
	Frequency Terminology

	1
	Likely to occur a number of times a year

	2
	Likely to occur a number of times in the lifetime of the magazine.

	3
	A chance to occur in the lifetime of the magazine.

	4
	Unlikely to occur in the lifetime of the magazine.

	5
	Highly unlikely to occur in the lifetime of the magazine.





	Severity
	5
	5
	10
	15
	20
	25

	
	4
	4
	8
	12
	16
	20

	
	3
	3
	6
	9
	12
	15

	
	2
	2
	4
	6
	8
	10

	
	1
	1
	2
	3
	4
	5

	
	1
	2
	3
	4
	5

	
	Frequency

	
	12-25 Unacceptable

	
	4 – 10 Tolerable if deemed ALARP

	
	1-4 Generally Acceptable


















[bookmark: _Toc203740344]2.1 – Overall Risk for storing Brimstone II
By introducing risk reductions and mitigations, the existing risk for the process decreases. For some hazards lowering it a risk rating, however for most hazards the risk rating will not change, regardless of this fact certain measures should be taken to reduce risk to improve the safety for the process. Certain measures may be deemed ‘over-the-top’, where no significant benefit is seen from the increased effort, and these mitigations can be omitted from the control measures for the current iteration.

Overall storing a Brimstone II missile, based off of this risk assessment is generally acceptable though some aspects are only tolerable if they have been deemed ALARP. The hazards that may need 
[bookmark: _Toc203740345]2.2 – How is this Risk Assessment Suitable?
		This risk assessment is suitable as it has considered the aspect of storing a Brimstone II missile as well as other factors present in a storage scenario. The risk assessment has been taken to its logical limits; Seismic activity may well be a real concern in certain regions of the world where planning meteorite impact protection would be considered illogical.
[bookmark: _Toc203740346]2.3 – Continual Review
		Risk assessments typically have a lifespan of 3 years, not because the information is out-of-date or incorrect after that time has elapsed but rather the risk assessment should be reviewed and revised if necessary. New scenarios may have come around that were unexpected when the original risk assessment was written. New methods, manufacturing or storing processes may have come onto the market, that would be best to implement as standard protocol.

[bookmark: _Toc203740347]2.4 – Suggested improvements 
		Suggested improvements have to be suitable for the environment in particular, where a QR code system would be useful for the storage of inert components, using battery powered hand-held scanners to check and update logs for quantity and storage location of energetic articles is not as sound an idea due to the hazards associated with battery powered items and ultraviolet lasers and scanners.

	Improvements that may be beneficial are using a key press system, restricting access to only authorised personnel. Or a badge-in and out system. Identification passes, also could be used for restricting access to those without authorisation.

	A closed-circuit-television (CCTV) on a magazine in an ATEX rated housing would have numerous benefits; as an additional security measure in case of sabotage or espionage, but also a watching presence would enforce critical rules such as ensuring no packaging is opened whilst inside a magazine. In the case of an accident, unbiased footage can be reviewed to better understand the cause(s) of the hazard for mitigations to be enforced in future.


[bookmark: _Toc203740348]3.0 – ALARP Justification
[bookmark: _Toc203740349]3.1 – Definition of ALARP
		No activity or process is completely risk free, particularly those that involve explosives, having a risk assessment with ALARP mitigations promotes the principle that the task, activity, trial or equipment, must not be performed or operated without a justifiable assessment that the risk has been mitigated at a proportional cost for the benefit.

	As-Low-As-Reasonably-Practicable, or ALARP is summarised as a computation where the risk of an activity is weighed and judged against a cost to mitigate that risk, not solely in terms of financial cost but time taken, and effort exerted as well.

	If the cost of mitigating the risk is tolerable the risk must be mitigated. Whereas if the cost is “grossly disproportionate” to the risk it can be omitted. [3]


[bookmark: _Toc203740350]3.2 – Demonstrating a hazard has ALARP status.
To show a hazard has ALARP status evidence must be provided in the form of an ALARP justification document to show the results of an evaluation of the cost versus the benefit of implementing additional risk reduction measures. Usually by a cost-benefit analysis and a stakeholder consultation, before concluding and implementing the mitigation measures determined to have a proportionate cost to the risk reduction.

In terms of the above risk assessment discussing storage of Brimstone II missiles, the selected hazard for this ALARP justification is ‘Impact & Shock’.

[bookmark: _Toc203740351]3.3 – Hazard Identification (HAZID)
		Each hazard is discovered using the Hazard Identification process (HAZID), this is where the experiences and ideas of persons from varying backgrounds are congregating to focus on how any task, activity, trial or equipment may fail, go wrong, or cause harm. This stage of identifying hazards guides the following stages for mitigating these hazards.
[bookmark: _Toc203740352]3.4 - Hazard and Operability Study (HAZOP)
		Each hazard has a cause or several causes, these causes are the aspects of the hazard that must be controlled. One of the numerous causes for ‘Impact & Shock’, is a Brimstone II being dropped, the consequence for a drop from approximately waist height is causing damage to the missile, in such a manner it would be best to be disposed of rather than repaired. Cracks will appear the explosive warhead affecting the jet formation of the shaped charge, the solid rocket fuel motor will also crack, resulting in the burn profile of the rocket motor changing due to change in surface area.

[bookmark: _Toc203740353]3.5 – Bowtie Analysis
		A bowtie analysis is based around the characteristic shape of a bowtie,
Each fault, such as dropping a Brimstone II and preventative devices such as placing the Brimstone II into a crate with sufficient padding and handles for a multi-person lift, is the left ribbon of the bowtie. The corresponding right ribbon is the consequence of the hazard, the Brimstone II is now damaged and cannot be used, and mitigative barriers, is there a method of salvaging this situation after it has occurred, could the warhead have IM capabilities or is there a way to re-bond the cracks and continue the Brimstone II to service, or for high order events, evacuation protocol and first aid stations. Finally, the knot itself, the overall summary, A Brimstone II article is dropped, potentially causing damage to the article at best, and fatalities at worst.


[bookmark: _Toc203740354]4.0 - ALARP Justification of ‘Shock & Impact’
[bookmark: _Toc203740355]4.1 - Efficacy of Existing and Proposed Control Measures

[image: ]
Figure 1 - Image of the Identified Hazard Impact / Shock from the above risk assessment.
Risk assessment section 1.1 details the hazard of impact/ shock to the Brimstone II missile, to make it so that the hazard’s risk is As-Low-As-Reasonably-Practicable (ALARP) the consequences of the hazard must first be identified.

First is when the impact/ shock occurs, and the Brimstone II is in acceptable condition post an inspection, the Brimstone II missile may possibly be returned to service. If the missile is dropped and it is damaged beyond repair, it will be cautiously disposed of, the final outcome is the Brimstone II suffers a deflagration or detonation, with the possibility of injuring, maiming or killing nearby persons.

	Next, all credible impacts must be defined, credible being the important factor, a meteorite impact could occur, but the likelihood is near-zero, so it was omitted from the risk assessment.

	Possible sources for impact/ shock to the Brimstone II missile include.
· Falling from pallet, pallet truck, forklift truck, or sack truck.
· Dropping during manual handling.
· Impact from vehicles such as a pallet truck, or forklift truck.
· Impact from tooling or object falling or striking.
· Failure of lifting mechanisms.

Looking at typical historical incident data for secondary high explosives the likelihood of detonation from an impact is low, however the Brimstone II makes use of an impact fuze [1], if the missile is fuzed at time of impact, the primary explosive could receive a significant stimulus to detonate. 

An existing mitigative control measure for storing a Brimstone II missile, is the usage of a Safe and Arming unit inside the missile to prevent the detonation of the primary explosive from propagating to the secondary explosive warhead, this will still irreparably damage the Brimstone II missile, but it prevents a complete high order event, potentially saving lives. 

An existing preventative barrier would be shock-resistant packaging with internal cushioning for the Brimstone II, to prevent that damage associated with an impact from occurring.

Other control measures include Operator training and forbidding those who are untrained from handling the munition, keeping areas around the storage area free of clutter, disallowing the double stacking of pallets of Brimstone IIs, forbidding non-essential items from entering the storage area to reduce the number of items contact can occur with. And giving staff moving munitions right of way and clear sightlines to prevent emergency stoppages.

	These existing control measures are good and are all beneficial, to improve the safety for the process of storing Brimstone II weaponries, other controls measures are raised, and their theoretical safety factor is evaluated. 

[bookmark: _Toc203740356]4.2 - Cost Benefit Analysis
	To consider whether the proposed control measure and its efficacy will be worthwhile, the cost of implementing such a system is to be evaluated, for niche or very specific systems it will be difficult to predict a specific cost, but an estimate or comparing the costs between solutions can be as effective.

	Control Measure
	Proportion of Risk Reduced
	Cost 
	ALARP?

	Increasing Manual Handling Training and implementing Competency Assessments
	Middling
	Low
	Reasonably Practicable. Should be Implemented.

	Conductive gel lining for crates.
	High
	Middling
	Reasonably Practicable. Should be Implemented.

	Smart Shock Sensors with geographical data.
	Middling
	Middling
	Reasonably Practicable. Should be Implemented.

	Crates float on a cushion of air similar to a hovercraft.
	Middling
	High
	Cost Disproportionate.

	Automated, unmanned underground storage system 
	Middling
	High
	Cost Disproportionate.



	From this table three proposed control measures stand out; Increasing training, a better lining for crates, and sensors that notify personnel when an impact has taken place.

	First. Increasing the competency of workforce will reduce the amounts of impacts sustained from manual handling and understanding the most effective way to restrain cargo on pallets to prevent it from moving whilst on a forklift truck or pallet truck the above will reduce the frequency of events from occurring, thus lowering the existing risk, all from implementing this preventative measure. 

	This lowers the likelihood of an event occurring however should one occur, the danger posed is still the same. A secondary measure should be implemented to reduce the severity of the hazard,

	Second. Improving the lining on the packaging systems, like that of wooden crates, to a reuseable gel lining, instead of the traditional foam inserts would increase the time taken for force applied during an impact or shock event to transfer to the Brimstone II article stored inside, this prolonging of the event stretches the force applied into a longer event with the same force propagated across the surface of the article. This mitigation measure reduces the chance that when an impact occurs, that significant damage is accrued, and a serious situation develops from the aftermath.

	With both of the above a mitigation and preventative barrier has been placed. Therefore, the process should be ALARP? Irrelevant, further measures could still be included to reduce the risk rating.

	Implementing a smart packaging system to detect and notify personnel that an impact has occurred is notable, as impacts may not obviously occur as any number of persons is present or actively paying attention. A secondary benefit would be that if an event does happen but for an unknown reason is failed to be made to the attention of superiors or health and safety personnel, a known damaged article could be distributed, passing a hazardous article into unknowing hands.

[bookmark: _Toc203740357]4.3 – What Control Measures were not Implemented and Why.

	Control measures that aren’t implemented are just as important as those that are, even if measures aren’t adopted at this iteration of the risk assessment, they should still be recorded for reconsideration at the next triannual revisit to this particular risk assessment, as technology might have progressed to a significant degree that certain proposed mitigations would reduce the risk rating an increased amount compared to the previous time it was considered. Other proposed ideas border closer to science fiction and perhaps should be disregarded.

The two control measures disregarded for this current iteration of the risk assessment for the storing of Brimstone II articles are hovercraft pallets and underground automated storage systems.

Using a floating skirt to levitate pallets of Brimstone II missiles to move them easily by a single person without the requirement of using a forklift truck or similar sounds beneficial on the surface, rough terrain and small obstacles no longer pose as a hazard that could cause impact or shock to be afflicted to the article. Unfortunately, other hazards can arise from control measures. Hovercrafts are known to generate great quantities of static electricity posing as an ESD risk instead, the rubber skirts brushing the ground generate static electricity and the captured air beneath the skirt insulates part of the craft. When the craft powers down contact with the earth is regained and a large static shock, which has had time to accrue is discharged. This alone disregards this control measure from being implemented with the current technology level, in the future this could become a possibility, however.

Storing explosives in large underground complex’s is not a new development. But using robotics, lifts and elevators a pallet could be placed onto a loading bay for the magazine to take it inside, store it according to its NEQ and explosive hazard type and dispense it again when required. The inherent access panel to control this would be restricted to keycard access making this a safer form of storage, access tunnels for maintenance and manual override would prevent the magazine from breaking down completely and allowing repairs or upgrades to be occur.

As the explosive storage area is subterranean, the magazine would require less zoning around the magazine to be cleared to accommodate for the blast modelling, allowing more space to be used at a closer to optimal design. [2]

Unfortunately, the idea of this design is extremely costly, and it cannot be actively retrofitted to an existing magazine, as it would require significant earthworks and engineering controls for adaptation of this type of mitigation control.

[bookmark: _Toc203740358]4.4 – Legislation
		Referring to legislation and regulations are also beneficial to the ALARP justification of a risk assessment, in particular following HSE guidelines [3], as well as adhering to the ISO 3100:2018 principles for risk management. [4]

[bookmark: _Toc203740359]4.5 -Reviewing Documents
		Risk assessments and their accompanying ALARP justification options should be reviewed on a triannual basis and updated where necessary, including implementing new control measures as and when they become suitable through cost-benefit analysis. Risk assessments should also be revisited when processes change significantly.

[bookmark: _Toc203740360]5.0 - Conclusion
	Risk assessments and well as their feeding ALARP justification documents are critical components to ensuring workplace environments which have effective safety management aspects. They mitigate potential hazards before they can metastasize and cause harm. By effectively directing effort into mitigating and preventing risks from occurring and reducing the likelihood effort is distributed ineffectively by cost-benefit analysis’s.
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