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[bookmark: _Toc203738441]Task / Process Description
This risk assessment investigates the safe storage of Brimstone 2 missiles. The possible dangers / hazards involved with keeping the guided munition in storage will be explored, including things like the explosives inside, propulsion system, sensitive electronic components and facility design / features. The assessment will cover risks related to environmental factors, security, and how the munition is handled to avoid accidents or accidental detonation. After identifying the hazards, the next step is to estimate how much risk each situation has before any safety measures are in place. Then, a list of controls and ways to reduce risk will be suggested. Finally, the risks will be reassessed after applying the controls to make sure each scenario is as safe as possible for the people and the facility. This risk assessment will be reviewed and updated on a yearly basis.

Explosives regulations 2014 – Safety provisions L150 states multiple ways a unplanned explosion may occur. These include:

	Naked light or flame
	Heat / temperature
	Electricity

	Sparks
	Impact or friction
	Pressure

	Chemical incompatibility
	Contamination of explosive
	Loss of desensitising agent



It also states high-risk operations and other potential hazards:

	Spread of fired form neighbour buildings
	Operator error

	Equipment malfunction
	Service Failure

	Inappropriate tooling
	Loss of containment of explosives

	Effects of interruptions / breaks
	Transport of explosives

	Disposal and commissioning
	Ancillary activity – cleaning, testing, fixing



Lastly, people at risk of an explosion, the public – on site or off site, workers, visitors or contractors, emergency services. [3]


[bookmark: _Toc203738442]Explosive details
Brimstone Technical Characteristics [4]:
Weight – 50kg 
Length – 1.8m
Diameter – 180mm
Guidance – Millimetric wave radar and Semi-Active Laser.
Warhead – Tandem-shaped charge.
Navigation – Compatible with all STANAG 3733 laser designators.


[bookmark: _Toc203738443]Facility Description
The storage building is located on a secure site, which requires an ID check on entry and further ID badge scanning to pass through main doors on site. On the main entrance, armed guards maintain strict security on who enters and leaves the site. The main storage building is located a safe distance away from other buildings, and made out of heavily reinforced materials to absorb any accidents that may occur. Personnel that have access to the building are Engineers, Stores Supervisor, Stores personnel – Forklift operators, Maintenance teams.

	
	[bookmark: _Toc203738444]Risk Assessment

	Hazard Identifier 
	Persons at Risk
	Hazard Description 
	Accidents and causes that may lead to the Hazard
	Severity
	Probability
	Pre-Control Risk Level
	Control Measures
	Severity
	Probability
	Post-Control Risk Level

	
	1 Explosion Hazards

	Detonation/Deflagration

	1.1 Friction
	Employees – Forklift operator, engineers or site maintenance in the area.
	The package will not experience much friction during storage, but when it is being moved in / out of the building or rearranged within the facility there are multiple points of friction potentially being caused. The explosive will be stored on a pallet which makes it easy for the forklift operator to manoeuvre it.
	Driving forks through packaging
Unsecure object within packaging
Package sliding on to forks
Package lowered to floor while still moving
	4
	3
	12
	All forklift operators are trained and hold a valid ADR awareness / are SQEP personnel only.
Packaging of Brimstone, including pallet, inspected regularly and approved before moving.

	4
	1
	4

	1.2 Impact
	Employees – Forklift operator, engineers or site maintenance in the area.
	The explosive is stored on a pallet that is moved from a lorry on the landing area, into the storage facility, during movement there are multiple potential impacts that the explosive could experience.
	Pallet falls from the forklift and impacts the floor
Pallets falls from FLT lifting mechanism failure.
Pallet falls from landing
	4
	3
	12
	All forklift operators are trained and hold a valid ADR awareness.
Explosive and packaging meet with European Std drop test criteria.
FLT has regular safety and maintenance checks by a qualified fitter.
Cab is fully enclosed to protect operator.
Access routes are kept in good state of repair.
Operator is trained to only operate on firm, level ground, on a marked track, in a driving position that doesn’t obscure vision, in a large open loading area and is prohibited from stacking more than 2 meters high.
	4
	1
	4

	1.3 External Heat
	Employees – Forklift operator, engineers or site maintenance in the area.
	The explosive is sensitive to the different temperatures it experiences, high or extreme temperatures can damage Brimstones components and effect the safety and reliability of the product.
	Flame or spark from contraband
Spark from FLT
Extreme weather
	3
	3
	9
	Site safety rules apply to contraband, Sire rules induction to all personnel and contractors including being informed of what is contraband and how to sign in / out of areas around storage facilities. 
All FLT are regularly tested and maintained by qualified fitters to not run excessively hot, and all hot components are covered by shields.
Packages are not allowed to be opened within the storage area, all boxes remained sealed and secure while in storage.
If a pallet becomes burnt / damaged, it is to be replaced as soon as possible.
	3
	1
	3

	1.4 Static
	Employees – Forklift operator, engineers or site maintenance in the area.
	Static electricity is easily built up unknowingly and has the potential to damage electrical components of the product and even cause ignition of sensitive materials.
	Improper grounding
Personnel movement
Environmental conditions – Low humidity
Faulty equipment
	4
	2
	8
	All electrical equipment is regularly tested by a qualified electrician.
All equipment within the building is suitably earthed and bonded to the main building earth.
The main building earth is tested at regular intervals so confirm it is working as intended.
Only tested and certified equipment allowed within the building.
	4
	1
	4

	1.5 Debris / fragmentation
	Employees – Forklift operator, engineers or site maintenance in the area.
	The storage facility may experience an accidental detonation of a shell on site for many reasons, the items being stored should be adequately protected from fragmentation outside and inside.
	Accidental detonation in manufacture
War / Foreign attack
Inadequate storage conditions

	4
	1
	4
	Licence for building states quantity of explosive allowed within the building 
Construction of the building designed to contain an event.
Building is semi-buried and has reinforced walls, roof and floor to protect a blast going in or out.
	4
	1
	4

	1.6 Unplanned / Sympathetic Detonation
	Employees – Forklift operator, engineers or site maintenance in the area.
	Unintended ignition of explosive materials caused by multiple possible factors. A chain reaction can occur where one explosive being detonated, causes multiple other explosives around it to detonate after. Unplanned detonation may occur during all stages of Brimstones lifecycle. It has the chance of multiple fatalities if personnel are in its vicinity.
	Poor packaging or containment
Environmental conditions
Instability of compounds
Shock wave transmission
Heat transfer
Fragmentation impact
Rough handling
	5
	2
	10
	Licence for building states quantity of explosive allowed within the building. 
Construction of the building designed to contain an event.
Building is semi-buried and has reinforced walls, roof and floor to protect a blast going in or out.
4. Storage areas within the building are partitioned so that chances of sympathetic reaction are reduced.
	5
	1
	5

	
	2 Chemical

	2.1 Chemical Toxicity / Contact
	Employees – Forklift operator, engineers
	Packaging may become damaged during movement which could expose explosive material or battery contents, these are harmful if contacted with skin and pose a potential disk of accidental ignition.
	Inhalation – exhaust fumes from forklift,
Explosive - Absorption (skin) / Ingestion
Damaged packaging

	2
	3
	6
	1. All packages within the store are checked to ensure no leaking of substances, liquids, solids or gasses. 
2. Packages are not opened within the building as per site rules.
3. Fumes from forklift will vent to atmosphere 
4. If packages are split and spillages occur, operators are to vacate the area and contact SHE Department for further steps. 
	2
	2
	4

	
	3 Physical Hazards

	3.1 Burn
	Employees – Forklift operator, engineers or site maintenance
	The storage facility has steam heating to regulate the buildings temperature, these have the potential to burn the users of the area, similarly the FLT has an exhaust that will burn if touched in use.
	Steam heating
Forklift trucks / transportation vehicles exhausts

	2
	4
	8
	Steam heating is only used when needed within the building, it spends most of its time at ambient temperature.
Forklift trucks have inaccessible exhaust systems which are blocked by shielding, its engine and cooling systems are enclosed, not accessible during operation.
	2
	1
	2

	3.2 Lighting / Sight
	Employees – Forklift operator, engineers or site maintenance
	Lighting is required so that users of the building can navigate and operate efficiently. Poor lighting may cause incorrect labelling / reading of labels.
	Missing light sources
Broken light sources
Time of day
Poor housekeeping – dust / dirt 
	1
	5
	5
	If building lighting is poor, certified torches are allowed to be used which have been tested to be safe to use around explosives.
Only trained and qualified electricians can change lights.
	1
	3
	3

	3.3 Dust
	Employees – Forklift operator, engineers or site maintenance
	The facility requires scheduled housekeeping to keep the area clean enough for users of the building, build-up of dust can be hazardous to the wellbeing of the employees using the building, dust inhalation can lead to respiratory conditions. 
	Inhalation / ingestion / absorption
Poor housekeeping
Poor ventilation

	1
	4
	4
	No packages are opened within the building; this reduces explosive residue / dust being moved / released into the building. 
Site rules forbit items classed as contraband. Food and drinks are not allowed in the building.
Personal hygiene is signed and reminded to employees to wash hands before consuming food or drink after being in the storage building. 
	1
	3
	3

	3.4 Noise and Vibration
	Employees – Forklift operator, engineers or site maintenance if in building
	The forklift will be creating a lot of noise and some vibration inside the storage area. 
	Diesel forklift is loud 

	1
	5
	5
	Forklift operator given adequate PPE, including ear defenders.
Review ownership of PPE and replace as required. 
Noise not considered an issue – 1 meter rule.
	1
	3
	3

	3.5 Electricity
	Employees – Forklift operator, engineers or site maintenance if in building
	Electrocution / shock, burns / fires, ignition of flammables / explosives, static build up can be hazards experienced due to electricity, t
	Exposed wiring or faulty equipment
Damp conditions
Lack of PPE
Static discharge
	2
	3
	6
	Building electricity is earthed and regularly checked at planned intervals by a qualified electrician.
Test register of buildings held by the Electrical Department.
Only limited electrical equipment installed in the building.
Faulty equipment reported and replaced ASAP.
	2
	2
	4

	
	4 General Hazards

	Contact

	4.1 Falling Objects
	Employees – Forklift operator, engineers or site maintenance if in building
	If items are stored incorrectly or the storage conditions in the facility are poor, objects may slowly fall over time and lead on to a high impact scenario if it falls from height, this is a danger to the personnel in the area and can damage the product.
	Inadequate storage conditions – degradation of pallets / shelves
Improper stacking technique 
Untrained forklift operative
Shock wave
	3
	3
	9
	FLT operators are fully trained, this is renewed every 3 years. This training covers movement of loads / goods supplied on pallets.
Manufacturing instruction in place to limit number of pallets in designated loading area and number of pallets that can be stacked.
FLT operators are trained to only work on firm, level ground, in a designated area, in a seating position that isn’t obscuring view and know not to stack more than 2 meters high.
Sire operates with a 3 meter rule, where powered vehicles must stop within 3 meters of a pedestrian. 
If the packages / goods are considered unsafe by the stores’ personnel, it is to be rejected and returned to vendor until made safe.
Further risk assessments / method statements are complete if additional work is carried out by maintenance or contractors in the area.
	3
	2
	6

	4.2 Stationary objects
	Employees – Forklift operator, engineers or site maintenance if in building
	Objects should only be left in designated areas, in organised formation and with easy access. Stationary objects only become a hazard when they are blocking access ways / exits.
	Unorganised storage 
Blocked access ways

	1
	4
	4
	No unauthorised personnel allowed within the building.
Support stanchions / walls are painted white to make them easily visible within building.
Lighting is regularly checked and maintained for visibility.
Only offloaded goods are in the area, organised and controlled by the FLT operator and supervisor.
Offloading / storage takes place in designated areas.
Authorised personnel only allowed in designated areas.
	1
	2
	2

	4.3 Falling
	Employees – Forklift operator, engineers or site maintenance if in building
	The employee moving around the storage area may be able to fall off the elevated loading platform used to unload large vehicle contents by forklift, similarly if using any form of ladder, the user may fall from height.
	Falling off landing during delivery of explosives
FLT operator falling out of vehicle
FLT load topples
Working from height
	2
	4
	8
	Operatives / users aware of dangers around loading platform.
Access steps fitted with handrails.
Landing edge painted clearly with red paint.
Personnel working on landing are trained / SQEP.
FLT operators are required to wear seat belts.
FLT operators are trained to not stack unsafe loads and not go above a 2m height limit.
	2
	2
	4

	4.4 Tripping
	Employees – Forklift operator, engineers or site maintenance if in building
	Users of the area may be alone so if an injury occurs from tripping, the user needs to be able to contact help. It is easy to fall over something unexpected when distracted looking for specific items or navigating the store.
	Uneven floor
Broken strapping
Items not stored in designated areas
Lights off – power outage

	1
	5
	5
	General housekeeping rules will highlight issues – any hazards are reported to supervision / site services to be resolved ASAP.
Good housekeeping keeps the area free of trip hazards – packages are stored within designated areas.
	1
	4
	4

	4.5 Moving parts
	Employees – Forklift operator, engineers or site maintenance if in building
	If there are any moving machinery parts, e.g. lifting equipment, there may not be noticed by a user of the space and could cause impact or trip hazards if bumped into.
	Hard to see equipment
Inadequate signage 
Forklift moving objects in storage
	2
	3
	6
	No static machinery installed in the building.
FLT operator is trained and SQEP.
FLT is inspected prior to daily use and logbook signed.
FLT operators follow site wide 3 meter rule, moving vehicles must stop if within 3 meters of a pedestrian.
Signage placed on FLT pathways, moving parts painted bright colours.
	2
	2
	4

	Entrapment Hazards

	4.6 Parts of the body
	Employees – Forklift operator, engineers or site maintenance if in building
	The forklift could crush someone by the driver not seeing them, similarly with lifting straps / chains fingers can be trapped by accident during lifting. Objects that aren’t stacked well may fall and trap someone underneath.
	Moving parts on FLT
Chains / straps on FLT
Pedestrians not seen by FLT
Falling objects from a stack
	3
	3
	9
	FLT operators are within the cab during loading / moving packages
Limited number of people allowed within the building at one time
Access routes for FLT are illuminated and kept free from obstructions.
Only trained and SQEP personnel can use FLT.
Site wide 3 meter rule, moving vehicles must stop when within 3 meters of a pedestrian.
Loading / movement of FLT only in designated areas.
Pedestrian area has safety barriers to separate vehicle area.
Only authorised personnel allowed within / around the building.
PPE / Hi Vis clothing worn by all personnel within the operational area.
Signage displayed around site of required PPE for operational areas.
	3
	1
	3

	4.7 Clothing 
	Employees – Forklift operator, engineers or site maintenance if in building
	Similarly to above, moving objects can trap operators clothing during lifts or movement of the forklift truck.
	Moving parts on FLT
Chains / straps on FLT
Pedestrians not seen by FLT
Falling objects from a stack
	1
	3
	3
	Like above.
Only site issued clothing allowed within the storage area, this includes safety footwear, Hi Vis clothing, etc.
In event of a contractor working in the area, further risk assessments, method statement and permit to work required.
	1
	2
	2

	4.8 Restricted escape route
	Employees – Forklift operator, engineers or site maintenance if in building
	The exit route of the storage area may become blocked / restricted for many reasons, it is important to keep a clear exit so that in an emergency, all personnel in the building can get out quickly.
	Objects not being stored in an organised manner and not in specified areas
Door closed behind operator
Fire / disaster blocking exit route
	3
	3
	9
	Packages are only stored within designated areas.
When working in the building, all doors have locks removed.
Two entry / exit doors to building at opposite ends.
Personnel in / around the building are trained on where to go in event of emergency.
	3
	2
	6

	Environmental Hazards

	4.9 Humidity
	Employees – Forklift operator, engineers or site maintenance if in building
	High humidity leads to corrosion of components and low humidity leads to deterioration of seals and polymer components while also allowing for static to build up, it must be monitored and regulated to stay within the optimum range for storage.
	Extreme weather conditions
Faulty humidity reading equipment / sensors

	2
	3
	6
	Building has digital and mechanical hygrometers which are monitored regularly to ensure building is kept within safe parameters.
Safe parameters are calculated to be specific for the items being stored within the building.
Testing equipment done regularly on planned intervals, by qualified fitters and electricians.
Adequate and controllable ventilation to the building in case of high humidity weather.
Alarms sound if temperature reaches levels outside of the planned parameters.
	2
	1
	2

	4.11 Temperature
	Employees – Forklift operator, engineers or site maintenance if in building
	Extreme temperatures will affect the delicate electrical components of Brimstone, while also possibly altering the characteristics of the explosive compounds and battery within it. This will lead to an unpredictable and unsafe product.
	Building has inadequate temperature regulation

	2
	3
	6
	Building has digital and mechanical temperature sensors which are monitored regularly to ensure building is kept within safe parameters
Safe parameters are calculated to be specific for the items being stored within the building.
Testing equipment done regularly on planned intervals, by qualified fitters and electricians.
Adequate and controllable cooling / heating systems installed in case of extreme temperatures.
Alarms sound if temperature reaches levels outside of the planned parameters.
	2
	2
	4

	4.12 Lightning
	Employees – Forklift operator, engineers or site maintenance if in building
	Lightning is always a possibility; buildings must be prepared to be able to withstand a direct hit without allowing the energy to interfere with the contents stored within it.
	Building struck by lightning
	3
	3
	9
	All buildings are built with lightning protection equipment.
Lighting protection is regularly tested at planned intervals by a trained and qualified electrician.
In the event of a thunderstorm, the building is left locked up and unattended in a safe state.
	3
	1
	3

	
	5 Human Factors Hazards

	5.1 Human Error 
	Employees – Forklift operator, engineers or site maintenance if in building
	Human error can be in the form of documentation incorrectly filled in, mistakes in handling and many more. Training helps to reduce human error.
	Incorrect labelling
Incorrect Handling
Employee tiredness
Distracted employee
	2
	4
	8
	All documentation is reviewed and signed off.
All documentation is stored in physical and digital form to make it easy to access and check over.
All operatives / personnel are trained to fulfil their purpose / role
Personnel work within legal timeframes of work per day, with regular breaks.
Loading / forklift movement activities occur for only approximately 4 hours per day, not constantly.
	2
	2
	4

	5.2 Manual Handling / Training
	Employees – Forklift operator, engineers or site maintenance if in building
	Nearly all operations include heavy loads, by nature of the deliveries of large quantities of delicate explosives for storage purposes. 
	Excessive weight of objects


	2
	3
	6
	All operatives / personnel are trained / SQEP, training is recorded and renewed at regular intervals.
Vehicles on site can only be driven by users with valid driving licences.
Personnel are to use FLT to move heavy objects above the manual handling limit.
	2
	2
	4

	
	6 Maintenance Hazards

	6.1 Equipment Testing
	Employees – Forklift operator, engineers or site maintenance if in building
	It is important to test the equipment that is used in the building regularly, preventing breakdowns / stoppages helps to reduce hazards and keeps a smooth flow of work.
	Faulty / broken equipment
Trip / Alarm / Sensor Testing
Forklift inspection
	2
	4
	8
	Electrical equipment is regularly tested by a trained and qualified electrician. (SQEP)
Mechanical equipment is regularly tested by trained and qualified fitters / mechanical maintenance personnel. (SQEP)
	1
	3
	3

	6.2 Housekeeping
	Employees – Forklift operator, engineers or site maintenance if in building
	Regular housekeeping is needed to ensure the area is clean from dust / debris, while also being free from mould. Cleanliness helps to prevent mistakes while reading signage and increases lifespan of equipment used for storage.
	Mould growth
Dust builds up
Signs blocked by dust

	1
	4
	4
	Only trained and qualified personnel allowed to carry out scheduled maintenance. (SQEP)
Removal of plant / waste in method statement and risk assessments.
	1
	3
	3

	
	7 Explosive Licence Conditions 

	7.1 Quantity / Compatibility of explosives
	Employees / anyone within the vicinity of the building
	The quantity of explosives allowed to be stored inside of one building is heavily regulated, similarly with the types of explosives that are allowed to be stored together, to minimise the effects of an accidental ignition / detonation.
	Employees not trained on explosive limits
Insufficient signage
Too many explosives stored in building
Incompatible explosives stored within same building.
	3
	3
	9
	Quantity of explosives is recorded digitally and physically to track movement in and out of the building.
Quantity of explosive stored within building is within allowed amount, stated in the Explosive Regulations 2014.
Personnel managing what materials are stored within the building are trained on compatibility of different substances.
Signage put up to remind operatives of explosive legislation.
	3
	2
	6

	7.2 Man Limit / Traffic
	Employees – Forklift operator, engineers or site maintenance if in building
	A limit of the number of people allowed in the building is needed so that the space cannot become cluttered with people. At all times the minimal number of people needed in the building will reduce the chance of other hazards being caused.
	Excessive personnel in magazine 
Movement of pedestrians in the FLT area

	3
	3
	9
	Maximum number of 3 people allowed within the storage building at one time.
Authorised man limit:
FLT Driver 1 person
Supervisor 1 person
Access road 1 person
No persons other than FLT operator allowed in the designated area during loading / offloading / movement of package operations.
Personnel must use ID badges to scan into the area, one in one out system happens if the maximum number of people are within the building.
	3
	2
	6

	7.3 Licence Distances
	Employees – Forklift operator, engineers or site maintenance if in building
	When designing the facility, separation distances are licenced so that in the event of an explosion, the damage is limited. Depending on the intended use for what will be stored within the building, different distances should be considered. Distances keep other people safe from any accidents.
	Buildings too close together
Uneducated staff on separation distances
	5
	1
	5
	Storage personnel are trained to know what class an explosive is so that it can be suitably stored in a building with correct separation distances.

Class A – 68 meters
Class B – 102 meters
Class C – 204 meters
Class D – 204 meters
Class E – 207 meters
	5
	1
	5




      Pre-Control Risk Level and Post-Control Risk Level calculated using tables in Annex A.


     Abbreviations listed below.

[bookmark: _Toc203738445]ALARP Justification

[bookmark: _Toc203738446]Introduction
The purpose of an ALARP justification is to prove that the hazard has been mitigated to a point where it may be considered “as low as reasonably practicable”. When dealing with dangerous items, sometimes it is difficult to reduce a hazard to the acceptable category, so it must be justified and documented to an ALARP level to be acceptable. Explosive stores inherently involve significant risks as shown above in the risk assessment, in this justification the hazard of unplanned detonation will be justified as ALARP. The Brimstone 2 missile, being equipped with strong explosive warhead, requires adequate safety measures to ensure the protection of the personnel around it, infrastructure, and the surrounding environment. This justification will examine the effectiveness of controls and reasoning for each of them, while looking at relevant industry standards and best practice to back them up.

"ALARP" is short for "as low as reasonably practicable". Reasonably practicable involves weighing a risk against the trouble, time and money needed to control it. Thus, ALARP describes the level to which we expect to see workplace risks controlled. [1]

[bookmark: _Toc203738447]Description of the Explosive Storage Area 
As this is a permanent store, it is constructed using reinforced concrete. Other permanent stores may be made using brick or stone, steel can be used but this is more common for transportable stores. 2014 health and safety legislation states “Walls of buildings of reinforced concrete should be at least 250 mm thick and tied into the roof by means of reinforcing rods.” [2]. The building that will be used to store the Brimstone has walls with a thickness of 300 mm. On top of this, the “concrete roofs should be solid, reinforced, and not less than 150mm thick.” [2], the roof on this one is 250mm thick, which exceeds both requirements by a large margin. For additional safety, the building is dug into a hillside which adds over 25 meters of terrain in all directions for added protection, with a 20 meter entrance way that only pedestrians and forklift trucks can get down. 

To get to the storage area, a guarded gate must be passed, with ID badge and vehicle pass verification, this stops unauthorised personnel getting into the site area and anywhere near the stores. Daily operations in the storage building include loading and unloading brimstone explosives on forklifts, with scheduled maintenance and unplanned maintenance occurring when needed. Stores personnel, engineers and maintenance crew have access to the building, and they follow a sign in / sign out process when entering the building. 

[bookmark: _Toc203738448]Hazard Identification and Risk Assessment Summary
For Brimstone to detonate while in storage, it could have had multiple causes from previous points in its lifecycle. During storage, some causes include, extreme temperatures (heated fast or slowly), sympathetic detonation, mehcanical impact, electrostatic discharge / malfunction, chemical degradation over time and even sabotage / deliberate tampering.
[bookmark: _Toc203738449]Control Measures and Risk Mitigation Strategies
Brimstone 2 is designed and built as an insensitive munition, this means that it is less susseptable to sympathetic and unplanned detonation from the beginning. This was one of the main developments that the munition went through while developing from the original Brimstone to Brimstone 2. The main explosive compounds KS33^2 and Vulcan propellant, were subjected to small scale EMTAP testing to confirm their explosiveness hazard properties and begin to undertand how they react. Testing was also done on the complete system, as the meterials could have reacted differently in larger quantities, in small quantities it indicated acceptable levels to be classed as insensitive. Further complete testing of slow heating, fast heating, bullet impact, fragment impact and  sympathetic reaction were testing and IMAP assessed the responses as a type IV deflagration, type V burning, type III slow heating, type V bullet impact, type V  fragment impact, type I rocket moter fragment impact and type V sympathetic reaction. Overall the system showed very low reactions, type V being the lowest reaction type from 1-5. The most dangerous part of the system is the rocket motor propellant, as it contains a lot of energy and is likely to be the easiest part to detonate / deflagrate. The system is engineered to be as safea as possible and is constantly going through development to improve the product and increase safety.

The building that the munitions are stored in is highly monitored with sensors and regular physical inspections which help to prevent any potential causes of unplanned detonation early on before they develop into potential hazards. Explosive regulations 2014 [3] provides a baseline for all of the infrastructure of the storage building, it is important to prepare for the worst case scenario, so that if it happens, the harm caused is as minimal as possible. All of this including the room being build into the side of a hill, makes it a very secure and well protected area, this reduces the risk of the hazard occuring significantly and can be kept at a constant state of low risk throughout use. 

Some factors that are harder to control, require more persistent upkeep to maintain the ALARP approval. Human error is kept minimal through extensive training and regular renewals of certifications. All personnel on site are given regular training and planned breaks so that the chance of failure of memory or fatigue is minimal. In case of accidental detonation, the most likely causes are, shock from impact with forklift, or dropping from forklift. Brimstone 2 is too heavy to pick up by hand so the use of equipment is needed, during storage the packaging is never opened within the storagae area, so if any inspection is needed, the explosive must be removed to a safe building far enough away form the storage building. Forklift operators are SQEP and the chance of impacting a Brimstone 2 to detonation is low. In the future, rebotic forklifts may be able to be programmed to take out the human error while moving the heavy explosives, however, current capabilities mean doing it by hand is neccesary. 

Finally, all likely environment causes that may lead to the unplanned detonation of the shell in storage are controlled through adequate ventilation. Extreme weather conditions sohuld only be planned for if in a climate where they would be likely to happen. As this facility is in England, there is nt much variation of weather so the facility was built for mainly controlling temperature and humidity / wet weather factors. Other conditions such as snow or stormy weather are not as much of a threat to this building type, so dealing with either is more based on training and teaching personnel how to react to such scenarios.
[image: ]


Figure 1, Example suitable door design for storage building. Explosives Regulations 2014 [3]



[bookmark: _Toc203738450]ALARP Justification and Risk Reduction Evaluation / Residual Risk Evaluation 
The hazard has been classed as ALARP as all risk associated with unplanned explosion has been reduced to as low as possible, using engineering, environmental, procedural, regulatory and security controls. If an unlimited budget was available, considerations like using an AI powered storage managing system that had independent self-driving forklift trucks could have been considered. However, this among other extreme solutions is not feasible due to reliability, cost factors and safety reasons. 

The main residual risks are due to human error, failure of monitoring systems or natural disasters. It should be considered that new staff will be working on the site while older staff retire, this leaves experience and knowledge gaps which must be refilled with training, failure of systems is hard to reduce to minimal as it is impossible to predict when something will fail, this is reduced as much as possible through testing and maintenance. Natural disasters are extremely hard to plan for, however are very unlikely, so if all other controls are in place, the explosives should be safe in unforeseen scenarios, emergency response planning means any unplanned events can be handled adequately.

[bookmark: _Toc203738451]Conclusion and Recommendations 
This document has presented the detailed risk assessment and ALARP justification for the safe storage of a Brimstone 2 munition, examining a range of hazards and contorl measures put in place to mitigate them. After looking into engineering, environmental, administrative and security controls, it has been demonstrated that the residual risks, while not entirely mitigated, have been reduced to as low as reasonably practicable. 

In conlcusion, the controls put in place have reduced the risk to an acceptable ALARP level, more controls could be put in place, however, the cost and effort to go further than already satated will not give much reward. In future, any other controls could be compared in a cost to benefit analysis to see what proportionality of beefit to cost they have.  
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FLT – Forklift Truck
SQEP – Suitably Qualified Experienced Personnel
EMTAP – Energetic Materials Testing Assessment Policy
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	Frequency Rating For Risk Matrix 

	Frequency 
	Frequency Rating 
	Occurrence During Operational Life 
	Frequency P/A

	Frequent
	5
	Likely to occur a number of times a year 
	F  >  10

	Likely 
	4
	Likely to occur a few times in the plant lifetime
	10 >  F >  10-1

	Occasional
	3
	Could occur in the plant lifetime
	10-1  > F > 10-3

	Unlikely
	2
	Unlikely to occur
	10-3  > F > 10-5 

	Remote
	1
	Highly unlikely but may exceptionally occur 
	10-5 > F > 10-7
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	Assessment to evaluate the suitability of control measures. 

	Key 
	Risk = Severity x Frequency 

	 
	12 - 25 Intolerable 
	The risk is too high, the activity should cease until control measures are improved. 

	 
	4 - 10 Tolerable if ALARP 
	The level of protection from the activity is only acceptable when the risks are ALARP

	 
	1 - 4 Broadly Acceptable 
	The level of protection for the activity is considered acceptable 








	Part 3: Risk Assessment Matrix 

	Risk Matrix 

	Severity 
	Multiple fatalities >5
	5
	5
	10
	15
	20
	25

	
	Fatalities <5
	4
	4
	8
	12
	16
	20

	
	Severe life threatening injuries requiring immediate hospitalisation 
	3
	3
	6
	9
	12
	15

	
	Serious non-life threatening injuries requiring medical treatment 
	2
	2
	4
	6
	8
	10

	
	Minor injuries requiring first aid treatment 
	1
	1
	2
	3
	4
	5

	Frequency 
	1
	2
	3
	4
	5

	
	Remote
	Unlikely
	Occasional
	Likely 
	Frequent
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