Safety & Hazard Assessment of the Brimstone 2 Missile System
1. Introduction
This risk assessment considers the hazards associated with the Brimstone 2 missile throughout key stages of the Manufacture to Target Disposal Sequence (MTDS), which includes; manufacture, storage, transportation, handling, operation and disposal operations, which shall all comply with  JSP 520 & JSP 482. Due to Brimstone 2 being an advanced precision-guided munition containing energetic materials, a warhead, and a motor incorporating modern IM (Insensitive Munitions) technologies [1], it presents significant safety risks to personnel, equipment, infrastructure and the public if hazards are not controlled.
The purpose of this assessment is to identify significant hazards, estimate the associated risks before controls, identify suitable mitigations, and determine the residual risk following implementation of controls. The assessment follows Hazard Identification (HazID) and risk management principles commonly applied within the defence and explosives industries.
JSP 520 states that “the Duty Holder must provide compelling evidence that the OME system complies with relevant legislation and that appropriate OME safety risks are either Broadly Acceptable or Tolerable and ALARP, throughout the MTDS when operated within agreed boundaries.” [2]










2. Risk Assessment Methodology
Risk Matrix
Insignificant (No Injury, Negligible Damage) 1
Minor (Injuries/ No injury to Civilians/ Limited Damage to System) 2
Significant (Serious Injuries/ Minor Injury to Civilian/ Repairable Loss) 3
Major (Fatality/Serious Injury to Civilian/ Major System Loss) 4
Severe (Multiple Fatalities/Single Civilian Fatality/ Total System Loss) 5

6
Not to
be Accepted
Almost Certain
(10^-2)
Frequent Occurrence 1
 
 
 
 
 

5
Intolerable
Likely
 (10^-4)
Occurs Regularly 2
 
 
 
 
 

4
Tolerable
If demonstrated 
ALARP
Moderate
 (10^-5)
Known to Occur 3
 
 
 
 
 

3
Tolerable
Unlikely 
(10^-6)
Could Occur Occasionally 4
 
 
 
 
 

2
Broadly 
Acceptable 
Risk
Rare 
(10^-9)
Extremely Unlikely to Occur 5
 
 
 
 
 

1
Broadly 
Acceptable 
Risk

The objective is to reduce all identified hazards to a level that is As Low As Reasonably Practicable (ALARP).


















The objective is to reduce all identified hazards to a level that is As Low As Reasonably Practicable (ALARP).
3. System Description
Brimstone 2 is an air-launched precision-guided missile developed by MBDA for the purpose of targeting armoured and high-value targets. The missile utilises a dual-mode guidance to better track low reflectivity targets, like camouflaged vehicles, in cluttered environments [3]. The munition contains energetic materials within the rocket motor, warhead and initiation system.
Brimstone 2 has been designed to comply with Insensitive Munition (IM) requirements where reasonably practicable, reducing vulnerability to accidental stimuli such as impact, fire and fragment attack [1]. Regardless of this, environmental testing is conducted to demonstrate safe operation following exposure to vibration, shock, temperature extremes, humidity and electromagnetic environments encountered during the MTDS. Cheaper remote monitoring technology may help benefit both budget and safety throughout MTDS [4]. 

The missile lifecycle includes:
1. Manufacture and assembly.
2. Storage within licensed explosive facilities.
3. Transportation between facilities and operational locations.
4. Handling and loading onto aircraft.
5. Operational deployment and launch.
6. Disposal and demilitarisation of expired assets.
Throughout this lifecycle, hazards arise from energetic materials, electrical systems, human error, environmental conditions and equipment failures.





4. Hazard Register
	ID
	Hazard
	Causes
	Consequences
	Pre-Control Risk (S/L/R)
	Controls & Mitigations
	Post-Control Risk (S/L/R)

	H1
	Guidance System Failure
	Electrical failure, sensor malfunction, software error, EMI, communication failure
	Missed target, unintended target engagement, civilian casualties, mission failure
	5 / 3 / 6
	Redundant sensors, software V&V, EMC testing, BIT checks, environmental qualification testing, configuration control
	5 / 2 / 4

	H2
	Propulsion System Failure
	Propellant degradation, manufacturing defects, ignition failure, mechanical damage, environmental deterioration
	Missile crash, failure to reach target, personnel hazard, explosive event
	4 / 3 / 6
	Quality assurance testing, environmental controls, inspections, acceptance testing, lot traceability
	4 / 2 / 4

	H3
	Targeting Failure
	Sensor malfunction, software error, operator error, weather effects, electronic warfare interference
	Civilian casualties, friendly fire, mission failure, legal implications
	5 / 3 / 6
	Target verification procedures, operator training, redundant target acquisition systems, advanced identification algorithms
	5 / 2 / 4

	H4
	Fire Exposure
	Storage fire, transport fire, aircraft fire, electrical faults
	Cook-off, missile detonation, fatalities, secondary explosions
	5 / 3 / 6
	Licensed explosive facilities, fire detection, automatic suppression systems, separation distances, fire-resistant packaging
	5 / 2 / 3

	H5
	Handling Accident
	Dropping, incorrect lifting, lifting equipment failure, maintenance error, human error
	Personnel injury, equipment damage, accidental initiation, operational delays
	4 / 4 / 6
	Approved lifting equipment, competency training, regular surveillance/ supervision, crane maintenance
	4 / 2 / 3

	H6
	Inadvertent Detonation
	ESD, shock, vibration, humidity, temperature extremes
	Multiple fatalities, catastrophic damage, loss of capability
	5 / 3 / 6
	ESD monitoring, environmental condition monitoring, automated handling system, store inspection system
	5 / 1 / 4

	H7
	Transportation Accident
	Vehicle collision, poor weather, mechanical failure, driver error
	Missile damage, explosive event, public exposure to explosives
	5 / 3 / 6
	Coherent transport arrangements, qualified drivers, route planning, secure packaging, regular vehicle maintenance
	5 / 2 / 4

	H8
	Long-Term Storage Deterioration
	Corrosion, humidity ingress, temperature cycling, material ageing
	Reduced reliability, propulsion failure, unpredictable munition behaviour
	4 / 4 / 3
	Shelf-life management, environmental controls, routine inspections, condition monitoring,
	4 / 2 / 2

	H9
	Disposal Failure
	Incorrect disposal procedure, equipment malfunction, operator error, unexpected munition condition
	Detonation, toxic release, personnel injury
	5 / 3 / 5
	Approved disposal facilities, qualified EOD personnel, remote handling equipment, disposal procedures and permits
	5 / 2 / 4








Risk Rating Key

	Severity
	Category
	
	Likelihood
	Category
	
	Risk
	Category

	5
	Severe
	
	5
	Almost Certain
	
	6
	Not Acceptable

	4
	Major
	
	4
	Likely
	
	5
	Intolerable

	3
	Significant
	
	3
	Moderate
	
	4
	Tolerable if Demonstrated ALARP

	2
	Minor
	
	2
	Unlikely
	
	3
	Tolerable

	1
	Insignificant
	
	1
	Rare
	
	1-2
	Broadly Acceptable




5. Conclusion
The assessment identified nine significant enough hazards associated with the Brimstone 2 missile throughout the MTDS lifecycle to take forward for further assessment. The highest-risk hazards involve inadvertent detonation, fire, targeting failure and guidance failure due to their potential to cause fatalities, severe equipment damage and civilian casualties.
Implementation of safeguards, physical and procedural controls, personnel training, environmental controls and regulatory compliance significantly reduces the likelihood of these hazardous events occurring. Following the implementation of these controls, all identified hazards have been reduced to either tolerable or broadly acceptable levels and can be considered ALARP.
The hazard requiring the greatest amount of justification remains Inadvertent Detonation, due to its catastrophic consequences and the vast range of controls required to reduce risk. This hazard is essential for detailed examination which will be expanded on in detail within the Part 2 ALARP Justification Report.
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