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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 [1][2]. Due to Brimstone 2 being an advanced precision-guided munition containing energetic materials, a warhead, and a motor incorporating modern IM (Insensitive Munitions) technologies [3], 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.” [1]

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
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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 [4]. 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 [3]. 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 [5]. 

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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1. Introduction

a) Purpose

As part of the risk assessment undertaken in Part 1 of this report, an ALARP justification is necessary to show that the risks that come with the hazards of the Brimstone 2 missile are shown to be minimised to As Low As Reasonably Practicable.

This report provides an ALARP justification for Hazard 6 identified in Part 1 – Inadvertent Detonation of the Brimstone 2 missile. This hazard was selected due to it being identified as the most obvious and the most significant hazard associated with the Manufacture to Target Disposal Sequence (MTDS) [1]. This hazard has the potential to cause multiple fatalities, catastrophic damage to infrastructure, loss of military capability and harm to the public, making it essential for further assessment. 

Within the Part 1 assessment Inadvertent Detonation was assigned a Severity rating of 5 (Severe) and a Likelihood rating of 3 (Moderate), resulting in a Risk Category of 6 (Not Acceptable). Through the implementation both physical and procedure controls, the Likelihood of this hazard occurring was reduced to 1 (Rare) which is considered tolerable in terms of ALARP. This report shows how this reduction was reached by highlighting the decisions made for the controls that were implemented.



2. Hazard

a) Brimstone 2

Brimstone 2 is a precision-guided air-launched missile containing energetic materials within its warhead, propulsion system and initiation train. Like all military munitions, the missile contains explosive substances capable of releasing significant energy if unintentionally initiated. During manufacture, storage, transport, handling, loading or disposal there is a potential for accidental initiation of these energetic materials if the correct safety measures are not in place.
 

b) Inadvertent Detonation

Inadvertent detonation is defined as the unintended initiation of the explosive train resulting in activation of the warhead, rocket motor or both. Potential initiating mechanisms include electrostatic discharge (ESD), impact damage, shock, vibration, fire, excessive temperature exposure, equipment malfunction and human error. These events could occur during lifting operations, transportation accidents, storage incidents or maintenance activities. 

Brimstone 2 incorporates safety features intended to minimise the probability of accidental functioning. These include safe-and-arm mechanisms which prevent alignment of the explosive train until specific launch conditions have been met, extensive environmental qualification testing and design features that support Insensitive Munition (IM) principles [2] . Despite these safeguards, the hazard remains throughout the missile lifecycle and requires the relative risk controls [3].





3. Initial Risk Assessment

Inadvertent Detonation was assigned a Severity rating of 5 (Severe). This was selected because inadvertent detonation could result in multiple fatalities among both military and civilian populated areas, a chain reaction across a missile store which results in a complete loss inventory, destruction of facilities and further industry impact [4]. The consequences of an accidental explosion involving the fully assembled missile are therefore considered catastrophic. 

A Likelihood rating of 3 (Moderate) was selected prior to controls. Although Brimstone 2 contains numerous safety features, energetic materials are inherently hazardous and accidental initiation mechanisms such as electrostatic discharge, mechanical damage and fire are recognised hazards within the explosives industry. Historical explosive accidents demonstrate that, without appropriate controls, accidental initiation remains a credible event. 

The resulting pre-control risk assessment was:

· Severity = 5
· Likelihood = 3
· Risk Category = 6 (Not Acceptable)

As the risk was initially unacceptable, further mitigation was required to reduce the likelihood of this occurring and to demonstrate compliance with ALARP principles [1].



4. Legislation

JSP 482 - Provides MOD requirements for explosive storage, handling and ESD management. The proposed ESD Monitoring System and Storage Inspection System support JSP 482 by improving control of electrostatic hazards and allowing early identification of unsafe storage conditions.

JSP 520 - Requires duty holders to demonstrate that risks are managed to a Tolerable and ALARP standard throughout the MTDS. The Environmental Monitoring System and Automated Handling System support this by reducing degradation risks and human error during handling activities

JSP 815  – Requires Defence organisations to operate a safety management system and continually assess safety risks. The proposed controls for monitoring and inspection systems provide evidence that Inadvertent Detonation remains controlled throughout the missile lifecycle.

Health and Safety Executive (HSE) - States that risks should be reduced so far as is reasonably practicable. The selected controls provide a significant reduction in likelihood at a proportionate cost, whereas more extensive measures such as fully robotic facilities would be grossly disproportionate to the additional safety benefit achieved.
 
ADR requirements - Govern the transport of Class 1 explosive articles. The Environmental Monitoring System supports compliance by recording shock, vibration and temperature exposure during transportation, helping identify missiles requiring inspection following abnormal events

Control of Major Accident Hazards (COMAH) - Focus on major accident prevention and consequence reduction. The proposed Storage Inspection System supports this objective through early detection of overheating, water ingress and other conditions that could contribute to a major explosive incident



5. Controls

a) Electrostatic Discharge (ESD) Monitoring

Although the OME industry already benefits from established electrostatic discharge (ESD) control measures, including anti-static clothing, grounding arrangements and approved handling procedures [3], additional risk reduction could be achieved through continuous ESD monitoring systems within storage and handling facilities. Such systems continuously monitor grounding integrity, atmospheric conditions and electrostatic charge accumulation, automatically providing warnings if predefined safety limits are exceeded. 

This control was selected because ESD remains a credible initiation source for energetic materials and the technology is readily available, relatively inexpensive and straightforward to implement. The safety benefit gained is significant when compared to the cost of installation, making the control reasonably practicable [5][6]. Therefore, the implementation of continuous ESD monitoring contributes directly to reducing the likelihood of inadvertent detonation and supports the ALARP argument.


b) Environmental Monitoring System

A further control considered beneficial is the introduction of enhanced environmental condition monitoring which utilises continuous lifelong logging. Each missile could be tracked throughout its service life, with environmental data such as temperature exposure, humidity levels, vibration events and storage duration recorded for the individual asset. This information could then be analysed to identify missiles that have experienced abnormal environmental conditions in the event that the missile experiences degradation or internal issues. 

This control was selected because it allows for pre-emptive maintenance and condition-based monitoring rather than relying just on periodic inspections. The ability to identify safety concerns before they develop into hazardous conditions provides a worthwhile safety benefit [5]. The control therefore provides a reasonably practicable improvement to safety arrangements.


c) Automated Handling System

Handling activities present one of the most significant opportunities for human error throughout the Manufacture to Target Disposal Sequence. The use of automated handling equipment, such as remotely operated lifting systems and guided transport vehicles within storage facilities, would reduce the possibility of personnel directly having an effect on missiles during handling operations. This reduces the potential for procedural errors & dropped loads, which would result in impact damage and could contribute to inadvertent initiation. 

Whilst complete automation would not be practical in all operational environments, the introduction of automated handling systems within depot and maintenance facilities was considered reasonably practicable. The risk reduction achieved through minimising human interaction outweighs the implementation costs, particularly in facilities where large quantities of missiles are routinely handled. Consequently, the adoption of automated handling equipment forms part of the proposed ALARP strategy.


d) Storage Inspection System

There were multiple controls considered for explosive storage facilities including; Automated inspection technology, AI controlled CCTV systems, thermal imaging sensors and AI-assisted anomaly detection software. These systems could continuously monitor storage areas for indications of overheating, unauthorised access, water ingress or damaged containers, which complies with COMAH legislation [4]. The control was selected because it improves early detection of potentially hazardous conditions without increasing personnel exposure to explosive environments [3]. The technology is increasingly available commercially and offers a proportionate improvement in safety performance at a reasonable implementation cost.




6. ALARP

a) Demonstration

The hazard can never realistically be eliminated since the energetic materials are fundamental to the operational function of the Brimstone 2 missile. Substitution of a non-explosive alternative is not feasible since it would remove the missile's intended capability. Therefore, the risk reduction must focus upon reducing the likelihood of accidental initiation.

Many controls have been considered but the most relevant were applied where practicable. Monitoring controls for Enhanced ESD and Environmental Conditions were prioritised ahead of administrative measures. Procedural controls and automation systems were then implemented to provide additional layers of protection for both personnel and the surroundings. This approach aligns with recognised safety management principles and demonstrates safety-led design [1]. 

Following implementation of the identified controls, the risk was then assessed as:

· Severity = 5
· Likelihood = 1
· Residual Risk = 4

The severity remains unchanged because the consequences of detonation would still be catastrophic. However, the controls that were implemented substantially reduce the probability of Inadvertent Detonation occurring. 
The remaining risk is therefore considered tolerable in the case that the controls are to remain effective and are regularly maintained. 

During the process of identifying worthwhile controls, consideration for additional controls beyond those already established were found to provide only a limited reduction in likelihood while requiring significant cost expenses, redesign effort and potential for autonomous system breakdowns. Therefore, the risk is considered ALARP.

Controls including fully automated storage facilities and individual missile sensor packages were considered but deemed impracticable as the additional safety benefit was judged to be disproportionate to the implementation cost.


b) Maintaining

ALARP is not a permanent state and it must be maintained throughout the service life of the Brimstone 2 missile. Maintaining ALARP requires: Regular inspections, safety audits, incident investigations and periodic reviews [7]. These should be conducted to ensure controls remain effective. Changes in regulations and legislation, emerging technology and lessons identified from the missiles operational experience must also be implemented into future ALARP assessments. 

Opportunities for further risk reduction rely on industry developments in insensitive munition technology, environmental monitoring systems and automated handling equipment. Any developments made or proposed should be reviewed periodically to determine whether previously rejected controls become reasonably practicable.



7. Conclusion

Inadvertent Detonation represents the most significant hazard associated with the Brimstone 2 missile due to its potential to cause multiple fatalities, infrastructure damage and put the industry in operational jeopardy. Inadvertent Detonation was first assessed with a rating of Severity 5 and Likelihood 3, producing an intolerable risk level. Through the implementation of enhanced monitoring systems for factors that could affect the missile and autonomous systems to prevent human error, the likelihood of Inadvertent Detonation occurring has been reduced to a rare event, reducing the risk to tolerable. 

A review of further control measures showed that further risk reduction would require costs and effort disproportionate to the safety benefit achieved. The risk of Inadvertent Detonation that comes with the Brimstone 2 missile is now considered to be As Low As Reasonably Practicable (ALARP) and acceptable for continued management under existing defence safety arrangements.



8. References


[1] Ministry of Defence, "Safety and Environmental Management of Ordnance, Munitions and Explosives over the Equipment Acquisition Cycle," Joint Service Publication (JSP) 520, Part 1, Jul. 2015.

[2] T. Reeves, H. Jones, N. White, P. Cheese, H. Pennington, Ministry of Defence, “The Brimstone 2 Missile: IM technology insertion and the benefits for UK MOD,” Jun. 2015.

[3] Ministry of Defence, "Explosives Regulations," Joint Service Publication (JSP) 482, Ed. 4, Jan. 2013. [Online]. Available: https://www.gov.uk/government/publications/jsp-482-mod-explosives-regulations. [Accessed: Jul. 16, 2026].

[4] Health & Safety Executive (HSE), “Safety Report Assessment Guide: Explosives,” COMAH, [Online]. Available: https://www.hse.gov.uk/comah/assets/docs/srag-explosives.pdf. [Accessed: Jul. 16. 2026]

[5] The 61508 Association, “Guidance on achievement of ALARP in the Process Industries,” Mar. 2019. [Online]. Available: https://61508.org/wp-content/uploads/2023/10/ALARP_Guidance_V1_Published_13.03.2019.pdf. [Accessed Jul. 16. 2026]

[6] T. W. Howard, G. D. Davis, “CHALLENGES IN MISSILE LIFE CYCLE SYSTEM ENGINEERING,” Missile Research, Development, and Engineering Center, Aug. 1997.

[7] Ministry of Defence, "JSP 815: Defence Safety Management System Framework," Joint Service Publication (JSP) 815, Sept. 2022. Available: https://www.gov.uk/government/collections/defence-safety-management-system-jsp-815. [Accessed: Jul. 16, 2026].





































END
