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	Hazard Ref
	Hazard Description
	Potential Cause
	Potential Consequence
	Likelihood
	Severity
	Risk
	Controls / Mitigations
	Post Control Risk

	Operational Hazard- 01
	Missile launch failure
	Software glitch or sensor malfunction within the Fire control system
Propulsion failure of the rocket motor.
	Collateral damage, injury onboard
	Remote
	Catastrophic
	B
	Built-in testing of simulated launches, launch interlocks/ 2 two-key process to launch.  
Crew training and standard operating procedures (SOPs) are in place [1] [2]
	C

	Operational Hazard - 02
	Unintended launch
	Fire control system malfunctions. 
Human error and not following SOPs.
	Serious injury, damage to friendly forces, or civilians
	Remote
	Catastrophic
	B
	Launch the interlocks/ 2 two-key process to launch. [1] [2]
	C

	Operational Hazard - 03
	Inaccurate target engagement
	Sensor misalignment/failure. 

Incorrect data is inserted into the fire control system. 
	The missile does not strike the target.

Missile hits friendly personnel. 
	Occasional
	Catastrophic 
	A
	Sensor calibration, crew training, and Identify Friend/Foe (IFF) integration [2]
	B

	Operational Hazard - 04
	Deck crew injury during missile prep
	Staff can slip/trip/fall on a hazard whilst within the missile loading/prep area.
	Physical injury
	Occasional
	Critical
	B
	Safety briefings, PPE, and exclusion zones around the launcher [3] [2]
	C

	Operational Hazard - 05
	Fire/explosion during combat operations
	Missile energetics leak, creating a confined area of gases susceptible to explosion.
 Incoming enemy fire strikes the magazine. 
	Catastrophic loss of capability, crew fatalities
	Occasional
	Catastrophic 
	A
	Fire suppression systems, sealed magazine, and damage control drills [4] [1]
	B

	Operational Hazard - 06
	Electrostatic discharge during handling and maintenance 
	Static builds up on equipment and personnel
	Ignition of missile/warhead. Warhead/internal components do not function
	Occasional
	Catastrophic
	A
	PPE, manual handling training. [3]


	C

	Operational Hazard - 07
	Loss of power to the electrical system
	Power system failure, generator overload, and mechanical damage during launch
	Missile launch failure, loss of ability to track target
	Remote
	Critical
	C
	Backup power systems, automated power transfer, and redundancy with other systems. [2]
	C

	Manufacturing Hazard - 01 
	Exposure to hazardous substances such as rocket propellant
	Handling of hazardous substances during manufacturing 
	Short-term and long-term health issues for manufacturing staff.  
	Occasional
	Catastrophic 
	A
	Safe handling techniques are taught. 
High-quality PPE is provided, including respirators. 
Adequate training provided. [2] [3] [5]
	C

	Disposal Hazard – 01
	Unintended detonation during dismantling. 
	Breakdown of safety features with aged stockpile. 

Explosives have not been fully made inert and may activate when the missile is deconstructed. 
	Catastrophic injuries to disposal staff. 

HSE shut down facilities, preventing a backlog of disposal requirements. 
	Occasional
	Catastrophic
	A
	Remote disassembly and disposal.
Suitably qualified, experienced personnel (SQEP) carrying out tasks after rigorous training. 
X-Ray testing to gain an understanding of the internal mechanism condition.
Blast-proof facilities with blowout roofs to direct shockwaves.
Emergency Response and Evacuation Plans.
 [2] [4] [5]
	C

	Disposal Hazard - 02
	Exposure to hazardous substances when dismantling
	During the breakdown of the missile and subcomponents, personnel may encounter internal hazardous substances such as propellant and other energetic materials
	Short-term and long-term health issues for disposal staff.  
	Occasional
	Catastrophic
	A
	Safe handling techniques are taught. 
High-quality PPE is provided, including respirators. Adequate training provided. 
Remote disassembly and disposal. 
[2] [4] [5]
	C
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[bookmark: _Toc203701130]System Description
The Seawolf missile was a short-range surface-to-air missile developed for the UK and designed by MBDA. It was launched from Royal Navy Type 22 and Type 23 frigates. The missile entered service in 1979 and has since been decommissioned in 2017, where it was replaced by the Sea Ceptor missile system. Throughout its near 4-decade service life, Seawolf underwent various upgrades where it transitioned into a vertical launch system. [6] The Seawolf contains various energetics, from solid rocket fuel, fuzes, and a 14kg proximity fuzed High Explosive Fragmenting warhead.
[bookmark: _Toc203701131]Disposal Hazard 01: Unintended Detonation During Disposal Summary
[bookmark: _Toc203701132]Description of Disposal Hazard 01
During the disposal breakdown of Seawolf missiles at their SLED, there is a risk that traces of energetic substances remain within the system and are active. There is a risk that these energetics may function and react from friction and mechanical shock, as well as a failure in safety features that have aged and degraded over their life. If the energetics were to initiate, it could lead to catastrophic injury or death to the surrounding personnel, as well as damage facilities. This would lead to the suspension of operation by regulating bodies such as the HSE.
[bookmark: _Toc203701133]Risk Rating (Pre-Control & Mitigations)
Likelihood: Occasional 
Severity: Catastrophic
Risk: A
These risk ratings and definitions have been assessed using Figures 1,2,3, and 4, direct from the DSA03. OME Part 1 [2]. 

	Category
	Associated Personnel (Persons directly involved)
	Non-Associated Personnel (Persons indirectly involved)

	Catastrophic
	Multiple Deaths.
	A single death and/or multiple severe injuries or equivalent occupational illness.

	Critical 
	A single death and/or multiple severe injuries or equivalent occupational illness.
	A single severe injury or occupational illness and/or multiple minor injuries or minor occupational illnesses. A Work-Related Over-7-day Incapacitation Injury.

	Marginal
	A single severe injury or occupational illness and/or multiple minor injuries or minor occupational illnesses.
A Work-Related Over-7-day Incapacitation Injury.
	At most, a single minor injury or minor occupational illness.

A Work-Related 3-day Work Incapacitation Injury.

	Negligible
	At most a single minor injury or minor occupational illness. A non-sporting injury requiring professional medical attention (may include a Medical Orderly or Military Medical Personnel).
A Work-Related 3-day Work Incapacitation Injury.
	Any injury or occupational illness, however minor.
	


[bookmark: _Toc203701109]Figure 1 - Severity Category Definitions
	Descriptor
	Qualitative Frequency Categories
	Quantitative Frequency Categories

	Frequent
	Likely to be continually experienced during the life of the system.
	> 10⁻³

	Probable
	Likely to occur often during the life of the system.
	10⁻³ to 10⁻⁴

	Occasional
	Likely to occur several times during the life of the system.
	10⁻⁴ to 10⁻⁵

	Remote
	Likely to occur at some time during the life of the system.
	10⁻⁵ to 10⁻⁶

	Improbable
	Unlikely, but may exceptionally occur during the life of the system.
	10⁻⁶ to 10⁻⁷

	Incredible
	Extremely unlikely that the event will occur during the life of the system.
	< 10⁻⁷
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	Risk Class
	Definition

	A
	Intolerable unless there are exceptional reasons for the activity to take place.

	B
	Undesirable, and should only be accepted when risk reduction is impracticable.

	C
	Tolerable with the endorsement of the Project Safety and Environmental Committee.

	D
	Tolerable with the endorsement of the normal project reviews.
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	Frequency of Occurrence
	
	Severity

	
	
	Catastrophic
	Critical
	Marginal
	Negligible

	
	Frequent
	A
	A
	A
	B

	
	Probable
	A
	A
	B
	C

	
	Occasional
	A
	B
	C
	C

	
	Remote
	B
	C
	C
	D

	
	Improbable
	C
	C
	D
	D

	
	Incredible
	C
	D
	D
	D


[bookmark: _Toc203701112]Figure 4 - Risk Classification Matrix
Figures 1,2,3, and 4 are all sourced from DSA 03. OME Part 1 [2], a legal document produced by the Defence Safety Authority (DSA). By using this document, it aligns the hazards are aligned with legal classifications, ensuring that hazards are ranked appropriately. 
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X-Ray Surveillance
To mitigate the risk of unintended detonation during disposal, a control measure of X-ray surveillance is to be introduced. Introduction of this control means that the disposal staff will be able to verify the internal components of the system and identify any anomalies within safety features, corrosion, and misalignment of mechanisms that could increase the sensitivity and likelihood of premature detonation. The risk is viewed as passive risk reduction, as there is no physical interaction with the munition to understand the condition, helping to reduce human interaction.  If disposal teams identify anomalies within the system, they will be able to adjust their disposal plans accordingly to reduce the risk levels to ALARP. This control is in line with recommendations from the Explosive Regulations 2014, where non-intrusive inspection is recommended to assist with the demilitarisation of explosives [7]. 
Remote Dissassembly and Disposal 
To reduce risk to an ALARP level, remote disassembly and disposal methods are to be implemented. This control involves using staff-controlled robotic systems to dismantle energetic components without introducing personnel to the explosive environment. By maintaining human control of machines, it ensures that if there is an issue with the munition, staff can immediately step in to halt the task and assist with their approach to the procedure. This control is to be implemented to remove the direct human contact with the Seawolf missile and its hazardous substances. Although these systems can be complex and expensive, they are not grossly proportionate when compared to the severity rating of catastrophic, likely featuring multiple lives lost if this control is not implemented. Therefore, the control reduces the risk to ALARP. As a result of this, a trade-off between the cost of protecting staff from implementing this control is feasible. This control aligns with JSP 815 in various elements as it ensures equipment is controlled by staff as well as thoroughly maintained to ensure risk remains ALARP through proof of testing and maintenance.  
Full autonomous equipment was considered to help achieve ALARP. However, due to technical limitations and the recommendation is for human interaction to intervene as a safety buffer. This can be seen if X-ray surveillance acknowledges anomalies that may require deviation from the automated procedures.  
SQEP Staff To Complete Task
The final control to be implemented is ensuring that staff carrying out tasks are SQEP. Staff must undergo thorough training and maintain competence throughout their career through proof of work and assessments to ensure they are able to consistently operate safely. This control significantly reduces the likelihood of human-caused errors during dismantling and disposal of the energetic items. Using SQEP staff involvement within tasks with explosive natures ensures that decisions, inspections, and final procedures are completed by those who understand the risks and systems they are dealing with, resulting in appropriate safety measures being in place. Although professional training and organisation assessment periods for staff may come at a high cost, the knowledge possessed by SQEP staff outweighs the risk of employing staff who lack a thorough understanding of explosive disposal theory. In addition to this, staff who are not SQEP are much more likely to make mistakes, leading to an unjustifiable rise in risk to not only themselves but those around them. If SQEP personnel find themselves in a scenario with unexpected conditions, they can deviate from standard procedures without requiring external staff to intervene, which would cause a delay to processes as well as come at a high cost. DSA 03.OME Part 2 states that only competent individuals are to perform the Certification Free From Explosives [4]. In addition to this, DSA 03.OME Part 1 specifies that delegations of explosive-related authority may only be made by SQEP personnel, further enhancing the requirement for SQEP staff as a control to this hazard [2]. 
[bookmark: _Toc203701136]Mitigations
 Explosive Environment Facility Structure
To mitigate the risk of steps carried out when disposing of Seawolf missiles, explosive-resistant facilities should be constructed to perform the procedures in. These structures are to be constructed using specially designed roofing to provide an escape to the shockwave and reinforced concrete walls, which are covered with layers of mud and stone externally to encapsulate the shockwave and direct it upwards in case of incidental detonation from within. The purpose of these structures is to prevent blast overpressure and fragmentation to the surrounding outside environments. Facilities are to be designed in accordance with International Munitions Technical Guidelines (IATG) 5.20; following these guidelines, effective methods of safety can be implemented, such as safety distances to surrounding explosive facilities [8]. Implementation of this mitigation substantially reduces the severity of the detonation during disposal hazard by ensuring that if an incident occurs, damage is restricted to within the facility and does not impact outside the explosive environment. This avoids mass casualty events and reduces the severity level. Similarly to controls suggested these facilities come at a high cost to construct and maintain. However, this mitigation is viewed as reasonably practicable when compared against the potential for mass loss of life and regulatory penalties applied if open areas are damaged or contaminated. Although open land could be used for these tasks, it still poses a direct threat to personnel due to limited hardened protection. As a result, this mitigation influences the ALARP status for this high-risk procedure. 

Emergency Response Planning
Emergency Response planning is a further mitigation to be introduced to help reduce the risk to ALARP. Emergency response planning provides a detailed structure for immediate actions to take place in case of an emergency, for example detonation of a Seawolf missile during breakdown and disposal. Emergency response plans allow for clear communication, suitable evacuation, and casualty treatment during training, which can then be implemented in real-life situations should one occur.  Within these plans, there will be designated roles for personnel, clear guidance on evacuation points, and control protocols to be implemented whilst awaiting response from emergency services. Although Emergency response planning does not directly reduce the likelihood of the hazard, it will mitigate the consequences and potentially the severity of the event from aftermath events such as other Seawolf missiles cooking off in an area where personnel should be evacuating. Emergency response planning is directly mentioned in guidance (IATG 10.10) [9]  as well as legal requirements in the management of the Health and Safety at Work Regulations 1999 [5].  Emergency planning is extremely effective and affordable to implement. Drills can be carried out by staff to maintain knowledge of roles and responsibilities, and come at a very low cost. It is also a legal requirement, and therefore, failure to implement emergency response plans can lead to legal fines and potentially the shutdown of facilities until procedures are implemented and taught. 

[bookmark: _Toc203701137]Conclusion
Initially, Disposal Hazard 01: Unintended Detonation During Disposal Summary was categorised as a risk rating of A in accordance with figures 1-4 due to the combination of catastrophic severity and occasional likelihood prior to risks and mitigations. This level of risk is not tolerable and therefore not acceptable.   To overcome this, the following controls and mitigations were implemented:   
· X-Ray Surveillance
· Remote Dissambley 
· SQEP Personnel
· Explosive Environment Facility Structure
· Emergency Response Planning
As a result of implementing the controls and mitigations, the likelihood of the hazard occurring has been reduced to improbable, whilst severity remains as catastrophic due to the missile still posing a lethal threat to human life. Using Figure 4, it is now appropriate to place a risk classification of C, defining the system as “Tolerable with the endorsement of the Project Safety and Environmental Committee.”
Due to the comprehensive controls and mitigations in place, with alternate options not being suitable to the programme, the revised risk class C is deemed to be ALARP. 

As regulations and technology advance constantly, there will be periodic assessments to review this advice to ensure ALARP status is maintained. 
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