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[bookmark: _Toc51833421][bookmark: _Toc203730814]Seawolf: Hazards during In-Service Usage
	[bookmark: _Toc51833419]Hazard Ref
	Hazard Description
	Potential Cause
	Potential Consequence
	Pre Control Probability
	Severity
	Pre Control Risk
	Controls / Mitigations
	Post Control Probability
	Post Control Risk

	H1
	Failure to Launch
	Software glitch, sensor malfunction, propulsion failure
	Collateral damage, injury onboard
	Remote
	Catastrophic
	B
	C1, C3, C4
	Improbable
	C

	H2
	Unintended Initiation 
	System malfunction, human error, Insensitive Munition:
- Slow Heating
- Fast Heating
- Hot Gun (Cook off)
- Shape Charge Jet
- Fragment Attack
- Bullet Attack
	Serious injury, damage to friendly forces or civilians
	Probable
	Catastrophic
	A
	C1, C2, C3, C4, C5, C6
	Improbable
	C

	H3
	Inaccurate target engagement
	Sensor misalignment, data fusion error
	Missed threat, friendly fire
	Occasional
	Critical 
	B
	C1, C3
	Improbable
	C

	H4
	Deck crew injury during missile prep
	Slip/trip/fall, moving equipment, exhaust hazard
	Physical injury
	Occasional
	Critical
	B
	C1, C2, C3, C6
	Improbable
	C

	H5
	Fire/explosion during combat operations
	Missile leak, enemy hit to launcher
	Catastrophic loss of capability, crew fatalities
	Occasional
	Catastrophic 
	A
	C1, C2, C3
	Improbable
	C

	H6
	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
	C1, C6
	Improbable
	C

	H7
	Loss of power to electrical system
	Power system failure, generator overload, mechanical damage during launch
	Missile launch failure, loss of ability to track target
	Remote
	Critical
	C
	C1, C3, C4
	Incredible
	D

	H8
	Hazardous Materials
	Damage to unpackaged munitions exposing hazardous materials
	Serious Injury/ Death to crew
	Improbable
	Critical
	C
	C1, C2, C6
	Incredible
	D

	H9
	Condition of Munition
	Manufacturing Inconsistencies in production, Poor storage
	Serious injury, damage to friendly forces or civilians
	Improbable
	Critical
	C
	C4
	Incredible
	D


[bookmark: _Toc203730776]Figure 1 - Hazard ID

Controls: 
	Serial
	Control
	Description

	C1
	Training
	Training in MHE and procedures followed for movement, handling of munitions 

	C2
	Explosive Safety Measures 
	Procedures and Regulations for the safe storage, transportation, handling and lifting of munitions. (DSAOME.03 - Part 2)

	C3
	Procedure / Instructions
	Royal Navy Procedures and Instructions for the:
· Peacetime Firing Requirements
· Safe Distance away from munition (Weapon Danger Area)
· Misfire Misfire Procedures
· Weapon Maintenance Regime
· Standard Operating Procedures (SOPs) 
Royal Navy Books of Reference (BRs).

	C4
	Design Certification
	Manufacturer Certificate(s) of Design from a reputable Design Organisation.

	C5
	In Service Surveillance
	Routine Breakdown, Testing Critical Analysis (BTCA) and Proof Firings conducted in a safe, certified and reputable test house.
DSA OME.03, ISS Plan i.a.w. AOP-48, STANAG 4658, 

	C6
	Health & Safety Measures
	PPE (protective boots, gloves and anti-flash hoods, as appropriate) to be worn when manually handling unpackaged rounds



[bookmark: _Toc203730777]Figure 2 - Control Definition
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	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 illness. A Work-Related Over-7-day Incapacitation Injury.

	Marginal
	A single severe injury or occupational illness and / or multiple minor injuries or minor occupational illness.
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: _Toc203730778]Figure 3 - Severity Category Definitions [1]

	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


[bookmark: _Toc203730779]Figure 4 - Qualitative and Quantitative Frequency Categories [2]
	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: _Toc203730780]Figure 5 - Risk Classification Matrix [1]
	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.


[bookmark: _Toc203730781]Figure 6 - Risk Class Definitions [1]
‘A Hazard is a potential source of harm or adverse health effect on a person or persons’ [3]. The hazards displayed within this Risk Assessment, cover the In-Service use of the Seawolf Missile Capability. The list of hazards is not exhaustive, with a much greater level of detail required to complete an In-Service fully functioning Hazard Log for this capability, with a sound knowledge and expertise required, on the explosive material contained within the munition, as well as the form and function and how it interacts with the Launcher and subsequently the platform itself.





[bookmark: _Toc203730815]ALARP Justification
[bookmark: _Toc203730816]Hazard Title: 
H2 - Unintended Initiation. 
[bookmark: _Toc203730817]Hazard Description:
Initiation of a Seawolf Missile whilst in a ‘SAFE’ state. This could be due to improper storage of the Missile, a mechanical or electrical (Fuze dependent) fault causing the Missile to be Armed prior to launch or it could be due to external threats such as fast heating, slow heating, bullet impact, fragment impact, sympathetic reaction or shape charge jet impact.
[bookmark: _Toc203730818]System Description: 
Seawolf is the predecessor to Sea Ceptor, used on Type 23 frigates prior to its removal from service, as a ‘Short-Range Surface-to-Air Defense and Point Defense’ capability, which was a vertically launched defensive missile designed by what is now MBDA. [4]
[bookmark: _Toc203730819]Pre-Mitigation Risk Assessment:
[bookmark: _Hlk203662637]Risk Level: A
· Likelihood: Probable
· Severity: Catastrophic
Pre-mitigation, this is an unacceptable hazard, scoring a risk level of A meaning it is ‘Intolerable unless there are exceptional reasons for the activity to take place.’ Should this hazard be realised, there is expectation of mass casualties among deck crew, extreme damage to the ship platform and the entire capability to either be destroyed or taken out of service for a substantial time. In order manage this hazard, controls and mitigations must be enacted, which would reduce the frequency of occurrence whilst reducing the overall severity, creating a safer environment and a manageable hazard.


[bookmark: _Toc203730820]Risk Reduction Measures:
[bookmark: _Toc203730821]Control Measures: 
The following categories have been used to define controls and mitigations for the Seawolf capability.
Design:
To ensure an ALARP position for the Seawolf Capability, Controls must be implemented into the Design of the munition and its storage capabilities. The following measures could be implemented to reduce the likelihood of an unintentional initiation of the munition:
· Design Organisation (DO) Certification
· Packaging i.a.w. Def Stan 00-81
Within the Design phase of the Seawolf Capability, the key causal factors in this stage towards an unintended initiation at sea would be the safety and reliability of the produced Missile as well as a lack of adequate packaging to ensure the rounds can be stored and transported both on land and on ship safely.
To mitigate the first factor, being a poorly designed, unsafe missile, this would be done by achieving a DO certification, providing the buyer/ user a guaranteed assurance over the safety, reliability and standard of ammunition produced by a reputable manufacturing firm. This would ensure that without any external influences, the HE material, propellant and the fuzing system would remain in a safe state to transport and load.
To mitigate the second factor of inadequate packaging, leading to improper handling of the missile, ensuring that a Munition Packaging Drawing is agreed and provided prior to munition delivery, allowing for potential issues such as (US using different standards to the UK) as well as conformance to UK requirements such as DEF-STAN 00-810 & UN Transport of Dangerous of Goods Model Regulations specifying the required colours, labels and information to be shown on both the lone missile and on the packaging.

Qualification & Testing:
To ensure an ALARP position for the Seawolf Capability, Controls must be implemented into the qualification and testing of the munition and its storage capabilities. The following measures could be implemented to reduce the likelihood of an unintentional initiation of the munition:
· In Service Surveillance (ISS) 
· BTCA
· Propellant, i.a.w. STANAG 4582 [5] & AOP-48 [6]
· High Explosive Fill
· Fuzing System
· Proof Firings 
· Explosives Material Qualification
· Vibration Testing
· Storage Requirements
· Safety and Suitability for Service (S3) Testing 
In order to mitigate against Unintended Initiations, a key control would be to qualify and test the munitions and platform integration prior to its introduction to service, as well as frequently testing the explosive system throughout its lifespan to accurately gauge the safety, reliability and suitability of the munition, to ensure that all missiles that are stored either on ships or off ships are safe to do so.
This would be conducted initially via mandated S3 testing, where the explosive train within the Missile would be tested for the Safety and Suitability for Service after being exposed to extreme environmental factors such as, severe aging, extreme salt water (imitating an extreme sea environment), platform vibration spectra, Electromagnetic signatures etc, laid down within the following standards [7]:
· STANAG 4170 - Principles and Methodology for the Qualification of Explosive Materials for Military Use. 
· AOP-7 Manual of Data Requirements and Tests for the Qualification of Explosives Materials for Military Use.
· DefStan 07-085 Design Requirements for Weapons and Associated Systems.
· STANAG 4368: Ignition Systems for Rockets and Guided Missile Motors, Safety Design Requirements
· STANAG 4297/ AOP-15: Guidance on The Assessment of the Safety and Suitability for Service of Non-Nuclear Munitions for NATO Armed Forces.
· Def Stan 00-056 - Part 1: Safety Management Requirements for Defence Systems
In which the explosive train within the Missile would be tested for the Safety and Suitability for Service after being exposed to extreme environmental factors such as exposure to; severe aging, salt water (mimicking a sea environment), platform vibration spectra, Electromagnetic signatures etc.
Furthermore, ensuring the continuous S3 status, and stability of the explosive material would be implemented via ISS, which would mandate the BTCA and Proof Firing of the Seawolf capability throughout its service life to ensure the qualification testing is representative of true conditions.
Procedural:
To ensure an ALARP position for the Seawolf Capability, Controls must be implemented into the procedure surrounding the handling of the munition and how it is stored. The following measures could be implemented to reduce the likelihood of an unintentional initiation of the munition:
· Royal Navy Books of Reference (BRs).
· Peacetime Firing Requirements
· Safe Distance away from munition (Weapon Danger Area)
· Misfire Procedures.
· Launcher Maintenance Regime.
These would enable all personnel working with the munitions onboard the naval platforms would be SQEP, ensuring that almost no hazard would arise due to improper handling, storage and use of the Seawolf capability. These human factors would be routinely monitored through Safety Audits, practice firing procedures and review of incidents.



[bookmark: _Toc203730822]Post-Mitigation Risk Assessment:
Risk Level: C
· Likelihood: Improbable
· Severity: Catastrophic
Post-Mitigation, this is an acceptable risk level as it is deemed ‘Tolerable with the endorsement of the Project Safety and Environmental Committee.’ [2]. Should this hazard be realised, it would be an extreme event, however it is currently managed at a level in which it occurring would be extremely unlikely. To manage this hazard even more effectively, a sound understanding of the capability (exact explosive materials use, storage requirements etc) would allow this hazard to be separated into multiple controlled hazards for each individual cause, for example:
· Hazard 1: Unintended Initiation – Due to Bullet Impact
· Hazard 2: Unintended Initiation – Due to Shape Charge Jet etc
This wasn’t done for this exercise due to the lack of availability of IMAP material assessment to understand whether each cause would produce a different output.
[bookmark: _Toc203730823]ALARP Demonstration:
ALARP status (considered the same as SFARP) is a requirement mandated within the Health and Safety at Work Act 1974, ‘to ensure the health, safety, and welfare at work of their employees’ [8], which imposes that all 
[bookmark: _Toc203730824]Additional Further Risk Reduction Options Considered:
· Full IM Compliance
Although gaining an Insensitive Munitions (IM) signature is a mandated requirement of bringing any munition into service, Full IM Compliance is not. The purpose of an IM signature is the assessment of the following tests [9]: 
· STANAG 4240 / AOP-4240: Fast Heating Test Procedures for Munitions
· STANAG 4241 / AOP-4241: Bullet Impact Test Procedures for Munitions
· STANAG 4382 / AOP-4382: Slow Heating Test Procedures for Munitions
· STANAG 4396 / AOP-4396: Sympathetic Reaction Test Procedures for Munitions
· STANAG 4496 / AOP-4496: Fragment Impact Test Procedures for Munitions
· STANAG 4526 / AOP-4526: Shaped Charge Jet Impact Test Procedures for Munitions
[7]
By a panel of SQEP personnel, to understand how the munition would react to each potential threat it may face. Full ‘‘IM compliance’ implies that the OME in a particular configuration satisfies the criteria set out in STANAG 4439 / AOP-39. These stimuli have been selected to encompass credible hazard mechanisms that may be induced in OME and are set out in Table 1’ [1]
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[bookmark: _Toc203730782]Figure 7 - IM Responses [1]
IM requirements are in place to ensure that, should a munition face a potential threat, it doesn’t result in a detonation, rather it burns or in specific cases, the munition is able to explode (Figure 7 refers). In theory, this is an ideal criterion to design against, however, due to current material limitations and technological advancements, high speed high explosive missiles are not always able to comply with both IM requirements as well as their designed use case. This is due to the ‘safer’ an explosive material, the slower it is and lower level of explosive effect it provides – so for a missile requiring high speeds and a heavy HE payload, it would reduce performance significantly.
As technological advancements are made, things such as IM compliant packaging, in which a Seawolf missile would sit, could be a potentially viable method of improving the IM signature for the munition. However, this would more likely protect it from things such as Bullet Impact etc, which are less of a worry whilst they are stored due to the nature of a missile being out on ships deck infrequently, leading to the potential cost of investing in this technology far outweighing the potential benefits which can be mitigated to an extent via proper storage, handling and procedure being followed. 
In summary, additional methods such as IM qualified materials & packaging were investigated but not implemented due to the extreme cost outweighing the safety due to the missile not being subjected to these invasive threats on a regular basis, whilst the compromise on performance and logistics would prove to be a major issue. This risk would be managed i.a.w. MoD & Royal Navy procedure, with routine Safety Audits, ISS, Safety Case Reviews and 1/2 party assurance, making sure that the storage, transportation and usage policies are enforced.
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