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[bookmark: _Toc175649220]Executive Summary
The following report has been prepared to address the hazards associated with the storage of Sea Wolf Missile whilst in long term storage at forward operating stations. The first element of the document is a As Low as Reasonably Practicable (ALARP) justification for one of the many hazards present in this scenario, Mass Explosion. Here the system is described before each stage of the hazard identification, risk estimation, mitigation and acceptance process are explained. This section of the reports ends with a set of additional control measures that must be implemented for the process to be deemed ALARP. The second section of this document is a wider risk assessment looking at the broad range of hazards that could be present within the operating environment.
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1.0 [bookmark: _Toc175649223]System Overview and Assessment Scope
This report has been produced as part of a wider safety case for the GWS-26 Vertically Launched Sea Wolf (VLSW) missile system, a naval surface to air missile currently in service with Type 23 Duke Class Frigates of the UK Royal Navy.  The system comprises of a 14kg HE-Fragmentation warhead, a Blackcap solid fuel sustainer and an additional Cadiz booster motor and turnover pack.  When assembles the system weighs 140kg and has a footprint of approximately 3000mm by 450mm. Missiles are loaded onto the Type 23 frigates in sets of 32 via crane whilst the vessels are in port [1], [2].
This ALARP justification report focuses exclusively on the long-term storage of up to 64 Sea Wolf missiles at forward operating bases prior to loading onto Royal Navy ships. As such, the document is bounded to exclusively cover the risk on movement and storage within the designated storage facility only.
In the context of this assessment, there is currently no specialist explosive storage facility available, the missile system arrives broken down into its three individual stages and is packaged to UK ADR and Defence Ordnance Safety Regulator (DOSR) regulations.
[bookmark: _Toc175649224]2.0 Hazard Identification
Def Stan 00-56 [3] defines a hazard as the “Potential to cause harm, e.g. A physical situation or state of a system, often following from some initiating event that may lead to an accident.”
A robust process for identifying hazards is given in the Defence Equipment & Support’s (DES) Acquisition Safety and Environmental Management System (ASEMS) [4].
 Def stan 00-56 [3] defines Hazzard Identification as “The process of identifying and listing the hazards and accidents associated with a system” and Hazzard Analysis as “The process of analysing in detail the hazards and accidents associated with a system.”
ASEMS SMP05 [4] recommends hazards are identified and analysed using hazard checklists. This is a document containing a range of potential hazards prompting risk assessor to evaluate the full system. For Ordnance, Munitions and Explosives the suggested hazard checklist is AOP-15 [5].  
Through applying this hazard checklist to the discussed scenario, a preliminary risk assessment was produced. This is given in Annex A.
This document focuses exclusively on the “Mass Explosion” hazard. 
Mass Explosion is defined by the Health and Safety Executive (HSE) [6] as an explosion in which:
· The entire body of explosives explodes as one
· A substantial proportion of the explosives present could explode in such a way that the practical hazard should be assessed by assuming simultaneous explosion of all the explosives present.
· It is associated with a serious blast hazard.
In the scenario given a mass explosion hazard could significantly impact explosive process workers, MOD personnel and the surrounding public.
Several identified causes for this hazard are given in Table 1.
[bookmark: _Ref174796319][bookmark: _Toc175649237]Table 1- Identified Causes of Mass Explosion Hazards
	Cause 
	Accident Scenario

	Impact  
	Dropping of the article during transport within the facility.

	Ballistic Impact
	High velocity impact into the article by objects such as initiated rocket motors or ballistic projectiles

	Electrostatic Discharge (ESD)
	ESD caused by static buildup of surfaces, faulty electricals or lightning.

	Electromagnetic Radiation
	High power Radio Frequency (RF) inducing current in the munitions firing systems.

	Slow Heating
	A fire in an adjacent building or facility.

	Fast Heating
	A fire engulfing the energetic article.

	Sympathetic Detonation
	Detonation of adjacent energetic stores imparting shock into the energetic material.


 
[bookmark: _Toc175649225]3.0 Existing Controls and Mitigations
Before proceeding to analyse the hazard further it is important to fully understand the hazard environment. This includes current control (likelihood reduction) and mitigation (severity reduction) measures.
Existing controls have been implemented through the munitions design process and qualification in line with AOP 15 [5]. Tests provided in Table 2. This certification ensures a baseline resilience a range of initiating stimuli and hazard causes.
[bookmark: _Ref174796452][bookmark: _Toc175649238]Table 2 - AOP 15 defined munitions tests.
	Test:
	Description:

	STANAG 4375
	Freefall drops associated with handling the components or the complete munition in the land and sea environment.

	STANAG 4321 
	The response of the munition to bullet attack by AP projectiles.

	STANAG 4496
	The response of the munition to fragment impact.

	STANAG 4526
	The response of the munition to shaped charge (jet) impact shall.

	STANAG 4370 & AECTP 200
	Hazards of electromagnetic radiation and effects of electrostatic discharge and lightning on the munition

	STANAG 4382
	The response of the munition to a gradual but continuous temperature rise.

	STANAG 4240
	The response of the munition to a liquid fuel fire.

	STANAG 4396
	Effects on adjacent munitions of the premature function of a munition.




Two existing mitigations have been implemented:
· Separation of the missile into three components, reducing the total Net Explosive Quantity (NEQ) of each article.
· Minimisation of the quantity of stores, 64 missiles is the minimum required to resupply two Type 23 Frigates [1].
[bookmark: _Toc175649226]4.0 Initial Risk Rating
DE&S’s ASEMS calls for risk estimation to be completed for all identified hazards in line with ASEMS SMP06 [4].
Def Stan 00-056 [3] defines Risk Estimation as “The systematic use of available information to estimate risk.” Here, Risk is a combination of the likelihood the severity harm.
Risk estimation should, where possible, be based on objective qualitative data from past accident data and engineering testing. Where unavailable SMP006 [4] permits subjective judgment by Suitably Qualified and Experienced Persons (SQEP).
All DE&S projects use a Safety Risk Classification Matrix for risk estimation. This document will utilise the process defined in JSP 375 (Management of health and safety in defence: safety forms) [7].
First, the severity table shown in Figure 1 is used. Additional guidance on the definitions is given in JSP 375 Volume 1, Chapter 16 Safety Occurrence Reporting and Investigation [8].
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[bookmark: _Ref174796873][bookmark: _Toc175649233]Figure 1 - Severity Assessment Table [7]
Past accidents such as the RAF Fauld explosion in 1944 demonstrate poor explosive storage can result in high casualty numbers, approximately 70 people, including RAF personnel and the public [9]. This accident amongst others shows the extent of harm caused by the mass explosion hazard. As such, the severity is defined as Critical.   
Secondly, the likelihood of the hazard’s occurrence must be defined based on Figure 2.
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[bookmark: _Toc175649234]Figure 2 - Likelihood Assessment Table [7]
Qualitative previous accident data for this scenario is unavailable. Mass explosion incidents, however, have continued to occur sporadically since the discovery of explosives in China in 220 BC. Furthermore, although the design on munitions has developed AOP 15 [5] certified munitions have been involved in energetic accidents. As such, the likelihood is rated at Unlikely.
The final stage of Risk Estimation combines the above classifications into an overall rating using the matrix and definitions provided in Figures 4 and 5.
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[bookmark: _Ref174797062][bookmark: _Toc175649235]Figure 3 - Risk Assessment Matrix [7]
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[bookmark: _Ref174797070][bookmark: _Toc175649236]Figure 4 - Risk Classification Definitions [7]
Using this matrix the mass explosion hazard is given a High overall risk rating. This shows the risk is not ALARP and additional controls and mitigations are required.
[bookmark: _Toc175649227]5.0 Additional Controls and Mitigations
[bookmark: _Ref174797219]As the risk is not yet tolerable or ALARP further risk reduction is required. This process is defined in ASEMS SMP08 [5]. 
Here Def Stan 00-056 [3] defines Risk Reduction as “The systematic process of reducing risk.”
Risk can be reduced by eliminating the hazard or implementing additional controls and mitigations. To meet the responsibilities imposed by the HSE all three must be explored in detail. Only then, one proved impractical, can a risk reduction measure be discarded. Should a measure be implemented further hazard identification must occur to ensure new hazards are not introduced.
For the defined task hazard elimination is in-practicable as the missiles are required to operate the Type 23 fleet [1]. Many control measures, however, could be implemented. Examples are given in Table 3 alongside the specific cause they influence.
[bookmark: _Toc175649239]Table 3 - Additional Control Measures
	Cause 
	Control Measure

	Impact  
	Process workers should have received sufficient manual handling training. Movements should utilise lifting equipment where possible with lifts occurring at as low height as possible to reduce potential impact forces. Movements and lifts of articles should only be conducted when operationally necessary.

	Ballistic Impact
	Each of the three energetic components of the missile system should be segregated based on their compatibility group as given in DSA 03.OME Part 2 (JSP 482) Chapter 13 Annex 3 [10]. This ensures energetic articles which may cause ballistic impact risk (e.g. rocket motors) can’t cause the initiation of mass explosive hazards.

	Electrostatic Discharge (ESD)
	All electronic systems within the storage area should be intrinsically safe in compliance with DSA03 OME Part 2 Chapter 8 [10] and comply to ATEX standards to minimise the risk of ESD. Personnel operating with the facility should wear anti-static shoes and clothing. The storage area should have an adequate lightning protection system diverting a strike to earth. Explosives should be stored within this area in line with DSA 03.OME Part 2 (JSP 482) Chapter 13 Part 7.5 [10], obeying staking hights and separation distances form walls and electronic items.

	Electromagnetic Radiation
	Articles should be stored following RADHAZ safety measures listed in Chapter 24 of DSA 03.OME Part 2 (JSP 482) [10]. This includes safe distances of munitions from RF sources such that the induced current is minimised. Remove all contraband including RF sources when within explosive storage areas.

	Slow Heating
	Articles should be stored in licensed explosive facilities in line with DSA 03.OME Part 2 (JSP 482) [10]. These facilities have adequate ventilation to reduce the build-up of heat within the facility and are made of materials that actively reduce the spread of fire. Storage facilities should be kept clear of flammable materials. Adequate fire safety plans should be implemented.

	Fast Heating
	

	Sympathetic Detonation
	The NEQ of articles stored within the magazine should remain below the maximum licenced capacity.  Articles should be segregated to maximise the distance between stores. The number of articles within any one Explosive Store House (ESH) should be minimised.



The primary mitigation measure should be the development and use of a licenced explosive storage facility designed in line with DSA 03.OME Part 2 (JSP 482) [10] as well as HSE regulation. Such a facility is designed to mitigate the effects of explosions containing their effects to a reduced radius. These regulations also enforce Inhabited Building Distances (IBD’s) distancing the stores from non-energetic buildings and personnel.
[bookmark: _Toc175649228]6.0 Residual Risk Rating
The determination of residual risk follows an identical process to the initial risk estimation. Here however, risk reduction measures are considered.
The additional mitigations now mean the risk to wider MOD personnel and the public is eliminated, with only energetic workers exposed to the hazard. The use of ESH’s however, also reduced the severity of the hazard for these personnel leading to a Severe severity rating.
The additional control measures put in place also almost fully eliminate the accidence causes provided for the mass explosive hazard. As such a mass explosive incident is not likely to occur and the likelihood can be quoted as Very Unlikely.
These combine on the risk matrix to give a new risk rating of medium. This reducing still leaves significant room for further risk reduction, so it is important to review the given control measures and determine if this task is ALARP.
[bookmark: _Toc175649229]7.0 Further Considered Measured
As the hazard was not eliminated and the risk remained at medium the HSE states the project must explore further risk reduction measures and prove these are in-practicable. Only then can the risk be considered ALARP. 
Many techniques exist to determine in a measure is practicable with the most robust being a full cost benefit analysis. Here the cost of the measure is compared to the cost of an accident. Only if the cost of implementation is grossly disproportionate can the measure be discarded. More information on such techniques Is provided in ASEMS SMP07 [4]. 
Two examples, however, are provided in Table 4.

[bookmark: _Ref174797748][bookmark: _Toc175649240]Table 4 - Examples of considered additional measures.
	Control / Mitigation:
	Feasibility

	Individual ESH for each energetic article to minimise the max NEQ of an explosive event.
	If this measure was implemented the max NEQ of any explosive event would be greatly minimised, and the protection provided by the ESH would likely fully contain the event. This would massively reduce the severity of the incident reducing residual risk. Explosive storage facilities are very expensive however, and due to the number of articles (64 x 3) the number of these required to enact this mitigation would be extremely large. As such once a cost benefit analysis has been conducted on this mitigation it would be determined to not be reasonably practicable.

	Storing the missile system without any energetic material present and adding this material immediately prior to use.
	By implementing the following control measure all causes of mass explosion risk would be eliminated removing this hazard from the task. This however is not a practicable solution due to the high cost of reassembling the system and the major delays in operational readiness this would cause.



[bookmark: _Toc175649230]8.0 Risk Acceptance
Risk Acceptance is defined by Def Stan 00-056 [3] as “The systematic process by which relevant stakeholders agree that risk may be accepted.”. Guidance on this process can be found in ASEMS SMP09 [4].
This process ensures risk is reviewed at all appropriate management levels prior to approval being granted by the delegated safety authority. During the process two question are asked:
1. Has every reasonably practicable control and mitigation measure been implemented to reduce the risk rating of the task?
2. Is the residual risk rating broadly acceptable or if not deemed tolerable and ALARP?
In the case of this report both these have been positively addresses with a full risk reduction process being implemented and leading to a new risk estimation level of medium. Although this leave scope for further reduction the additional measured to achieve this can be deemed unpracticable.
This means the risk can be deemed tolerable and ALARP, within the context of the task and its operational requirements, and as such can be approved by the delegated safety authority for implementation.
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Severity (y-axis)
Critical Multiple fatalities.
- Single fatality
Severe - Specified injuries to multiple individuals (which are life threatening and / or cause permanent disability).
- Single specified injury (which is life threatening and / or causes a permanent disabiltty).
Major « Specified injuries to multiple individuals’ injuries of a non-life threatening, non-permanent nature and / or have a short-term
impact on normal way of / quality of life.
- Single specified injury (which is non-life threatening, non-permanent nature and / or has a short-term impact on normal way of /
Moderate quality of life). Single injury / illness of a non-specified injury (for example moderate heat illness or hypothermia) requiring more

than just first aid.

Single injury of a non-specified or non-life threatening, non-permanent nature and requiring first aid only.

Minor
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Likelihood (x-axis) Probability Description
Very likely (Very high) >75% Is or is likely to be a common occurrence.
Likely (High) 50%-74% | Has occurred or s likely to occur many times.
Possible (Medium) 30%-49% | Has occurred or is likely to occur on several occasions
Unlikely (Low) 5%-20% | Has occurred or is likely to occur on a small number of occasions.
Very unlikely (Very low) <5% Has occurred once / never or is not likely to occur
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Rigorous scrutiny of control measures required to make sure risk is ALARP and then make sure it is tolerable, by improved control measures; stop
work unless those rare occasions when continuation is justified as essential to delivering a military task (urgent operational imperative). Tolerating this
level of risk to conduct activity requires formal consideration and acknowledgement from the appropriate most Senior Leader, Duty Holder or
nominated Responsible Person who is charged with Risk Ownership.

Very High

Rigorous scrutiny of control measures required to make sure risk is ALARP and then make sure it is tolerable, improve control measures where
possible; consider stopping work unless continuation is justified as essential to a military context. Tolerating this level of risk to conduct activities will
require formal consideration and acknowledgement from the appropriate Duty Holder, Commander, Head of Establishment or nominated Responsible
Person who is charged with Risk Ownership.

Review control measures and improve if reasonably practicable to do so, consider altemative ways of working. Consider informing command chains of
any changes and requesting additional resourcellevers/authority to apply additional controls that may reduce the residual risk further.

Maintain control measures and review regularly or if there are any changes that may impact either Severity or Likelinood.

Maintain control measures and review at least annually to ensure that any changes to the residual risk, or effectiveness of controls are not re-
introducing a credible RIL or potential Environmental impact.
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Timeframe (i.e. 6 month, annual) and / or reason for Risk assessment should be reviewed:
review. - Regularly in line with MOD policy (typically no longer than 3 years).

- When a change in the environment of processes void their
application.

- Inthe event of an incident or near miss which brings the suitability
into question.

This free text section allows for detailing further addtional control measures required for example by the authorising officer, commander, manager, or accountable
persons (Notes 6,7, 8,9, 10, 11 and 12)
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