 Risk Assessment Form  
Purpose
This form is to be used by trained Risk Assessors to record the identification and mitigation of risk(s) prior to undertaking the task being assessed. 
This form contains guidance in blue “no-print notes”, which will not show when printed, or can be deleted before saving electronicaly after completion.
	Reference Number
	DOC/41702
ISSUE 3.0
	Risk Assessor
(print name)
	Joshua Ede
	Signature:
	J. Ede

	Title
	Replenishing Sea Ceptor
	Residual Risk deemed to be below risk threshold?
	Yes
	Date of Issue:
	21/07/2023
	Review Date:
	21/06/2024
	Location:
Site, Building, etc.
	Royal Navy Dockyard (Portsmouth) – Type 23 Frigate

	Brief Description of Task (include sufficient details to make the scope of the RA clear)
	This risk assessment covers the procedure for replenishing Sea Ceptor ship borne missile system on board a Type 23 Frigate, whilst docked. The scope of the risk assessment is from the dock movement of the missile cannister from a designated area by crane to on- board installation. It does not cover the transport of the missile to the designated area or to the dock itself, this risk assessment is therefore to be read in conjunction with the ADR for transporting dangerous goods by road, but does not provide mitigations or an assessment for this part of the process. The IMDG  shall also be consulted to ensure safe packaging, loading and unloading and all personnel shall be required to follow the Dangerous Substances in the Harbour Areas Regulations 1987  in order to comply with existing Uk laws. 
The specific task process is for the following:
Connecting a dockside crane to the Sea Ceptor missile cannister.
Manoeuvring the cannister onto the deck of the Type 23 Frigate.
A Sea Ceptor missile has the following technical specifications:
Weight: 99kg Length: 3.2m
And contains a 14kg high explosive warhead and therefore is also subject to the Explosive Safety Regulations 2014 .




	No
	Hazard Description 
	How could hazard occur? 
	Who / what could be harmed 
	Control Measures


	
	
	
	
	

	
1


	Inadvertent initiation of warhead
	Physical shock:
· The crane could impact the missile cannister with force.
· The missile cannister may be dropped from height.
· The missile cannister may collide with surfaces during manoeuvring.
Electrical shock:
· A build of static could discharge into Sea Ceptor missile cannister.
· The RF signals of loading equipment could interfere with Sea Ceptor thereby triggering an inadvertent initiation.
Environmental conditions:
· Incorrect storage at the dock may cause sensitisation and inadvertent initiation during replenishment.
· Weather conditions at the dock may increase the likelihood of other hazards, e.g., lightening and electrical shock or rough seas and physical shock.
Transportation considerations:
· Incorrect transport and handling of the missile cannister to the dock may lead to sensitisation and inadvertent initiation during replenishment.
	Staff operating near and around the dock crane.
Staff operating near and around the deck area of the VLS.
Staff otherwise not engaged in the procedure, but onboard the vessel in the case of a large energetic event.
The Type 23 Frigate.
The dock infrastructure including but limited to the crane, the moorings and transport links to the water’s edge.
The missile cannister and Sea Ceptor itself.
	Physical shock:
· The crane shall have speed limiters as part of its design. Therefore, movements shall not exceed 5 miles per hour.
· Crane should be inspected before use by a competent individual to ensure functionality and against the standards set out in BS7121:1 [7] and [8].
· The carrying capacity of the crane shall never be exceeded and must be checked prior to any planned operation.
· Crane should only be operated by ONE trained and competent individual.
· The missile cannister should be secured using approved and tested methods, such as ratchet straps and pallets. All equipment is to be checked and approved by the lift supervisor prior to use, 
· A planned walk through is to take place no later than 24hours prior to the operation and will not involve energetic components but will raise inert similarly weighted materials using the crane to a height of 50cm to test securing method and equipment.
· The crane operator must maintain line-of-sight with TWO spotters and always have direct communications with them during the manoeuvre. A lift supervisor will have overall control of the operation and should maintain direct communications with the crane operator, dock spotter and deck spotter, as well as communications with staff responsible for the overall management of both the vessel and dock e.g., captain and dock manager.
· No other staff may be within the area of operation of the crane on the dock after the load is secured and the manoeuvre has begun. A crane alarm and flashing amber light will alert of this and is activated automatically before movement.
· The dock spotter will observe and advise the crane operator during the move.
· The deck spotter will supervise the detachment of the crane and its movement back to the dock. 
· The deck spotter will only begin to detach Sea Ceptor when they are happy to do so and once given a clear signal from the lift supervisor, signalling that the movement operation is complete.
· Staff assisting in the detachment should only proceed to the unloading deck area with the clear permission of the deck spotter and still should not exceed FIVE members of staff.
· All staff involved in the operation will be trained and deemed competent according to Explosive Regulations 2014 Safety Provisions [9].
Electrical shock:
· The crane shall be earthed.
· The pallet containing the missile cannister will be earthed at the dock with the cable only to be removed once the crane is securely attached.
· Prior to movement the RF outputs of the crane are to be assessed by a competent and trained individual to ensure compatibility in working with explosives.
Environmental conditions:
· Before any loading operation is to be conducted the missile cannister is to be visually examined by a competent and trained member of staff to ensure that no environmental degradation has occurred prior to loading.
· Prior to any operation the lift supervisor is to monitor any weather reports detailing conditions during the proposed lift time. A final check is to be conducted 1hr prior to the move and if adverse conditions are identified at this time, then operation is to be halted immediately and rescheduled. 
Transport considerations:
· The lift supervisor must check all paperwork prior to the move from dock to ship. The paperwork needs to be compliant with the ADR with a consignee and consignor clearly identified. 
· The missile cannister packaging is to be inspected to make sure it is compliant with ADR and correctly displays the explosive markings and categories for Sea Ceptor – should these not be displayed the consignee should be located immediately and the movement operation halted.
· Should all paperwork be appropriate and accounted for the missile cannister is also to be finally inspected by suitably competent members of the lift team to ensure there is no damage to the cannister. Should damage be displayed the operation is to be halted and the lift supervisor is to contact the consignee and investigate with the transport team in coordination with the dock manager to ensure proper handling of the item.

	2
	Sharp and protruding edges.
	Physical:
Missile cannister:
Cannister could impact on a sharp or protruding edge during movement from dock to vessel.
Cannister could impact on a sharp or protruding edge during loading.
Cannister could impact on a sharp or protruding edge when placed into storage.
Staff:
Staff could injure themselves on sharp or protruding edges whilst performing the above operations.
· Particular considerations should be the likelihood of head injuries. 
Environmental:
Weather increasing the instability of the vessel
	Staff involved in the operation.
Staff otherwise in the vicinity of the operation.
The Sea Ceptor missile.
The Type 23 vessel.

	Missile Cannister:
· Prior to movement the operation shall be subject to a dry walk-through with all staff to be involved in the operation. Areas where there is the potential for impact between the missile cannister and the vessel shall be identified, and the lift supervisor will work with the engineering team to provide temporary solutions ahead of the lift operation.
· The lift supervisor shall, with the identified lift team, cordon the area of the move. Staff not involved in the operation will not be permitted to cross the deck area reserved for the move during the operation and until all clear is provided by the lift supervisor.
· The cordoned area shall be clearly demarcated with appropriate signage. Any deck crews shall be notified of the procedure prior to any commencement so alternative movement plans may be planned accordingly.
· During the movement operation if an impact does occur an appropriate member of the team, dock spotter, deck spotter or crane operator, is to contact the lift supervisor immediately and an assessment is to be made on whether the operation can continue. If the operation cannot continue the missile is to be made safe and is subject to a separate movement or disposal procedure.
· Staff involved in the lift itself shall be fully competent and trained in the procedure and shall wear appropriate PPE: Protective footwear to EN ISO 20345:2021 [10] standard, gloves to EN 388:2003 [11] standard and hard hats BS EN 397 [12]. 
Environmental:
· Weather reports to be monitored prior to the move and a final decision on weather the operation can go ahead with respect to HSE Safety in Docks guidance [13]. 

	3
	Manual handling

	Physical:
Inappropriate handling of heavy items or poor lifting techniques leading to injury e.g. stretching to place lifting chains.
Loss of concentration/rule or knowledge-based mistake leading to loss of load, crush injury or unintended initiation


	Staff involved in the operation.

	· Any specialist equipment must be checked for condition and inspection/test dates by the user before use.
· All staff must attend a practical Manual Handling training at least once every three years.
· Mechanical lifting devices and aids should be used where possible (with the relevant training). 
· Any staff that have a pre-existing condition that may affect their ability to lift or move the missile cannister MUST inform line management prior to taking part in the operation. If there are changes in condition after the lifting team has been identified and selected any staff member MUST inform their line management at the earliest opportunity.
· Equipment / loads should be stored in such a way that it may be picked up without undue risk.
· Staff involved in the lift itself shall be fully competent and trained in the procedure and shall wear appropriate PPE: Protective footwear to EN ISO 20345:2021 [10] standard, gloves to EN 388:2003 [11] standard and hard hats BS EN 397 [12]. 
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1. [bookmark: _Toc140778915]Introduction:

It is clear from the risk assessment and hazard identification that the most severe risk that could occur during the replenishing of the Sea Ceptor missile system to a Type 23 Frigate is an inadvertent initiation. Despite the risk posed by the operation, Sea Ceptor is still a critical system for the defence of the Type 23 providing their main Common Anti-Air Missile (CAMM) system [1] [2]. The previous CAMM, Sea Wolf, contained a 14kilogram warhead and it is probable that the Sea Ceptor contains a similar or larger warhead potentially increasing the energetic potential of any inadvertent initiation [3]. Thus, the controls used to mitigate against have to be stringent enough to reduce the risk to be as low as reasonably practicable (ALARP) [4], whilst still allowing for the operation to take place. Therefore, considerable time has been spent minimising likelihood of the risk posed, whilst acknowledging that should inadvertent initiation occur it is likely to be a catastrophic event as outlined in the risk assessment. This report shall briefly document how the catastrophic severity was arrived at and then how the mitigations selected shall limit the likelihood of it occurring. Following this there will be a brief discussion on the controls implemented and this will also highlight ongoing developments that might become more reasonable in the future.
2. [bookmark: _Toc140778916]Classifying the severity of warhead initiation

To begin to understand the severity of any initiation it is useful to first understand the potential energetic output from the warhead itself. This estimation is rough, as the author is unaware of the exact size and composition of Sea Ceptor warhead. However using Sea Wolf as a guide and taking RDX/TNT as a standard used in British munitions [5] [6], it is possible to derive the following information as a guide to the destructive capability of a Sea Ceptor missile.
Table 1: All figures derived from the Kingery-Bulmarsh equations as taken from [7]
	
	1 metre
	5 metres
	10 metres
	100 metres

	Incident Pressure (kPA)
	6899.31
	288.40
	65.79
	2.39

	Reflected Pressure (kPA)
	60098.61
	1079.15
	164.85
	4.82



According to US Department of Defense Data taken from [8], even at 10 metres there would be an almost 100% risk of fatalities and significant damage to concrete and steel buildings and structures [8]. Unfortunately, the capabilities of the warhead are inherent to its function and role, this along with the size of a Type 23 frigate, 133m long and 16.1m wide, make it impossible to reduce overall severity should an inadvertent initiation occur [9]. 
3. [bookmark: _Toc140778917]Cost Benefit Analysis based on Health and Safety Executive (HSE) Calculations

The HSE publishes a cost benefit table on the risk of injury caused to staff from explosions all figures are in pounds and correct to 2023. Using the same estimations as from the HSE, but accounting for the crew size of a Type 23 and the expected service life of a Sea Ceptor a modified version of the cost benefit table is presented below [4]. The service life has been estimated from the current in-service date and the out-of-service date for the Type 26 as Sea Ceptor is already being fitted to this vessel which is a successor to the Type 23. Current estimates suggest the Type 26 will be out of service by 2060 [10]. Sea Ceptor entered service in 2018 [11].
Table 2: Cost benefit table for the inadvertent initiation of Sea Ceptor on a Type 23 Frigate [4]
	Fatalities:
	9
	x 1,336,800
	x 1 x 10-5
	x 42 yrs
	= 5053

	Permanent injuries:
	18
	x 207,200
	x 1 x 10-5
	x 42 yrs
	= 1566

	Serious injuries:
	50
	x 20,500
	x 1 x 10-5
	x 42 yrs
	= 431

	Slight Injuries:
	100
	x 300
	x 1 x 10-5
	x 42 yrs
	= 13

	Total ship benefits
	 
	 
	 
	 
	= £7063

	Total fleet benefits
	
	
	
	
	= £77,693


In the explosion at a chemical plant example offered by the HSE it is suggested that a disproportion factor, e.g. the multiple at which a proposed measure has to be presumed above what is ALARP, of 10 is the highest to be considered [4]. Taking this, and the total fleet benefits, any measures above £77,693 x 10, or £776,930 would be seen as disproportionate. However, as mentioned in 1.1 the risk of inadvertent initiation also risks significant damage to the missile and vessel as well. The final Type 23 frigates made are estimated to have cost between £60-90 million [12]. Thus, the final costs associated with such an event could quite quickly begin costing tens of millions of pounds, which could justify a higher spend. This said such decisions would still need to not be grossly disproportionate, which could be said to include to not limiting the capability of the Type 23 to defend itself and not limiting the Royal Navy in its mission to defend the United Kingdom overall. 
4. [bookmark: _Toc140778918]Controls 

The previous two sections outline the rationale for the calculations for the controls taken by the group in trying to mitigate against an inadvertent initiation of the Sea Ceptor missile. The controls centred on reducing the likelihood of an initiation as it was deemed that changes to the warhead to reduce severity would impede too greatly on its requirements as a CAMM. 

[bookmark: _Toc140778919]3.1. Engineering Controls 

The American National Institute for Occupational Safety and Health (NIOSH) defines engineering controls as those which “can include modifying equipment or the workspace, using protective barriers, ventilation, and more” [13]. By placing the burden on the equipment and workspace these controls are often preferred as they do not require staff to actively change or do something instead they are in built and are designed to reduce contact with the risk. In the case of replenishment several engineering controls were identified which would help reduce the likelihood of inadvertent initiation. The crane used in the move, could have speed limiters so that it could not exceed a speed, suggested at 5 miles per hour (mph), to limit the force of any impact to Sea Ceptor during its movement. This is also in line with the Explosive Regulations 2014, which outline minimising impact during the operation of explosives [14] [15]. Another engineering control, centred on the crane, would be an alarm and flashing amber light which would trigger automatically before the crane arm moved or the platform rotated, this would seek to alert staff of the operation. A final engineering control on the crane itself is the presence of an earthing cable to ensure that any static build up, or voltages, are properly grounded and do not cause an inadvertent initiation.
Engineering controls for in service equipment would require modifications to existing platforms and systems thus a number were discounted as grossly disproportionate. It was proposed that the Type 23 be modified to contain metal barriers around the loading and unloading area for the Sea Ceptor and that these could be designed to withstand blast. Unfortunately, the cost of refitting just one Type 23to extend its end of service life was £100 million [16] and during the refit these measures were not implemented. It is therefore estimated that the additional cost of labour, materials and time would be well above £776,930. Similarly, the contract for the Sea Ceptor development cost was £850 million [17] thus engineering solutions to the missile itself were beyond the costs deemed appropriate, but it is acknowledged that research into insensitive munitions may offer solutions in the future [18]. 
[bookmark: _Toc140778920]3.2 Administrative Controls

The majority of the controls employed to reduce the likelihood of an inadvertent initiation of the Sea Ceptor missile, were administrative. These are defined as controls for “work practices that reduce the duration, frequency, or intensity of exposure to hazards” [13]. The replenishment of the Sea Ceptor system is a labour-intensive process therefore clearly identified safe systems of work and methods should be utilised. An example of the administrative controls deemed appropriate is the use of spotters during the operation. By using spotters, maintaining clear line of sight and communication, as well as having clear authority for notifications, staff can be more confident that impacts and subsequent initiations are less likely to occur. Another administrative control that overall reduces the likelihood of initiation is making sure that the weather has been accounted for during the operation and allowing staff to cancel the operation if conditions are adverse. 
Administrative controls that were deemed to be grossly disproportionate were removing all staff from the deck during the operation. It was recognised that halting all operations on board the vessel would be too restrictive, but as a compromise part of the deck could be cordoned and signed to indicate that staff not involved with the operation should stay clear. The loss of capability for the Royal Navy in having ships in dock for replenishment was a consideration here, the increased time of separating all operations was deemed grossly disproportionate. One note on this for the future though could be the greater use of automation for many tasks, thereby reducing staff required without increasing time spent in dock.
5. [bookmark: _Toc140778921]Conclusion

The controls to be implemented during the Sea Ceptor replenishment greatly reduce the likelihood of an inadvertent initiation, but are recognised not to reduce its severity. The changes required to reduce the severity were deemed to be grossly disproportionate both in terms of cost, but also in terms of the requirement of the system and of the Type 23. Developments in the future may lead to changes to both the numbers of persons required and to the warhead itself, in which case it would be appropriate to reassess the system and the controls available to see if the risk may be reduced even further. Currently though, the risk posed by the replenishment process is deemed ALARP according to the HSE definition.
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