


9

1.6	 The mechanism of injury
The type of injury suffered typically occurs in the lumbar spine as a result of 
an axial load5 being applied with a degree of forward flexion, and is commonly 
referred to as a ‘wedge’ compression fracture. Spinal wedge compression 
fractures are common among people who have fallen from a height, been 
involved in a head on car crash, experienced a violent helicopter landing or 
have ejected from a military aeroplane. The constant pitching and rolling of a 
boat in a seaway destabilises the upper body, and the resulting shocks due to 
wave slamming allow this mechanism of injury to be easily mimicked during fast 
boat rides. Shocks and vibrations resulting from the impacts between a boat’s 
hull and the sea are transmitted through its deck and seats to the passengers 
and crew. The size of the shocks experienced by people on board a boat are 
significantly magnified when their bottoms leave the seats and then land as the 
boat rises up towards them.

The human spine is at its strongest in the standing posture, when it assumes 
a natural S shape and can readily support the weight of the trunk and head 
as well as additional loads applied along its axis. An evenly distributed gap is 
maintained between the vertebrae by its discs, and maximum support is offered 
by the trunk and abdominal muscles. The spine is weaker in the seated position, 
when it assumes a slumped posture, and many of the muscles supporting the 
trunk cannot function effectively. The body’s centre of gravity moves forward, 
increasing the risk of the spine bending forward (forward flexion) during axial 

5 Axial load – a load applied compressively through the longitudinal axis of the spine.

Figure 5 – Scans of injury suffered 
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loading. It is the combination of the flexion of the spine and the axial forces 
applied that causes contact between the vertebrae and results in fractures due 
to the wedging effect (Figure 6). If a twist or bend is introduced to the lower 
back region the risk of this type of injury is further increased. Research indicates 
that the introduction of a twist can reduce the mechanical strength of the 
vertebra/intervertebral disc unit by about one third. 

People suffering from osteoporosis, which causes a loss of mineralization and 
results in a reduction of BMD, are more prone to spinal wedge compression, and 
other types of fracture. Groups at an increased risk of developing this condition 
include: the elderly, post menopausal women and women with a strong family 
history of osteoporosis.

1.7	 Similar accidents
The MAIB is aware of 28 accidents that have resulted in lower back 
compression injuries on board RIBs since 2001. Of these, 21 occurred in the last 
3 years, 12 were confirmed as spinal fractures and 16 occurred during thrill-type 
boat rides. 

As in this case, many of these accidents were not reported to the MAIB by the 
vessel operator, and include an injury to a female passenger in 2007 in the 
vicinity of the Rannie buoy in a RIB owned by another operator, and two injuries 
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on board a UK coded RIB, operating in Spain in 2008. Several other shock-
related injuries during high speed and thrill-type boat rides have been reported 
to the MAIB, such as leg fractures and facial injuries. Passengers have also 
been thrown overboard during high speed manoeuvres.

The Maritime Safety Authority of New Zealand conducted an investigation6 
following a spinal fracture suffered by a 57 year old female British tourist during 
a high speed river rapid ride in 2004. The passenger was later diagnosed with 
osteoporosis and the report concluded that this possibly contributed to the 
injury. However, the investigation report identified a number of other contributory 
factors, including: the boat’s skipper had gradually built up speed to increase the 
thrill level; the casualty was sitting on the front row; the ride had been going for 
about 20 minutes and, although the casualty had felt uncomfortable throughout, 
she did not advise the skipper because she did not want to spoil the other 
passengers’ fun; and her bottom left the seat immediately prior to the fracture.

On 14 April 2009, shortly before the publication of this report, five passengers 
were injured on board a rigid tubed boat of similar characteristics to a RIB, the 
10.75m commercially-operated Ocean Ranger, during a sightseeing tour around 
the nature reserve of Ramsey Island off the coast of Wales.

Approximately 30 minutes into the tour, the skipper stopped the vessel at a 
narrow passage to the south of Ramsey Island, known as Twll-A-Dyllyn (or the 
Devil’s Hole).  This passage between islands is regularly used by local boat trip 
operators when circumnavigating Ramsey Island.

Having assessed that sea conditions were satisfactory, and the crewman having 
briefed the passengers, the skipper increased speed and commenced his 
transit through the gap.  However, once committed to transiting the passage, a 
large steep-sided wave appeared, and despite the skipper’s best efforts he was 
unable to stop the vessel slamming heavily as it dropped off the back of the 
wave.  As the vessel dropped off the wave, passengers were briefly suspended 
above their seats before landing heavily back in them.  One passenger suffered 
a shattered vertebra; another, a fractured sternum.  The other passengers 
suffered less serious back injuries and bruising.

1.8	 Magnitude and frequency of shock and vibration
The UK Ministry of Defence, with the support of the ABCD Working Group on 
Human Performance at Sea7, sponsored the production of the High Speed 
Craft Human Factors Engineering Design Guide. The guide, published in 2008, 

6 Maritime Safety Authority of New Zealand accident report – Waima, back injury, Fulljames 
Rapid, Waikato River on 21 November 2004. 
7 ABCD Working Group on Human Performance at Sea is an ad-hoc international group 
consisting of hydrodynamics and human factors researchers from the US, Australia, UK,  
Canada and the Netherlands.
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explains the type, magnitude and frequency of shocks and vibrations generated 
during high speed craft transits at sea. It also discusses the effect of repeated 
shock and whole body vibration (WBV)8 on people on board, and the methods 
by which exposure levels can be reduced to as low as is reasonably practicable.

Figure 7, taken from the guide (reproduced on page 18 of this report and 
included in the summary report at Annex F), shows the magnitude and 
frequency of repeated shock measured on the deck of an 8.5m long RIB 
travelling at 40 knots in a sea state of between 1 and 2. It indicates that the 
passengers and crew can expect to be exposed to constant shocks in the 
region of 2g, regular shocks of 6g to 10g and occasional shocks of up to 20g. 
Short term exposure to these repeated shocks can result in micro-muscle 
fatigue, while long term exposure can lead to chronic musculoskeletal injuries. 
The occasional high magnitude shocks typically occur when a boat drops off 
the peak of a wave and hits the face of the next one, or lands in the trough 
between them. It is these high magnitude impacts that can result in the type of 
acute injury suffered by the passenger on board Celtic Pioneer. The trials also 
demonstrated that the magnitude of shocks transmitted through the deck of a 
high speed craft is greater towards the bow.

1.9	 The Vibration Regulations
The Merchant Shipping and Fishing Vessels (Control of Vibration at Work) 
Regulations 2007 (SI 2007/3077), commonly referred to as The Vibration 
Regulations, implement the EU Physical Agents Directive9 and came into force 
in February 2008. MGN 353 (M+F)10 provides guidance on the requirements for 
the protection of workers from the risks related to the exposure to shock and 
vibration on board vessels.

The following are the exposure limits for WBV:
•	 the daily exposure limit value (ELV)11 standardised to an eight hour 

reference period is 1.15 m/s2; and

•	 the daily exposure action value (EAV)12 standardised to an eight hour 
reference period is 0.5 m/s2.

8 WBV – means mechanical vibration which is transmitted into the body, when seated or 
standing, through the supporting surface, during a work activity.
9 EU 2002/44/EC Directive of the European Parliament and of the Council on the minimum health 
and safety requirements regarding the exposure of workers to the risks arising from physical 
agents (vibration) (sixteenth individual Directive within the meaning of Article 16(1) of Directive 
89/391/EEC).
10 MGN 353 (M+F) – The Merchant Shipping and Fishing Vessels (Control of Vibration at Work) 
Regulations 2007.
11 ELV – means the level of daily exposure for any worker which must not be exceeded.
12 EAV – means the level of daily exposure for any worker which, if exceeded, requires specified 
action to be taken to reduce the risk.
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MGN 353 (M+F) highlights that WBV presents a particular risk to lower back 
morbidity and trauma of the spine. It states that the risks are most apparent 
in smaller, fast craft such as fast rescue boats, RIBs or workboats, particularly 
when operating in choppy conditions. The regulations place a number of 
requirements on operators/employers, which include the need to:

•	 Determine levels of exposure

•	 Conduct risk assessment 

•	 Eliminate or control the exposure to vibration

•	 Inform workers of the risks

•	 Train workers in risk reduction methods

•	 Apply for exemption from the statutory exposure limits if appropriate

•	 Conduct health surveillance.

1.10	 Regulations and Codes of Practice
1.10.1	Vessels operating at sea

Small vessels operating commercially that are United Kingdom (UK) vessels, 
or other vessels operating from a UK port while in UK waters, must comply with 
the appropriate Merchant Shipping Regulations or an MCA Small Commercial 
Vessel Code of Practice.  There are currently four Codes for small vessels:

•	 The Code of Practice for the Safety of Small Commercial Motor Vessels 
(Yellow Code)

•	 The Code of Practice for the Safety of Small Commercial Sailing Vessels 
(Blue Code)

•	 The Code of Practice for the Safety of Small Workboats and Pilot Boats 
(Brown Code)

•	 The Code of Practice for the Safety of Small Vessels in Commercial Use 
for Sport or Pleasure operating from a Nominated Departure Point (NDP) 
(Red Code)

The Yellow Code applies to motor vessels of up to 24 metres load line length 
which are engaged at sea in activities on a commercial basis and which do not 
carry cargo or more than 12 passengers. The Code sets out the requirements 
for the construction of the vessel, its machinery, equipment, stability, operation 
and examination. 

In 2004 the MCA drafted The Small Commercial Vessel and Pilot Boat (SCV) 
Code which rationalised the existing Yellow, Blue, Brown and Red codes and is 
commonly referred to as the harmonised SCV Code. The text of the SCV Code 



14

and guidance on its application was published as an annex to MGN 280 (M)13 in 
2004. The harmonised SCV Code was intended to supersede the four coloured 
codes but is yet to be enabled by the proposed Merchant Shipping (Small 
Commercial Vessel and Pilot Boats) Regulations.

1.10.2	Vessels operating on inland waterways
The Inland Waters Small Passenger Boat Code is a code of practice for 
vessels operating in harbour areas, rivers and other inland waters which are in 
commercial use for sport or pleasure; carry no more than 12 passengers; do not 
carry cargo; and do not go to sea. It provides guidance on the construction of 
the vessel, its equipment, stability, operational manning levels and maintenance 
requirements.  

The code was developed by a team of industry experts and was published by 
the Association of Inland Navigation Authorities (AINA) and the MCA in 2004. 
It is similar in many ways to the harmonised SCV Code, but compliance is not 
mandatory. It offers best practice guidelines and safety advice to operators, boat 
designers, boat builders, and regulators. It was also intended to be a national 
standard to assist agencies and authorities with powers to license or register 
vessels and protect public safety.

1.10.3	Safety management
The harmonised SCV Code reminds operators of their obligation to conduct risk 
assessments for the activities they are engaged in, but it does not prescribe a 
formal safety management system. The Inland Waterways Small Passenger 
Boat Code offers similar advice on risk assessment but also provides guidance, 
based on MGN 158 (M)14, on how to develop and implement an effective safety 
management system. 

1.10.4	Local authority licensing
Local authorities may require boat operators to be licensed to operate from their 
land and within their harbour limits. They are also empowered by Section 94 of 
the Public Health Acts Amendment Act 1907 to grant licences to pleasure boats 
and pleasure vessels to be let for hire or to be used for carrying passengers for 
hire, and to the persons in charge of, or navigating such vessels. However, the 
use of the powers afforded by the Public Health Acts Amendment Act 1907 is 
optional, and where used they cannot be applied to vessels certified by the MCA 
or other certifying authorities.

13 MGN 280 (M), ‘Small vessels in commercial use for sport or pleasure, workboats and pilot 
boats – alternative construction standards’. 
14 MGN 158 (M) – Safety Management Code for Domestic Passenger ships of Classes III –VI(A).
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1.11	 Manning and qualification requirements
The manning requirements for small commercially operated vessels are 
dependent on the area of operation and the anticipated environmental 
conditions. The harmonised SCV Code lists the following seven area categories, 
which are derived from those given in the four individual coloured codes:

•	 Area Category 6 – to sea, within 3 miles from a nominated departure 
point(s) named in the certificate and never more than 3 miles from 
land, in favourable weather and daylight

•	 Area Category 5 – to sea, within 20 miles from a nominated departure 
point named in the certificate in favourable weather and daylight

•	 Area Category 4 – up to 20 miles from a safe haven, in favourable 
weather and daylight

•	 Area Category 3 – up to 20 miles from a safe haven

•	 Area Category 2 – up to 60 miles from a safe haven

•	 Area Category 1 – up to 150 miles from a safe haven

•	 Area Category 0 – unrestricted service

The qualifications and experience required for skippers of small commercial 
craft are listed in Annex 3 of the harmonised SCV Code. The minimum 
powerboat qualification for skippers of small commercial vessels is the RYA 
Powerboat Level 2 Certificate with 12 months relevant experience. This 
qualification can only be used on vessels operating in area category 6. Area 
categories 5 and 6 are not included in the Yellow Code and the minimum 
powerboat qualification for skippers of vessels operating in area category 4 is 
the RYA Powerboat Advanced Certificate of Competency and 2 years relevant 
experience.

The requirement to nominate the boat’s departure point(s) for area categories 
5 and 6 allows the certifying authority to make a proper assessment of 
the intended use of the boat. The SCV code includes the caveat: “Area of 
Operation… Depending on the nature of the vessel and its use, a vessel may 
be restricted to less than the above specified limits”.  As Celtic Pioneer was 
certified for area category 4, its SCV certificate did not contain any nominated 
departure points.

It is the responsibility of the owner/operator of the vessel to ensure that 
sufficient crew are on board, having regard to the type and duration of the 
voyage/excursion being undertaken. Where a skipper of a vessel carrying 
passengers is not accompanied by nominated crew he must conduct a safety 
brief in accordance with Annex G. This includes briefing at least one other 
person on the operation of lifesaving appliances, manoverboard recovery 
procedures and driving the boat.



16

The qualification requirements for skippers (masters) of small commercial 
passenger vessels operating on inland waterways are detailed in The Merchant 
Shipping (Inland Waterways and Limited Coastal Operations) (Boatmasters’ 
Qualifications and Hours of Work) Regulations 2006 (MSN 1808(M)).

1.12	 Powerboat qualifications and commercial endorsements
The RYA, as part of its National Powerboat Scheme, has developed a series of 
powerboat training courses aimed at small open decked boats such as RIBs, 
sports boats, dories and launches. The courses are provided within the UK via a 
network of RYA approved training centres and schools, and the qualifications are 
recognised internationally. They range from the Powerboat Level 1 Certificate for 
beginners to advanced levels for instructors.  

The Powerboat Level 2 Certificate is the recognised minimum standard required 
for commercial powerboat skippers and is also known as the National Powerboat 
Certificate. Training for this certificate typically takes 2 days to complete and 
includes practical and theoretical elements. The course is assessed, but there is 
no formal examination, and the candidates do not require any previous powerboat 
experience. The syllabus includes high speed manoeuvring, but does not consider 
the effects of waves or rougher sea conditions (Annex H).

The Powerboat Advanced Course includes high speed boat handling, advanced 
manoeuvres and manoeuvring in rough weather. The candidates should be 
competent to the standard of the Intermediate Powerboat Certificate before 
beginning the course. There are two types of advanced certificate: the Course 
Completion Certificate and the Certificate of Competency. The Course Completion 
Certificate is issued by a training centre on successful completion of a 2-day 
course, while the Certificate of Competency is awarded by the RYA/MCA 
on successful completion of a practical examination. Prior to attempting the 
examination, the candidate is required to have 2 years relevant experience.

An RYA powerboat qualification requires a commercial endorsement before it is 
valid for use on board a commercial craft subject to the MCA codes of practice. 
The endorsement shows that the holder has relevant experience, is medically fit 
and has completed basic sea survival training. 

None of the RYA powerboat training courses include instruction on the dangers 
associated with repeated shock and WBV, or methods available to minimise the 
associated risks. 
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SECTION 2	- ANALYSIS
2.1	 Aim

The purpose of the analysis is to determine the contributory causes and 
circumstances of the accident as a basis for making recommendations to 
prevent similar accidents occurring in the future.

2.2	 Cause of the injury
When the female passenger landed on her seat, the resulting force applied 
along the axis of her spine was of sufficient magnitude to fracture her L2 
vertebra. Neither her previous back injury nor BMD levels increased her 
susceptibility to this type of injury. Therefore, the factors contributing to the 
fracture were limited to the activity undertaken. These included:

•	 The speed and movement of the RIB in the sea conditions 
experienced, which were probably worsened by the wind and tidal 
streams acting in opposite directions, and the presence of localised rip 
currents

•	 The seated posture of the injured passenger

•	 The location and design of the boats’ seats

•	 A lack of appreciation of the dangers associated with exposure to 
shock and vibration.

2.3	 Risk of injury
2.3.1	 Incidence

The introduction of thrill-type boat rides and high speed RIB excursions, similar 
to those provided by Bay Island Voyages, represents a relatively new and rapidly 
expanding maritime sector within the UK and across Europe.  The intensity 
of the rides varies considerably, and they are advertised by operators using 
phrases such as ‘thrill’ or ‘white knuckle’ rides, sea safaris, exhilarating ocean 
voyages, coastal blasts and eco tours.  The statistics in paragraph 1.7 clearly 
demonstrate that the risk of spinal fractures and other impact injuries during this 
type of fast boat ride is significant. 

2.3.2	 Exposure
The research conducted and documented by the ABCD working group has 
attempted to accurately quantify the levels of shock and vibration transmitted 
through the hull of high speed craft while travelling at speed in a seaway. 
Although much of its work has been sponsored by the military and the trials 
discussed in paragraph 1.8 and Annex F were conducted on board a military 
craft, there is no reason why the results obtained would be dissimilar for RIBs 
used in the commercial and leisure sectors, particularly during thrill-type rides. 
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Not only did the trials demonstrate that the repeated shocks expected 
during high speed operations can occasionally be of sufficient magnitude to 
cause impact injuries, but they also clearly justify the requirement for fast 
boat operators to conduct a shock and WBV risk assessment and take the 
appropriate steps listed in the Vibration Regulations to reduce the risk of chronic 
and acute injuries to employees to as low as reasonably practicable. A person 
exposed to the shock and vibration levels shown in Figure 7 exceeds the 8 hour 
WBV EAV within 15 minutes. Figure 8 illustrates that after 1 hour, the level of 
exposure is up to 7.5 times the EAV and 3 times the ELV allowed maxima.

It is important to note that although these trials were conducted at high speed, 
in calm conditions, this accident indicates that shocks of sufficient magnitude to 
cause impact injury can also occur at lower speeds when large waves or wakes 
are encountered.
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2.3.3	 Awareness
It is highly likely the majority of powerboat manufacturers, owners, skippers, 
crew and racers are aware of the practical hazards associated with driving small 
craft at speed in a seaway and the physical effects of wave slamming. However, 
an understanding of the mechanism of spinal wedge compression fractures, the 
requirements of the Vibration Regulations, and knowledge of shock and vibration 
mitigation methods is less widespread. Consequently, it is inevitable that thrill 
ride operators manage the risk of injury to passengers to varying standards. The 
need to raise industry awareness in these areas is compelling. 

2.3.4	 Mitigation
There are three key areas to be considered when attempting to reduce the risks 
associated with shock and vibration on board high speed craft: boat handling 
ability; human factors engineering and design; and operating procedures. 

2.4	 Boat handling 
Boat handling skills, including the ability to judge and anticipate the effects of the 
prevailing sea conditions is the most significant factor when managing the risks 
associated with high speed powerboat operations. “The principal mechanism 
influencing craft performance and therefore shock exposure is throttle response 
i.e. reducing power before reaching the top of a wave” (Annex F). The skills 
required to drive a boat safely at speed in a seaway or choppy conditions 
are developed through training, experience and gaining knowledge of local 
conditions.

Time (hours)

rm
s 

(m
/s

²)

5.0

4.0

3.0

2.0

1.0

0.0
0 1 2 3 4 5 6 7 8

ELV EAV RIB 1 hour RIB 4 hours

Figure 8

An example of how a RIB travelling at ~40 kts in a sea state 2 
 will exceed the EU WBV Exposure Action and Limit Values 



20

The manning requirements in the MCA codes are based on operating 
areas which take into account the distance from shore and environmental 
conditions. Little distinction is made between passenger carrying boats and 
other small commercial craft. Additionally, the operating speed of a vessel 
is not considered. Celtic Pioneer and Celtic Ranger were certified under the 
Yellow Code to operate up to 20 miles from a safe haven, which requires a 
minimum qualification equivalent to the RYA Powerboat Advanced Certificate of 
Competency. The skipper on board Celtic Pioneer only held the RYA Powerboat 
Level 2 Certificate. As the 1 hour ‘coastal blast’ took place within 3 miles of 
the Cardiff Bay barrage, this could be considered to fall within area category 6 
of the SCV Code, in which the Powerboat Level 2 is an acceptable standard 
providing a departure point has been nominated.  As no departure point was 
nominated, and as the skipper only held a Powerboat level 2 qualification, this 
trip did not meet the requirements laid down in either Code.

Fast passenger boat operations and thrill ride activities do not sit comfortably 
within the scope of the codes, particularly if a skipper is seeking disturbed 
waters rather than attempting to avoid unfavourable weather. The RYA 
Powerboat Level 2 Course might be an appropriate qualification to operate 
craft at relatively slow speed in sheltered waters.  However, its suitability 
as a qualification to operate high speed, passenger carrying boats in open 
waters, where the conditions are inevitably more challenging and the skill 
of the coxswain is paramount in the prevention of injury through shock, is 
questionable.

2.5	 Human factors engineering, and design
2.5.1	 General

Careful consideration of human factors engineering issues during the design 
stage for high speed craft can significantly reduce the levels and effect of shock 
and vibration. Bay Island Voyages had invested in new, well built RIBs from 
an established manufacturer, which were designed specifically for this type 
of activity. However, a number of design features have been identified that 
adversely affected the casualty’s ability to sustain the required posture and 
therefore increased the likelihood of her suffering a spinal compression fracture.

2.5.2	 Hull design
Generally, flat bottomed boats such as dories are particularly prone to wave 
slamming, whereas deeper ‘v’-shaped hulls tend to cut through waves. Inflatable 
buoyancy tubes make RIBs particularly stable in choppy seas, but ensure they 
climb over waves rather than cut through them. Celtic Pioneer’s deep ‘v’-shaped 
hull design would have helped reduce the transmission of repeated shock while 
skimming over small waves, but the buoyancy tubes would have increased the 
likelihood of wave slamming when encountering larger waves.  
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2.5.3	 Deck design
Deck design and layout, in particular the positioning of seats, are important 
factors when considering exposure to shock and vibration. The casualty was 
seated in the front row towards the bow of the RIB, where the magnitude of 
shock would have been at its greatest, while the skipper was positioned at the 
stern. Positioning the passengers’ seats towards the stern would significantly 
reduce their exposure for given speeds and sea states. However, the positioning 
of a helmsman in a RIB requires careful consideration. Although a more forward 
position would increase sensitivity to the prevailing conditions, it also inevitably 
increases a helmsman’s exposure to shock and vibration over the longer term, 
and also impedes his or her ability to monitor passengers.

Deck coating materials are available which are designed to dampen the 
transmission of shock, and features such as non-slip deck coatings and the 
provision of toe holds or foot stirrups improve a passenger’s ability to anchor 
themselves while underway, thereby making it easier to maintain an appropriate 
posture. In this case, however, the injured passenger’s foot grip was not ideal 
because the front row of seats on board Celtic Pioneer were positioned at 
the narrowing part of the vessel where there was insufficient room to apply 
the non-slip deck covering to the outboard side of the port and starboard 
seats. Additionally, due to the chamfer on the deck, the anchor point for the 
passenger’s outboard foot was not flat (Figure 9). 

In the longer term, technological advances are likely to lead to the development 
and use of deck suspension systems in high speed craft.

Figure 9
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2.5.4	 Seating design
Most high speed passenger boat and thrill ride operators in the UK fit either 
rigid pod-type jockey seats, similar to those fitted on Celtic Pioneer, or bench 
seats. In general, jockey seats are preferred when operating in more extreme 
conditions, although a degree of skill, strength and agility is required to maintain 
the desired posture. Bench seats offer little opportunity for passengers to use 
their legs to absorb shocks while underway, but are simple to use and are 
generally better suited for RIB rides and excursions on smoother waters. 

Seats are available for use on high speed craft, which are designed to dampen 
the transmission of shock and vibration and improve the occupant’s posture and 
spinal alignment. Some of the most commonly adopted designs include shock 
absorption systems, restraint harnesses, and adjustable features to allow for 
people of differing sizes (Figure 10).

 

Bench seats

Examples of seats used on board high speed craft

Figure 10

Image courtesy of RibCraft 
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Shock absorption is not simply a case of adding extra padding to a seat. 
Although this might increase the comfort of its occupant when the boat is at 
rest, it will not necessarily provide a reduction in the magnitude of vibrations 
felt while underway. Indeed, the use of certain cushioning materials can 
lead to an increase in shock and vibration magnitude (Annex F). However, 
there are several suspension seats available which significantly dampen out 
the magnitude of repeated shocks and reduce exposure to WBV. Restraint 
harnesses help ensure an occupant stays in contact with the seat while 
underway, and offer additional support and a sense of security as the boat is 
manoeuvred at speed or in choppy seas, but they present other hazards that 
need to be carefully considered. Adjustable seats will help passengers of varying 
sizes assume the designed optimum posture.

At present there is no standard for the design, manufacture and securing of 
seats fitted to high speed craft such as RIBs. Indeed, some passengers do 
not have a dedicated seat as several thrill-type rides use RIBs which have not 
been specifically designed for the activity and have been approved to carry 
a greater number of people than there are seats on board. Consequently, 
some passengers have to sit on the buoyancy tubes, or even stand. Sitting on 
buoyancy tubes will inevitably lead to the introduction of a twist in the lower 
back and therefore increase the risk of injury. It also increases the risk of falling 
overboard.

2.5.5	 Handrails and handgrips
Handrails or handgrips, particularly when affording a high and wide grip, 
allow passengers to support themselves against impacts during high speed 
manoeuvring or while dodging waves (Figure 11). The position of the handrail 
on the front row of seats on board Celtic Pioneer was lower than those provided 
on the seats behind. The reduced height of this rail would have made it difficult 
for the injured passenger to stop herself being thrown forward on impact with 
the sea. It would also have caused her to assume a more stooped posture while 
underway (Figure 12). Furthermore, the relatively narrow handrail is likely to 
have offered the injured passenger limited lateral support against impacts with 
the water during a turn. The handrails on the front row of seats were also open 
to the elements, exposing the hands of the occupants to the effects of wind chill 
and sea spray. It was probably a combination of these factors which contributed 
to the injured passenger’s decision to hold onto the buoyancy tube rope with her 
left hand. Bay Island Voyages’ advertising leaflet (Annex A) shows a passenger, 
occupying the corresponding seat on board Celtic Ranger, taking similar action. 
The resulting posture is likely to have introduced a degree of bending and 
twisting to the casualty’s lower back as Celtic Pioneer dodged the waves. This 
would have significantly increased the risk of her suffering a wedge compression 
fracture (Figure 13). 
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Figure 11

The effects of handgrip or handrail design  
on passenger posture and stability 

Figure 11 – The effects of handgrip or handrail design on passenger posture and 
stability 
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2.6	 Procedural control measures
2.6.1	 General

Although the risk of injury caused by shock and vibration can be reduced by 
the skill of the coxswain, and by boat design, the performance of individuals 
cannot be guaranteed and engineering solutions in some cases are financially 
prohibitive. Furthermore, the benefits gained through engineered solutions 
can be lost if the improvements are seen purely as an opportunity to operate 
at greater speeds or in choppier conditions. Therefore, it is important that 
procedural measures are also adopted to try and prevent injury through shock.

2.6.2	 Company procedures
There were several departures from the measures identified in Bay Island 
Voyages’ risk assessments, including:

•	 Lifejackets were not issued until the passengers were on the pontoon

•	 A safety brief was not given until after departure

•	 No action was taken when the injured passenger held on to the rope 
on the RIB’s buoyancy tube instead of the handrail

•	 The coastguard was not alerted

•	 The injured passenger was landed at Mermaid Quay rather than 
Penarth slipway.

Figure 13

Illustration of the probable spinal alignment of the casualty at the time of the accident

Image courtesy of STResearch
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The consequences of the injured passenger’s posture through holding on to 
the rope on the buoyancy tube have been discussed in detail at paragraph 
2.5.5. The decision not to alert the coastguard limited the immediate support 
available to the injured passenger and possibly contributed to a delay in her 
evacuation to hospital. Had the coastguard been alerted, an immediate medical 
link between Celtic Pioneer and the shore could have been established, the 
option to task a search and rescue helicopter or the Penarth lifeboat would have 
been considered, and a land-based coastguard mobile team would have been 
despatched to the casualty landing point. Although the initial delay in raising the 
alarm was possibly influenced by the crew’s appreciation of the injury and the 
assumption that the medical experts on board had the situation under control, 
the decisions to request an ambulance using a mobile phone and to not fully 
apprise the barrage control of the situation possibly indicates a reluctance to 
publicise the emergency.

Procedures are generally developed from experience and risk assessment, 
and are designed to reduce risk and ensure prompt and effective action in 
emergencies. However, to be effective, such procedures must be followed 
regardless of any potential local or commercial embarrassment.

2.6.3	 Risk reduction
The risk of injury can be reduced by the identification and exclusion 
of individuals with a history of, or existing, medical conditions such as 
osteoporosis, musculoskeletal injury, physical disability which prevents a person 
from sitting in the seats provided and/or assuming and sustaining the desired 
posture, and pregnancy. This action is required by thrill ride operators ashore in 
the Health and Safety Executive’s HSG 175 ‘Fairgrounds and amusement parks 
guidance on safe practice’15. 

Many thrill ride operators include health warnings on their websites and in their 
advertising literature, some even place warning notices at the embarkation 
point. Many also repeat the warning during the pre-departure safety brief. 
Bay Island Voyages did not provide such warnings and, with the information 
available to the casualty prior to departure, it is highly probable that she thought 
she was about to enjoy a high speed trip within the smooth waters of Cardiff 
Bay. It is likely, taking into account her previous back injury, that had she 
been fully aware of the extent of the proposed ride she would have declined 
to participate. Although boat operators and skippers cannot be expected to 
accurately diagnose the effect a fast or turbulent boat ride will have on every 
passenger, as a minimum they should ensure that all passengers are made fully 
aware of the risks prior to departure.

15 HSG 175 paragraph 240 – Take reasonably practicable measures to identify and exclude any 
individuals who cannot ride safely if, for example: they are too small to be safely contained; they 
are too large to be safely contained; they have a disability or condition, e.g. back or neck injury, 
heart condition, or they are pregnant; they are behaving inappropriately.
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Bay Island Voyages relied predominantly on the experience of the skipper and 
the feedback received from the passengers to govern the intensity of the ride 
provided. However, although the majority of passengers on board Celtic Pioneer 
were enjoying the thrill of the ride up to the time of the accident, the casualty 
and other passengers opted not to voice their concerns. This behaviour, which 
was also identified as a factor in the similar accident in New Zealand noted 
in paragraph 1.7, is understandable given perceived peer pressure, personal 
pride and/or a desire not to spoil the fun enjoyed by the majority. Therefore, 
passenger feedback cannot be relied upon to accurately gauge any discomfort 
or unease.

2.6.4	 Manning
The crew on board Celtic Pioneer were quick to identify the passenger was in 
difficulty after sustaining her injury, and responded by stopping the boat and 
offering assistance. Had the accident occurred on board Celtic Ranger, however, 
the ability of her skipper to respond as effectively would have been severely 
compromised by the lack of assistance available from other trained crew.

The Yellow and harmonised SCV Codes allow boats to be chartered for this 
type of activity, without additional crew if a skipper nominates at least one of 
his passengers to assist him in an emergency. Nonetheless, it is impractical 
to expect a skipper to nominate and brief a member of the public on how to 
launch a liferaft, operate flares, drive the boat, recover a man overboard or use 
a VHF radio, prior to every 1 hour excursion. Therefore, in determining levels of 
manning, it is essential that, in addition to the regulatory requirements, operators 
must take into account the need to maintain the safety of the passengers and to 
effectively deal with all emergency situations.

2.7	 Safe operation
Thrill-type and fast boat rides are not specifically covered in the Yellow, Brown, 
Blue and Red Codes of Practice, or the harmonised SCV Code. Although these 
codes do specify some operational requirements for all vessels, it is difficult, 
if not impossible, to regulate every type of operation or water-based activity. 
The responsibility of ensuring that the risks to passengers and employees are 
effectively managed rests firmly with boat owners and operators.

A brief review of several operators’ risk assessments and safety management 
systems during this investigation identified that passenger safety was being 
managed to widely varying standards. It was also apparent that some 
companies operating on the inland waterways were applying more stringent 
control measures than those operating at sea. This possibly reflects the positive 
influence of the Inland Waters Small Passenger Boat Code.



28

The information and guidance available to manufacturers, operators, insurers, 
local authorities and certifying authorities to help manage the risk associated 
with high speed passenger boat rides is limited. It is recognised that a 
growing number of people enjoy and participate in this type of activity, which 
is frequently exciting and exhilarating. However, given the risks associated 
with these activities, the need for a more uniform approach to operating and 
safety standards is compelling. This will probably be best achieved through 
the introduction of an approved code of practice, which could be used as a 
benchmark for licensing and certifying authorities, and insurers. 
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SECTION 3	- CONCLUSIONS 
3.1	 Safety issues directly contributing to the accident 

which have resulted in recommendations
1.	 Celtic Pioneer was manoeuvred at speeds and/or in sea conditions such that 

the injured passenger was unable to maintain her intended posture when 
seated. [2.2]

2.	 The risk of spinal fracture and other impact related injuries from the repeated 
shocks experienced during thrill-type boat rides, and when encountering 
large waves and wakes, is significant. [2.3.1] [2.3.2]

3.	 Operators and skippers of thrill-type boat rides are not generally aware of all 
the dangers associated with shock and vibration in their craft. [2.3.3] 

4.	 A number of Celtic Pioneer’s features, including her hull and deck design, 
seating and handgrip arrangements, increased the likelihood of shock or 
impact related injury. [2.5]

5.	 There were several departures from the measures identified in the operator’s 
risk assessment. In particular, no action was taken when the injured 
passenger held on to the rope on the RIB’s buoyancy tube instead of the 
handrail. [2.6.2]

6.	 The injured passenger was not fully aware of the nature of the boat trip. 
[2.6.3]

3.2	 Other safety issues identified during the investigation 
also leading to recommendations
1.	 The suitability of the RYA Powerboat Level 2 Certificate to operate high 

speed commercial passenger carrying boats in open waters is questionable. 
[2.4] 

2.	 When operating fast boat rides, it is important that there are sufficient 
crew to monitor the welfare of the passengers and deal with all onboard 
emergencies. [2.6.4]

3.	 The lack of regulation or guidance regarding the operation of thrill-type and 
fast boat rides has resulted in varying standards of safety management 
within the sector. [2.7]
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SECTION 4	- actions taken
The Passenger Boat Association and the Professional Boatman’s Association 
have:

•	 Initiated the development of an industry code of practice for operators of thrill-
type boat rides based on the safety issues identified during this investigation.

Mecal Ltd has:
•	 Issued an instruction notice to its examiners advising them of the issues 

highlighted during this investigation, and offering additional guidance for the 
certifying of high speed commercial passenger vessels.
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SECTION 5	- recommendations
The Passenger Boat Association and Professional Boatman’s Association 
are recommended to:
2009/125	 In consultation with the MCA, continue to work towards the production of 

an industry approved code of practice for thrill-type boat ride operators, 
taking into account the safety issues raised in this report and the 
requirements laid down in the Vibration Regulations.

The Maritime and Coastguard Agency and Royal Yachting Association 
are recommended to:
2009/126	 Review and revise the deck manning and qualification requirements of 

the harmonised SCV Code taking into account the speed of craft and 
the type of activity intended in addition to the distance from shore and 
environmental conditions.

The Royal Yachting Association is also recommended to:
2009/127	 Raise the awareness of the dangers of shock and vibration in small high-

speed craft through its powerboat training syllabi.

The Local Authorities Co-ordinators of Regulatory Services (LACORS) and the 
Institute of Licensing are recommended to:
2009/128	 When available, promulgate the approved code of practice for thrill-type 

boat operators, and strongly encourage local authorities within the United 
Kingdom to require operators to adhere to the code as a condition of 
licensing.

Bay Island Voyages is recommended to:
2009/129	 Review its risk assessments and operating procedures taking into 

consideration the safety issues identified in this report, and ensure that all 
such procedures are followed.

May 2009
Marine Accident Investigation Branch

Safety recommendations shall in no case create a presumption of blame or liability


