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Photograph A 
Shotover T4 
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GLOSSARY 
TERM DESCRIPTION 

Planing speed: A speed of 35 kilometres per hour or more 
 

Planing turn: A turn where the boat stays on the plane 
 

Photo turn: A planing stop 
 

Dyno: An engine tuning and output testing machine 
 

MOTEC: A computer management system to control the engine timing, fuel injection and 
sensors. 
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REPORT NO.:  06 3946 

VESSEL NAME: SHOTOVER T4 

 

Ship Type: Commercial Jet Boat 
 

Certified Operating Limit: 
 

Shotover River 

Maritime NZ No.:  
 

130767 

Built: 2003 
 

Construction Material: Aluminium 
 

Length Overall (m): 5.3 
 

Maximum Breadth (m): 2.44 
 

Engine: 
 

2 x V6 Buick super charged engines 

Jet Unit: 
 

2 x Hamilton 212 Jet units 

Registered Owner: 
 

Ngai Tahu Holdings Corporation Limited 

Ship Operator/Manager: 
 

Shotover Jet Queenstown Limited 

Authorised Person:  
 

Martin Black 

Technical Advisor: 
 

Jeff Horne 

Accident Investigator: Zoe Brangwin  
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SUMMARY 
At approximately 0915 hours, on 1 January 2006, there was a fire in the engine compartment of the jet 
boat Shotover T4 (hereinafter referred to as T4). 
 
Earlier, at approximately 0700 hours, the Driver of T4 started his shift. He carried out boat checks and 
signed them off on a check sheet.  
 
The first commercial trip was at 0830 hours. The Driver did not experience any problems with T4 
during this trip.  
 
At about 0900 hours, the Driver prepared for the next trip that was due to depart the jetty at 0930 
hours. He boarded T4 and started the two engines. He then noticed that the starboard engine 
revolution counter gauge was reading low by about 200 revolutions. After turning the engines on and 
off and carrying out a number of planing turns on the water, the problem did not rectify itself so he 
returned to the jetty and called for assistance. 
 
While the Driver was waiting for the Operations Manager and a Technician to arrive, he refuelled T4 
with forty four litres of petrol. The Driver stated that there was no huge overspill but that there may have 
been a tiny bit spilt into the catchment area (See Figure 2). 
 
The Operations Manager and the Technician then boarded T4. The Operations Manager started the 
port engine and then the starboard engine. After about 10 seconds they both heard what sounded like 
a ‘backfire’ inside the engine bay. Almost immediately after this they saw smoke and then flames 
through a small gap situated between the engine bay and the rear seats. 
 
The Operations Manager immediately activated the fixed fire fighting system. About fifteen to thirty 
seconds later, the Technician lifted the hatch to the engine bay. The Operations Manager then passed 
him a portable fire extinguisher. The Technician discharged the contents of the fire extinguisher at the 
flames, which were extinguished briefly, but which then re-ignited.  At this stage both men decided to 
leave the jet boat as the fire had become too large for them to control. 
 
The Fire Brigade arrived at the scene and extinguished the fire. T4 subsequently sank at the berth due 
to the amount of water that was used by the Fire Brigade to extinguish the fire. 
 
The report concludes that:   
 

• Fuel vapour/fuel leaked from the fuel gauge sender area and other points into the bilge of the 
engine bay area of T4  

• A spark from a spark plug lead which had fallen off the spark plug created the ignition source 

• The contents of the Aqueous Film Forming Foam extinguisher did not fully discharge due to its 
positioning and the trim of the jet boat 

 
The controls set out below, that had been put in place to guard against the risk of fire due to a fuel 
spill, failed: 
 

• Venting  

• Ignition source elimination 

• Contain spill 

• Pre-fuel check 

• Fixed Firefighting appliance nozzle positions 
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The organisational failures that resulted in this accident included: 
 

• Poor refuelling procedures 

• Inadequate monitoring and control of technical issues 

• Inadequate auditing of fire safety training for compliance. Despite the fact that staff had 
undergone training, the majority of those interviewed displayed no evidence of properly 
understanding or remembering this training. The fact that they opened the hatch shortly after 
the AFFF had been discharged into the compartment supports this conclusion. 

• Design deficiencies with regard to the fuel tank and fuel catchment area 

• Poor communication 

• Rule Violations 

 
Shotover has undertaken the following actions since the accident: 

 
• Changed from 100 to 98 octane petrol 

• Pressure testing of fuel system on all jet boats 

• The service checks have been revised to include a pressure test of the fuel tanks every 100 
hours. 

• Replacement of gaskets/sealants/ hoses to comply with manufacturers specifications 

• Two external audits have been carried out. Shotover has contracted these. 

• Maritime New Zealand and the Authorised Person have carried out a full safety audit on 
Shotover. 

• Fire safety training has been carried out by the New Zealand Fire Service 

• The refuelling procedure has been modified  

• The explosive proof material (explosafe) in all fuel tanks has been readjusted to reduce any 
backflow of fuel 

• The daily driver and mechanics checks have been updated to reflect the changes in the 
refuelling procedure 

• Modifications have been made to the fuel sender unit mountings on all boats. 

• A re-design of the on board fire fighting system has been completed. Changes have included 
repositioning the fixed fire extinguisher to achieve full discharge, adding additional nozzles and 
repositioning existing nozzles to achieve full coverage of the engine bay and fuel tank areas.  

• The General Manager, Shotover Jet Queenstown, has been appointed Safety Officer. He 
assumes over all responsibility for all aspects of operational safety and is the contact point for 
liaison with key external stakeholders. 

 
The report recommends that Shotover Jet Queenstown: 

 
1. Investigate the use of a more suitable technical database/support package for all technical 

work. This system should be able to be interrogated on many levels. The current system is a 
parts based purchase and charging system designed for the automotive industry and does not 
have a diagnostic or search engine for finding similar or repetitive parts or repair failures. 

2. Develop a system to ensure that all faults are investigated and documented across the fleet. 

3. Ensure the daily work sheets include the details of any work done in relation to concerns raised 
on the check sheet by either the driver or mechanic.  

4. Re-evaluate the position descriptions and reporting lines of all senior positions including Head 
Technician and Driver. 
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5. The Head Technician’s position description be re-assessed in order to ensure that workshop 
standards are maintained and the administration and role is carried out. More resources may 
be required to meet this requirement. 

 
Shotover Jet Queenstown has advised Maritime New Zealand that it has completed Recommendations 
2, 3 and 4 above and has made significant progress in implementing Recommendations 1 and 5. 
 
The report further recommends that: 
 

• The report be disseminated to all New Zealand commercial jet boat operators. 

• This accident to be included in the Maritime New Zealand quarterly safety digest, Lookout! 
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NARRATIVE 

Vessel Details 
T4 was a 5.3 metre purpose built jet boat. The jet boat was designed specifically for the Shotover River 
Canyons. The hull of the jet boat was of heavy gauge marine aluminium construction that was 
designed for maximum strength, speed and manoeuvrability.  It was fitted with twin Hamilton jet units 
giving a combined thrust of 800 litres of water per second. Twin V6 Buick engines powered T4 which 
ran on 100 octane ‘AVGAS’ (Aviation Fuel). 
  
The jet boat seated fourteen adult passengers and a driver. Prior to the fire on T4, Shotover Jet 
Queenstown Limited (“Shotover”) operated a fleet of seven twin jet boats.  
 
T4 had a valid Safe Operating Plan (SOP) and Certificate of Compliance.  An Authorised Person last 
inspected the jet boat in November 2005.  
 
 

Company Details 
Shotover is a subsidiary of Shotover Jet Limited, which is owned by Ngai Tahu Holdings Corporation 
Limited. Shotover Jet Limited consists of a number of companies including Huka Jet Limited and Dart 
River Safaris. 
 
 

Driver Details 
The Driver of T4 started with Shotover on 1 November 2004 as a trainee driver. He became qualified to 
drive commercially on 12 December 2004.  
 
The Operations Manager has been driving jet boats since 1992. Prior to joining Shotover in 1998 he 
had owned his own commercial jet boat business. He has an estimated 10 000 hours driving jet boats 
in a variety of conditions in New Zealand. At the time of drafting this report he had been the Operations 
Manager at Shotover for twenty months. 
 
The Operations Manager runs the operational side of the business including the day-to-day operation 
of jet boats and driver training. He also liaises with the technical team. 
 
 

Safety Equipment 
The jet boat was equipped with the following safety equipment: 
 

• Safety briefing card 
• Radio 
• Bow rope  
• First aid kit 
• Throw bag 
• Paddles x 2 
• Bailer 
• Flares x 3 
• Portable Fire extinguisher  
• Fixed fire fighting system 
• Tools 
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Fixed Fire Fighting System 
T4 was fitted with an Aqueous Film Forming Foam (AFFF) fixed fire fighting system. The system is 
designed to be manually activated from the driver’s position. When activated, a foam and water mix is 
sprayed out of the nozzles into the engine compartment (See Figure 1). The system is designed to 
blanket a fire and smother it. 

 

 
 
Figure 1 
Diagram of Fixed Fire Fighting system 
 
 
At the time of the accident the fixed fire-fighting appliance, failed to fully discharge into the engine 
compartment. This was due to the fact that it had been mounted at an incorrect angle. 

AFFF release 
lever 

AFFF system
Tank and four nozzles

Handheld extinguisher

Driver’s position 
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THE FIRE 
At approximately 0700 hours on 1 January 2006, the Driver of T4 started his shift. He carried out his 
boat checks and signed them off on a check sheet. He then refuelled the jet boat at the workshop. T4 
was then moved to the river by tractor where the Driver carried out the on river checks. No defects 
were found at this time. 
 
The first commercial trip commenced at 0830 hours. The Driver did not experience any problems with 
the operation of T4 during the course of this trip. T4 was not required for the next trip so he moved it 
to the trailer and tagged it with the “one trip left” fuel tag. He then went up to the staff room for a 
coffee. 
 
At about 0900 hours, the Driver returned to the river to prepare for the next trip, which was due to 
depart at 0930 hours. He got into T4 and started both engines. The Driver then noticed that the 
starboard engine revolution counter gauge was reading low by about 200 revolutions. He turned both 
engines off and restarted them to see if the gauges would reset themselves. However, the starboard 
engine continued to read low by about 200 revolutions. 
 
The Driver then radioed for clearance to move T4 to the jetty to refuel. He moved the jet boat down to 
the jetty and carried out a ‘planing’ turn and then a ‘photo’ turn off the jetty. The starboard engine was 
still reading low by 200 revolutions. The Driver turned off both engines and then tried restarting the two 
engines to see if that would solve the problem. 
 
He then took off from the jetty again and carried out another ‘planing’ turn. This had no effect on the 
engine revolutions so he radioed the workshop and asked for a technician to come down and have a 
look at the jet boat. He then brought T4 back alongside the jetty.  
 
Once alongside the jetty, the Driver saw the Operations Manager and called out to him to come over 
and look at the variation in the engine revolutions. While the Driver was waiting for the Operations 
Manager and Technician to arrive, he refuelled T4 with 44 litres of petrol. The Driver stated that whilst 
refuelling, there was no huge overspill of petrol but that a tiny bit may have spilt into the catchment 
area (See Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 
Petrol filling hatch and spill catchment area T4 
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The Operations Manager and Technician climbed into T4. The plan was for the Operations Manager to 
take T4 to the trailer to see what was the problem. The Operations Manager was in the driver’s seat 
and the Technician was in the front row beside him. The Driver was in the row of seats behind the 
Operations Manager. The Operations Manager started the port engine and then the starboard engine. 
After about 10 seconds they heard what sounded like a ‘backfire’ coming from inside the engine bay. 
Almost immediately after this they saw smoke and then flames through a small gap Position “A” (See 
Figure 3), that was situated between the engine bay and the rear seats. 
 
The Operations Manager immediately activated the fixed fire fighting system. About fifteen to thirty 
seconds later, the Technician lifted the hatch. The Operations Manager then passed him a portable fire 
extinguisher and the engine bay was covered in foam. However, a small flame was observed in way of 
Position “B” (See Figure 3). The Technician extinguished this flame but then another flame appeared in 
Position “C” (See Figure 3).  The Technician discharged the contents of the portable fire extinguisher at 
the flame. It was extinguished briefly but then re-ignited.  At this stage both men decided to leave the 
vessel as the fire had become too large for them to control (See Figure 4). 
 

Figure 3 
Diagram of the vessel and flame positions 
 
 
While this was happening the Driver had isolated the fuel and the shore-based staff had activated the 
emergency plan for fire at the Jetty. They notified the Fire Brigade and moved all the passengers away 
from the jetty.  
 

 

C 
B 

A 
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Figure 4 
Flames and smoke coming from T4. 
 
 
At approximately 0930 hours, the Fire Brigade arrived and were able to extinguish the fire. T4 sank at 
the jetty due to the amount of water that was used by the Fire Brigade to extinguish the fire. 
 
Later that morning, T4 was recovered from the river and taken to the workshop, where a New Zealand 
Fire Service expert and a Maritime New Zealand technical advisor carried out a detailed inspection in 
order to establish the cause of the fire. 
 
 

T4 
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THE DAY BEFORE THE FIRE 
On 31 December 2005, a Shotover driver finished a commercial trip. He then refuelled the jet boat and 
moved it from the jetty to the trailer. As he took it back to the trailer he noticed that the starboard 
engine was ‘missing’ (not firing correctly). He notified the Workshop Foreman and asked him to come 
and investigate. The Workshop Foreman decided to take the jet boat to the workshop as a 
precautionary measure.   
 
Once T4 was in the workshop, the Workshop Foreman removed the spark plugs on the starboard 
engine and decided they needed to be replaced. The spark plugs were removed due to lead erosion. 
This had been a consistent problem across the fleet since the introduction of AVGAS. The plugs were 
lasting only 30-50 hours before suffering from lead erosion. 
 
The Workshop Foreman was then called away to attend an incident at the jetty. At approximately 1130 
hours, he returned to the workshop and assigned the work on T4 to two technicians, Technicians 1 
and 2. He gave them the new spark plugs and told them to check the gap and then fit them.  
 
Technician 1 stated that he fitted the spark plugs to the port engine of T4 and Technician 2 fitted the 
starboard engine spark plugs. When interviewed by the Investigator, Technician 2 could not recall 
doing this task as he was called away to assist with an emergency at the jetty during this time. 
Notwithstanding that Technicians 1, 2 and the Workshop Foreman had all signed the T4 logbook, 
under the Spark plug entry, to indicate that this job had been conducted.  T4 was river tested by 
Technician 1 before being returned to service. 
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COMMENT & ANALYSIS 

Evidence 
On 1 January 2006, the jet boat technical advisor from Maritime New Zealand (“the Advisor”) took 
photographs of the fire damage to T4. The wreck of T4 was then recovered from the river and 
examined. The Advisor also attended the fire investigation alongside a fire officer from the New Zealand 
Fire Service. 
 
On 16 January, the Investigator commenced the interviews of various personnel. These consisted of 
the following: 
 
 

• Driver of T4 on 1 January 2006 

• Driver of T4 on 31 December 2005 

• Operations Manager 

• Technicians – including the two technicians that worked on T4 on 31 December 2005. 

• A number of other jet boat drivers 

• Head Technician and Head Driver 

• Shotover management 

 
 

Analysis 

Advisor’s Report 
 

Fuel Vapour Leaks/Fuel Spillage 
 
During the course of his investigation the Advisor found evidence from the company’s maintenance 
records, that at the fuel filling point on T4, fuel had been spilling over the side of the jet boat during the 
refuelling process due to what was recorded as “blow back” and “slow filling problems”. Photograph 2, 
(See Appendix 1), which was taken of a ‘sister vessel’ to T4 during the course of this investigation, 
showed that as a result of blow back etc., excess fuel would run down the side of the boat and then 
along the rubbing strip attached to the outboard hull. In way of where the rubbing strip was attached to 
the hull by securing bolts, fuel was able to pass around the edges of the bolts, through the hull and into 
the engine bay. The inspection of a sister vessel also showed that due to the design of the filling 
system, any spillage of excess fuel during the filling process, would result in fuel running between the 
filler housing and the inside of the hull and from there into the engine bay. A number of modifications, 
based around the fuel breather area, had been made in an attempt to improve the filling system.  
 
A further source of fuel leakage was identified when examining a sister vessel to T4. Photograph 3 (See 
Appendix 1) shows that a sealant had been applied around the top of the filler in an attempt to solve 
the problem. 
 
An examination of T4 revealed that the hose clamp connecting the filler hose to the fuel tank was the 
incorrect size for the hose (See Appendix 1 - Photographs 11, 24 & 28). The Advisor found that 
although the hose clamp was fully tightened it still moved quite easily around the end of the hose. The 
Advisor also found that an attempt had been made to solve the problem of the loose hose by wrapping 
insulation tape around the hose to increase its overall diameter. However, the hose clamp had not 
been fitted in way of where the insulation tape had been placed (See Appendix 1 - Photograph 11). 
The maximum capacity of the fuel hose is 6.3 litres.  
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Upon examining the aluminium fuel tank, the Advisor found it had been stamped to show that it had 
been pressure tested to 3 pounds per square inch (20.68 kPa) (See Appendix 1 - Photograph 17). This 
exceeded the requirement laid down by Maritime Rule Part 80 which requires a fuel tank be pressure 
tested to a head of water of 2.4 metres, equating to 1.8 pounds per square inch.  
 
The fuel tank is filled with ‘Explosafe’, a foam product that is used to prevent fuel vapours in the tank 
from igniting. Additionally, the tank is surrounded by foam to ensure it fits tightly within the structure of 
the hull. The tank, located forward of the aft bulkhead beneath the floor of the jet boat, is fitted with a 
filler hose inlet; a breather outlet; two fuel injection returns and two fuel pick lines. In addition, there is a 
fuel gauge sender mounted into an inspection plate (See Appendix 1 - Photograph 1). The inspection 
plate is secured by threaded bolts that are tapped into the fuel tank. The fuel gauge itself is secured by 
a number of cap screws.  
 
A visual inspection by the Advisor showed there had been a number of fuel leaks in the fuel gauge 
sender area, as evidenced by the burn pattern of the fire (See Appendix 1 - Photograph 25).  
 
The foam around the tank had suffered only minor burning indicating that the fire on the top of the tank 
was possibly part of the initial explosion (See Appendix 1 - Photograph 23). 
 
The fuel tank was removed from T4 by the Advisor and tested with a head of water. At a head of 
900mm, the fuel gauge sender was observed to be leaking around both the gasket and the cap 
screws. When the inspection plate was removed it was found that in way of where the fuel gauge 
sender is mounted, two of the cap securing screws were loose and another two cap screws were 
cross threaded. 
 
 

Ignition Source 
 
Whilst investigating the engine compartment for the source of the ignition, the Advisor noticed that the 
No. 5 spark plug lead of the starboard engine was lying loose in the bilge across the starboard engine 
bearer. He also saw that the coil end of the plug lead was still connected to the coil pack on top of the 
engine (See Appendix 1 - Photographs 8, 9, 14, 19, 21, 22 & 26). 
 
The Advisor was of the opinion that the No. 5 spark plug lead was not connected to the spark plug at 
the time of the fire as evidenced by the different burn patterns on this plug lead and its spark plug and 
the adjacent spark plug lead (See Appendix 1 - Photograph 15). 
 
Aided by the technical expertise of staff from Shotover, the Advisor found that the Motec 880 computer 
control system for the operation of the engines showed no sign of a backfire in the starboard engine. 
The engine induction systems also gave no indication of a backfire in either engine. 
 
After stripping down the starboard engine and removing the cylinder heads, it was found that there had 
been no ignition of fuel in the No. 5 cylinder, confirming that the spark plug lead to this cylinder could 
not have been attached to the spark plug at the time when the Operations Manager started both 
engines. The fact that No. 5 cylinder was not firing would account for the reduction in revolutions that 
was observed by the Driver. 
 
On the basis of the above it was concluded the source of the ignition was the loose spark plug lead 
that fell into the bilges, such that when the starboard engine was restarted, a spark from the lead found 
its way to earth and ignited the spilled fuel vapour and the fuel that was in the bilge. This resulted in the 
initial ignition of fuel, which in turn blew the fuel filter bowls off on each engine and released a total of 
approximately one litre of fuel into the bilge space, which then fed the fire. 
 
Whilst the transom fire was extinguished relatively quickly, the action of the fire extinguisher nozzle 
hitting the base of the flames in the bilge resulted in blowing the flames forward under the fuel tank, 
igniting the fuel in the bilge in this area. At this point there was a further re-ignition of the fire that could 
have been caused by fuel leaking from the fuel hose line. This resulted in the fire spreading back into 
the engine bay. 
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The attached photographs showing the fire damage to T4 shows that in the early stages of the fire, it 
was situated quite a way forward on the boat. This would be consistent with the jet boat’s trim by the 
bow as any spilled fuel would have gravitated towards the forward end of T4. 
 
 

Fire System on T4 
 
Examination of the fire fighting system using the Aqueous Film Forming Foam (AFFF) showed that there 
was still about 2.5 litres of AFFF remaining in the nine litre capacity bottle. The reason for the failure to 
fully discharge, was due to the bottle being mounted horizontally combined with the forward trim of the 
boat with no passengers on board. 
 
 

Active Failures 
• The spillage of fuel whilst refuelling. 

• The failure to properly secure the spark plug lead to the spark plug. 

• Due to the forward trim of the boat, the majority of the spilled fuel would have been at the forward 
end of the boat. The discharge of the portable extinguisher would have ‘blown’ the flames into the 
cavity under the tank, thereby re-igniting the spilt fuel in that area. 

• Failure to follow fire safety training: 

• Lifting the hatch too early, thereby allowing oxygen into the engine compartment. 

• The failure of the fixed fire-fighting appliance, the AFFF foam to fully discharge into the engine 
compartment. This was due to the fact that it had been mounted at an incorrect angle. 

 
 

Latent Failures 
• The failure to modify the catchment area to ensure that any fuel spillage was contained. 

• The placement of explosive safe material (explosafe), directly beneath the point where fuel entered 
the fuel tank thereby causing a blowback of fuel when filling the tank (See Sub-Heading - Fuel 
Tanks). 

• Inadequate refuelling procedure. 

• The failure to properly audit Fire Safety Training for Compliance. 

 
 

Fuel 

Change of Fuel 
 
At the time of the fire the fleet of Twin V6 Buick super charged engines ran on 100 octane ‘AVGAS’ 
(Aviation fuel).  
 
The twin jet boats were originally fuelled by Mobil 96 octane fuel. 
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In October 2005 Shotover was informed that they could no longer receive a supply of 96 octane fuel. 
 
Tests were carried out using 95 octane fuel and it was found the engines would not run satisfactorily. 
After testing was conducted it was decided that 100 octane fuel would be more suitable. 
 
On commenting on the draft report Technican 2 commented that workshop staff had major concerns 
over the numerous plug changes, and that insufficient testing had been carried out using 100 Octane. 
In reply, Shotover stated that senior management were aware of the increase in spark plug changes 
after the fuel was changed and that they were monitoring the situation very carefully with every effort 
being made to find a solution. Shotover stated the fuel change had been forced upon them. They did 
not consider the number of plug changes posed a safety threat and that a solution was found in 
January when arrangements were made with BP for the supply of 98 octane fuel. 
  
In November 2005 the fuel was changed from 96 to 100 octane.  
 
In January 2006 the engines were Dyno tested and the MOTEC 880 computer set for 98 octane. 
 
 

Prior Evidence of Fuel Leaks 
 
During the investigation Maritime New Zealand found that there had been a number of reported 
incidents of fuel spills and leaks into the engine compartment. These had been recorded on the daily 
check forms. 
 
It is the opinion of Maritime New Zealand that an additional number of fuel spills/leaks went undetected 
during this time. 
 
In commenting on the draft report the Workshop Forman stated: “The boats of  Shotover have annual 
audits and this boat received its last audit near end of October of 2005.” 
 
The technical staff of Shotover had looked into the issue of fuel leakages, which was thought to be 
attributable to a problem with the fuel breathers. However, despite modifications that were made to the 
breathers, the fuel continued to blowback up the fuel filling line and into the catchment area. No further 
action was taken by Shotover to rectify this problem. 
  
Unsuccessful attempts had been made to seal the catchment area with filler. However this was 
ineffective as there was evidence of fuel spillage into the engine compartment in T4 and other jet boats 
that were inspected. The 100-octane fuel left a visible green colouration (See Figures 7 & 8). 
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Figure 7 
Evidence of fuel around a fuel sender on a sister jet boat 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 
Evidence from a sister jet boat of fuel leaking from the catchment area into the engine bay  
 
 
During the investigation the daily check sheets for all the jet boats were examined. The following was 
found: 
 

• 8 recorded incidents of fuel breather problems – as a result of a fuel spill or difficulties with 
refuelling. 

• 4 recorded incidents of the Driver noticing a petrol smell during boat checks 
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• 1 recorded incident of a technician noticing a petrol smell during boat checks 

• 2 recorded repairs to the fuel filling area. 

• 7 repairs to a fuel pump and hoses  

 
 

Fuel Tanks 
 
T4 and her sister jet boats are all fitted with aluminium alloy fuel tanks, each with a capacity of 128 
litres. Each jet boat carries enough fuel for two standard Shotover trips. The jet boats are fuelled from 
the main tank located adjacent to the workshop and at the portable tanker located by the jetty. The 
drivers and the technicians refuel the jet boats.  
 
During the investigation of the T4 fire it was found that the problem of fuel blowing back up the fuel 
filling line was due to the manner in which the fuel tanks had been fitted with ‘explosafe’ (an explosive 
safe foam packed into the tank to prevent the likelihood of an explosion) namely, directly beneath the 
fuel filling line (See Figure 9). A space should have been left at the fuel entry point to allow the fuel to 
enter the tank without blowing back. 
 
 
 

 
Figure 9 
Representative diagram of fuel tank and explosafe 
 
 

Fuel filler line 

Area around where the fuel 
enters the tank. This was filled 
with explosafe.

Explosafe 
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Refuelling Procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 
Refuelling Procedure 
 
 

Shotover Jet Risk Analysis 
 
The Shotover risk analysis listed “refueling spill” as a hazard and ‘fire’ as a potential outcome. 
 
Shotover had identified the following preventative actions: 
 

• “Venting – checks and inspection, sealed compartment 

• Ignition source elimination 

• Contain spill 

• Pre-fuel check 

• Fire extinguisher availability, built in” 
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Control Failure Diagram 
 
The following diagram (See Figure 11) shows that these controls/defences (and others not mentioned 
in the above risk analysis) failed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 
Control Failure diagram 
 
 

Organisational Failures 

Inadequate Control and Monitoring 
 
The investigation revealed that there was a lack of appropriate management control and direction. 
Despite the implementation of procedures and systems, management had failed to act on a number of 
critical issues as set out below: 
 

• There was no system in place to ensure that any problems found on one jet boat were 
effectively identified and rectified across the fleet. 

• No trend analysis had been carried out on technical incidents and any defects that were found. 

• There was no centralized computer system to capture all relevant data regarding the jet boats, 
their defects and maintenance. 

• The technical Safe Operational Plan documented the requirement for technical audits to be 
carried out by Shotover staff. This had not been done. 

• Shotover’s systems were externally audited. However, Shotover relied too much on the 
external auditor to find faults in the systems, which he failed to do properly. In respect of those 
faults that he did find, they did not have systematic corrective actions and sign off to ensure 
the system was fixed properly. 

Fuel Spill

Breakdown of 
defence/control

Venting
Engine compartment was not 

vented during or after refuelling

Contain Spill
Fuel had spilled into the catchment area 
and seeped into the engine compartment

Pre fuel check

Hazard Controls/Defences Potential outcome

Training
Despite training the incorrect fire 

procedures were carried out

Fire

Loss

Ignition source ellimination
The spark plug lead became unattached

Post fuel check
This did not pick up the presence 

of fuel in the compartment

Fire extinguisher 
The compartment was opended up after 

15-30 seconds allowing oxgen into the compartment 
and limiting the extinguisher's effectiveness
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Design Deficiencies 
 
The fuel tank was fitted with explosive proof material (explosafe). However, the explosafe covered the 
area that was located directly beneath the point where the fuel entered the tank. This in turn, caused 
the fuel to blowback when the tank was filled too quickly.  
 
The fuel catchment area was not drip proof and this allowed the fuel to seep inside the engine 
compartment. 
 
Maritime Rule Part 802.2 Petrol Installation sets down the requirement for the catchment area to be 
drip proof. 
 

(b) Petrol tanks, carburettors, and their pipe connections must be drip proof and covered or 
otherwise protected where any fire hazard is likely to exist. 

 
(h)  The petrol tank filling connection must be located such that when in use any spillage will 

not enter the boat. 
 
 

Inadequate Procedures 
 
Shotover’s refueling procedure was inadequate in that it failed to address the following issues: 
 

• Venting – both during and after fuelling 

• Checking for physical evidence of any fuel leaks or spills 

 
The new procedure states, “Prior to starting an engine the main hatch cover must be open. Check and 
again once both engines have reached normal operating temperature”. 
 
The original procedure breached Maritime Rule Part 80 – 3 - Fire Appliances: 
 

(a)  For petrol and LPG installations provision must be made to ventilate the engine space 
thoroughly before the engine is started. Drivers must check for the possibility of the build 
up of explosive gases in the engine space during pre-operational and operational checks. 

 
 

Communication 
 
There was inadequate communication between drivers and technicians and between senior managers. 
 
The investigation found that there was a lack of information sharing between managers and between 
managers and their staff. 
 
Despite an open door policy there was a reluctance by staff to speak out on issues about which they 
were concerned.  
 
The investigation found that Shotover had been using an incorrect accident reporting system. This 
demonstrated problems with regard to communication issues within management and also between 
Shotover and the Queenstown Lakes District Harbourmaster, with the result that accidents went 
unreported to Maritime New Zealand. 
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Failure to Properly Audit Fire Safety Training 
 
This was proven due to the action taken by the Operations Manager and Technician at the time of the 
fire. It was found during the investigation the cross section of drivers and technicians who were 
interviewed had insufficient knowledge of the correct action to be taken in the event of an engine 
compartment fire. 
 
 

Organisational Failure Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 
 
 

Rule Violations 
During the investigation it was found that Shotover was in breach of the following Maritime Rules 
(appropriate sections have been underlined): 
 

Maritime Rule Part 80 - Code of practice for the safety of jet boats operating on rivers 
 
2.2 Petrol Installation 
 
(a)  Petrol tanks must be vented overboard. 
 
(b)  Petrol tanks, carburettors, and their pipe connections must be drip proof and covered or 

otherwise protected where any fire hazard is likely to exist. 
 
(c) Petrol lines must be of a material – 
 

(i) acceptable to the authorised person inspecting the boat; and 
(ii) resistant to petrol. 

 
(d)  The air intake of carburettors must be fitted with an air filter or a flame arrester, which is 

acceptable to the authorised person inspecting the boat. 
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Maritime New Zealand Investigation Report  24 

 
(e) A petrol filter must be fitted and no petrol lines or filters etc. are to be fitted directly above 

exhaust systems.  
 
(f)  An on/off tap must be fitted between each petrol tank and filters. 
 
(g)  The petrol feed line must be taken from the top of the fuel tank. 
 
(h)  The petrol tank filling connection must be located such that when in use any spillage will 

not enter the boat. 
 
(i)  Petrol tanks must be adequately secured and constructed of mild steel, stainless steel or 

aluminium alloy. Tanks must be tested to a pressure equivalent to, at least, a 2.4 metre 
head of water, to the satisfaction of the authorised person inspecting the tank. 

 
 

3. Fire Appliances 
 
(a)  For petrol and LPG installations provision must be made to ventilate the engine space 

thoroughly before the engine is started. Drivers must check for the possibility of the build 
up of explosive gases in the engine space during pre-operational and operational checks. 

 
(b)  For petrol and LPG machinery installations a fixed fire extinguishing system must be fitted 

to extinguish fires in the engine space without removing the cover. Where CO2 is used as 
the extinguishing medium the system must be capable of discharging into the engine 
space 1 kilogram of CO2 per 0.8 cubic metres of engine space. A minimum of 2 kilograms 
of CO2 must be provided for the system. The means of operating the system must be 
readily accessible to the driver. For new boats other extinguishing mediums may be 
accepted by the authorised person inspecting the boat provided they are not halon based 
substances. Where existing boats are fitted with a BCF fixed system the system must be 
capable of discharging into the engine space 1 kilogram of BCF per 1.6 cubic metres of 
engine space. 

 
(c)  In addition to any fixed system the boat must carry at least one CCfe portable fire 

extinguisher of 2 kilogram minimum capacity or other portable fire extinguisher of type 
suitable for extinguishing oil fires of capacity acceptable to the authorised person. 

 
(d)  All portable fire extinguishers must be safely stowed away from the engine and fuel tanks, 

but handy and readily available to the driver. 
 
(e) Portable fire extinguishers must be manufactured to NZS 4506:1978 or NZS 4508:1979 as 

may be amended by Standards New Zealand from time to time, and maintained in 
accordance with NZS 450 3:1993 as may be amended by Standards New Zealand from 
time to time. 

 
 

Health & Safety in Employment Act 1992 
8 Significant hazards to employees to be eliminated if practicable-- 
 Where there is a significant hazard to employees at work, the employer shall take all 

practicable steps to eliminate it. 
 
9  Significant hazards to employees to be isolated where elimination impracticable-

Where- 
(a)  There is a significant hazard to employees at work; and 

(b) Either- 

(i)  There are no practicable steps that may be taken to eliminate it; or 
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(ii)  All practicable steps to eliminate it have been taken, but it has not been eliminated, 
the employer shall take all practicable steps to isolate it from the employees. 

 
10  Significant hazards to employees to be minimised, and employees tobe protected, 

where elimination and isolation impracticable-- 
 

(1)  Where- 

(a)  There is a significant hazard to employees at work; and 

(b) Either— 

(i)  There are no practicable steps that may be taken to eliminate it; or 

(ii)  All practicable steps to eliminate it have been taken, but it has not been 
eliminated; and 

(c) Either- 

(i)  There are no practicable steps that may be taken to isolate it from the 
employees; or 

(ii)  All practicable steps to isolate it from the employees have been taken, but it 
has not been isolated, the employer shall take the steps set out in subsection 
(2) of this section. 

(2)  The steps are- 

(a)  To take all practicable steps to minimise the likelihood that the hazard will be a 
cause or source of harm to the employees;  

 
Shotover had identified the hazard of fuel spill and subsequent fire, and had identified the controls to 
minimise the hazards. However, by failing to adequately vent the compartment after refuelling and 
failing to isolate the fuel, they failed to comply with sections 8, 9 and 10 of the Health and Safety in 
Employment Act 1992 as although the hazard and control had been identified no effective steps had 
been taken to eliminate, isolate or minimise the hazard. 
 
 

Subsequent Action Taken by Shotover 
Shotover has undertaken the following actions since the accident: 

 
• Changed from 100 to 98 octane petrol 

• Pressure testing of fuel system on all jet boats 

• The service checks have been revised to include a pressure test of the fuel tanks every 100 
hours. 

• Replacement of gaskets/sealants/ hoses to comply with manufacturers specifications 

• Two external audits have been carried out. Shotover has contracted these. 

• Maritime New Zealand and the Authorised Person have carried out a full safety audit on 
Shotover. 

• Fire safety training has been carried out by the New Zealand Fire Service 

• The refuelling procedure has been modified  

• The explosive proof material (explosafe) in all fuel tanks has been readjusted to reduce any 
backflow of fuel 

• The daily driver and mechanics checks have been updated to reflect the changes in the 
refuelling procedure 
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• Modifications have been made to the fuel sender unit mountings on all jetboats. 

• Modifications to the fuel filling area, to contain any fuel spillage during refuelling have been 
made to all jetboats. 

• A redesign of the onboard fire fighting system has been completed. Changes have included 
repositioning the fixed fire extinguisher to achieve full discharge, adding additional nozzles and 
repositioning existing nozzles to achieve full coverage of the engine bay and fuel tank areas.  

• The General Manager, Shotover Jet Queenstown, has been appointed Safety Officer for the 
business. He assumes over all responsibility for all aspects of operational safety and is the 
contact point for liaison with key external stakeholders. 
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CONCLUSIONS 
N.B. These are not listed in order of importance 
 

There were leakages of fuel from the fuel gauge sender and the catchment area, as a result of blow 
back from the fuel tank into the bilge area of the engine bay on T4.  
 
The ignition source for the fire was a spark from the spark plug lead that had fallen off into the bilge 
area. 
 
The controls set out below, that had been put in place to guard against the risk of fire due to a fuel 
spill, failed. 
 

• Venting  

• Ignition source elimination 

• Contain spill 

• Pre-fuel check 

• Fixed Firefighting  Appliance nozzle positions 

 
The organisational failures included: 
 

• Poor refuelling procedures 

• Inadequate monitoring and control of technical issues 

• Failure to properly audit fire safety training for compliance 

• Design deficiencies with regard to the fuel tank and fuel catchment area 

• Poor communication 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 
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SAFETY RECOMMENDATIONS 
A. It is recommended that Shotover: 

 
1. Investigate the use of a more suitable technical database/support package for all technical 

work. The current system is a parts based purchase and charging system designed for the 
automotive industry and does not have a diagnostic or search engine for finding similar or 
repetitive parts or repair failures. 

2. Develop a system to ensure that all faults that are found are investigated and documented 
across the fleet. 

3. Ensure the daily work sheets include the details of any work done in relation to concerns raised 
on the check sheet by either the driver or mechanic.  

4. Re-evaluate the position descriptions and reporting lines of all senior positions including Head 
Technician and Driver. 

5. It is recommended that the Head Technician’s position description be re-assessed in order to 
ensure that workshop standards are maintained and the administration role is carried out. 
More resources may be required in order to meet this requirement. 

 
Shotover Jet Queenstown has advised Maritime New Zealand that it has completed 
Recommendations 2, 3 and 4 above and has made significant progress in implementing 
Recommendations 1 and 5. 

 
B. It is recommended that Shotover’s reservation staff be commended for the way they carried out 

the emergency procedures shore side and dealt with clients during the fire. 
 
C. It is recommended that this report be disseminated to all New Zealand commercial jet boat 

operators. 
 
D. It is recommended that this accident be included in the Maritime New Zealand quarterly safety 

digest, Lookout!. 
 



APPENDIX 1 
Shotover T4 Fire 
Technical Advisor Photographs 
 

 
Photograph 1 
Sister boat showing fuel leaks at fuel sender area. 
 
 

 
Photograph 2 
Showing fuel leaks around rubbing strip bolts on sister boat 



 
Photograph 3 
Sister boat showing sealant around filler, in filler compartment 
 
 

 
Photograph 4 
Beach fuelling system 
 
 



 
Photograph 5 
Showing extensive fire damage in driver compartment 
 
 
 
 

 
Photograph 6 
Engine bay of Shotover T4 
 
 



 
Photograph 7 
Fuel filler area of Shotover T4 
 
 
 

 
Photograph 8 
No. 5 starboard engine spark plug lead in bilge 
 
 



 
Photograph 9 
No. 5 starboard engine spark plug lead in bilge 
 
 
 
 

 
Photograph 10 
Fuel tank area of Shotover T4 
 
 



 
Photograph 11 
Fuel filler hose clamp of Shotover T4 
 
 
 
 

 
Photograph 12 
Fuel tank of Shotover T4 showing explosive 
 
 



 
Photograph 13 
Driver compartment of Shotover T4 – high heat and fire area 
 
 
 
 

 
Photograph 14 
Port engine with spark plug lead missing No. 6 cylinder 
 
 



 
Photograph 15 
The difference between a plug with a lead and without 
 
 
 
 

 
Photograph 16 
Evidence left cylinder was not firing which is No. 5 
 
 
 



 
 
 

 
Photograph 17 
Showing tank testing stamp 
 
 



 
Photograph 19 
Shows plug lead on Shotover T4 whilst still being recovered 
 
 



 
Photograph 20 
Shotover Jet Tank Construction 
 
 
 
 

 
Photograph 21 
Port engine 
 



 
Photograph 22 
Port engine number spark plug lead missing 
 
 
 
 

 
Photograph 23 
Foam around fuel tank only slightly burnt on top 
 
 



 
Photograph 24 
Fuel filler hose clamp 
 
 
 

 
Photograph 25 
Shotover T4 fuel sender area 
 



 
Photograph 26 
Spark plug lead 
 
 

 
Photograph 27 
Fire extinguisher 



 
Photograph 28 
Tape on fuel filler hose to increase diameter  
 
 

 
Photograph 29 
Fire around fuel sender area 
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