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SHORT EXCERPTS OF THESIS               


date: 22. April, 2009
By Captain I.C. Clark (MNI), Captain M.T. Hancox (FNI) and Accident Investigator Arne Sagen (CNI)
Extract of Submissions.
An elaboration of the basic causes behind the capsize of Bourbon Dolphin: 

“The combination of the Free Trim Effect and the Girting Effect on tugs” 
An examination into the possible cause of capsizing of anchor handling tugs when engaged in routine operations.

The paper concentrates on the stability aspects of vessels engaged in anchor handling operations and  other safety issues involved, such as the ability to release the load on the tug’s winch quickly in cases of emergency and the ability to keep the tug’s power and propulsion systems operational in even in extreme circumstances . The content of the paper is drawn from the following sources:

“Stability, Trim and Strength for Merchant Ships and Fishing Vessels” (I.C.Clark, published by Nautical Institute in 2008)

“Anchor handling vessel Safety” (M.T. Hancox/ published by Nautical Institute in 2008)

“Stevns Power” – Capsizing and foundering during anchor handling operations on 19th October 2003  (Casualty report issued by the Danish Maritime Authority in June 2004).
1) I. C. Clark, Master Mariner, BSc, Msc, MNI:

The stability problems specific to anchor handling tugs.
Most types of offshore support vessels with short and high fo’c’sles and long after decks (such as “Bourbon Dolphin) are designed to operate with a significant trim by the head, but this is not always practical for vessels engaged in anchor handling, witch requires hauling and deploying of anchor moorings and buoys over the stern. These operations usually must be carried out quickly, particularly when the tug is supporting a rig or a moving platform that is being controlled by hauling in on its moorings. Consequently, the tugs are usually operated with a slight stern trim, even though this increases their exposure to danger of rapidly losing stability through the “free trim effect”. Furthermore, the weight of the tow or chain acting at the tugs stern roller increases the stern trim, mean draft and KG, all of which reduce the vessels reserve stability, so the stern trim must be kept to the minimum necessary for carrying out the anchor handling operation. The attached figure 1 illustrate the “Free Trim Effect” 
Furthermore, one danger common to all tugs is that of being swung beam onto the towline, usually by excessively high tension, which is a phenomenon known as “girting”. In any girting incident, the tow or chain takes control of the tug rather than the other way around with the result that the tug can be towed sideways, during which there is a danger of it capsizing. However there are some very important differences between a conventional harbour tug being “girted” an the “girting” of an anchor handling tug. In the first place, the tow forces acts upwards, usually on the amidships region of the tug, while on an anchor handling tug the anchor chain forces acts downwards on the stern region of the tug. The “Girting Effect” is illustrated on the diagrams shown on figure 2.
The combination of the two mentioned effects, The “free trim effect”, the “girting effect” are forcing the vessel to both changing the trim from head to stern, and at the same time is increasing the previous list. In combination with the propulsion and thruster forces, this may have a detrimental effect on the ships stability.  

Concluding comments:

The stability of tug when anchoring handling can only be truly judged from its GZ curve for its towing condition, i.e. the running free GZ curve adjusted for the increase in mean draft, change of trim and loss of GM due to the weight of the tow on the stern. The reduction in a tug's range of stability caused by the increase in the stern trim is by far the most significant of these three changes, especially as these vessels are usually operated with a very low freeboard at the stern. From some of the witness statements given to the inquiry into the loss of the 'Stevns Power', it would appear that some anchor handling officers do not fully realise how thrusting against the tow increases the danger of capsize from the free trim effect on such vessels when operating with a low aft freeboard. They must be getting things right 99% of the time, or there would be many accidents such as those of the 'Stevns Power' and 'Bourbon Dolphin', but I wonder if they realise how close they may be to capsizing when they apply large amounts of thrust against the tow to manoeuvre their tugs. Anchor handling tugs are very powerful vessels for their size but, just as a strong judo wrestler can be thrown by having his strength used against him by a wilier weaker opponent, so the power of an anchor handling tug can lead to the downfall of it and its crew when used in the wrong circumstances. This lack of awareness may extend to the offshore industry as a whole, which might be failing to appreciate all the aspects of the specific training that new recruits require for the highly skilled job of anchor handling, as the older officers, who have amassed such a considerable amount of experience, retire. Films taken of model tests such as suggested bin below, could be both informative and instructive as a training aid. 

The danger of a catastrophic loss of stability capsizing the tug cannot be overstated. It is about the quickest way to lose a ship other than by blowing it up with a huge explosion and the officer on watch has only a minute at the very most to recognise that the situation is becoming irretrievable.
There may be possibilities to modify the design of anchor handling tugs in order to make them  less prone to a catastrophic loss of stability. One possibility is to build these ships with relatively small trimming tanks of, say 20 tonnes capacity, at the stern and bow with a powerful transfer pump so the low stern freeboard necessary for hooking an anchor buoy can be quickly increased for the towing operation after the buoy has been brought onboard. 

The enclosed figure 3, “Suggested model test to illustrate the capsize moment”, illustrate in a simple way how the sensitivity of the combined forces of the Free Trim and the Parametric effects can be demonstrated in a classroom training environment. 

 2) Captain Michael Hancox. Master Mariner, FNI

(Captain Michael Hancox (FNI) from Hancox Marine Services, Towmaster , AHT Master and specialist in offshore oilfield marine operations .Author of the new guidelines “Anchor Handling Vessel Safety” (Publisher: The Nautical Institute, UK)) and Oilfield Seamanship book series (Clarksons/Oilfield Publications)  . 


The safety aspects of AH operations.

The loss of the Bourbon Dolphin should make all those involved in the industry and in the use of these vessel’s reconsider many of their practices and assumptions. I consider that the Norwegian Government’s actions in issuing advice to their fleet via NIS Circ.7-2007 is a measured and sensible response and will assist in improving operational safety but it is only applicable to Norwegian Flag vessels .The requirement is for a universal improvement in the operational safety of this class of vessel .In my opinion substantial design changes are not the priority .However, some general cautions are applicable to all AHT class vessels and these include ;

* Despite the advances in the design and capability of the Offshore Oilfield Anchor Handling and Towing vessels as a distinct type, there are inbuilt design characteristics and weaknesses that can lead to the possibility of them being badly damaged or at worst, capsized and sunk, while undertaking what appear to be routine tasks. These risks exist in many types of anchor handling operations. Some operations, particularly those in water depths over 300 metres, where very heavy anchor handling loads may be experienced are especially sensitive to these dangers, even when large, high-powered vessels of impressive capability are involved. Pipelaying anchor handling, due to its requirement to keep the operation going, is another area where the personnel involved in handling the tugs need to be aware of the dangers that they may face.

* Due to the “Free Trim Effect”, a sudden submergence of large sections of the working deck of an anchor handling vessel, by whatever mechanism, can result in a sudden an unexpected loss of GM and possibly to loss of positive righting lever and ultimately capsize of the vessel.

* Do not trim the vessel by the stern to assist in anchor handling operations

* It is well-known that the fastest way to release the load on a winch drum is to let it freewheel without any braking constraint. This is an obvious statement but unfortunately not as easy to achieve as it should be, and in some operations and winch types is not possible .It seems to be unrealistic to design the winch systems on existing AH vessels for quick release of excess load especially when using chain handling gypsies, but it is necessary to come up with a few simple ways of modifying the most critical parts of operations to avoid the high chain loads. The operation of emergency release systems must form a basic part of vessel familiarisation and all the limitations of any particular system must be known and well understood by the vessel staff.  

* Sudden transverse load shifting on the stern of the vessel when the work or tow winch is heavily loaded should be avoided at all costs. The dynamic load forces, in combination with hydrodynamic forces on the hull and the influence of the propulsion system, may result in sudden unexpected list and submergence of the working deck with consequent loss of stability.       


* Orders given to the AH vessel from rig-movers or barge foreman, and other, which are considered dangerous or impractical must be challenged. (This point cannot be over-emphasised.) 
*Vessel stability and operation manuals must include references to the Free Trim Effect and the influence of load on the work/tow winches ,additionally giving  guidance on how to calculate the change in vessel stability when subjected to these  loads during  any particular operation.
*It is recommended that IMO via the Marine Safety Committee, reconsider the stability requirements for all vessels with the designation anchor handling/towing vessel to ensure that the owners and operators of such vessels are aware of the limitations of the vessels as a type and how to avoid sudden loss of stability due to the Free Trim Effect.

*It is recommended that Class Societies and Warranty Survey companies also reconsider their rule requirements and guidelines for applying the designation Anchor Handling Tug when classing or approving such vessels in the light of the known weaknesses in the basic design . 

* It is recommended that all vessel owners of this class of vessel and training establishments are made aware of the limitations of the modern anchor handler and they include in their training syllabus details of the possible risks that this vessel type is subjected to.     
3) Arne Sagen, ISM auditor and Accident Investigator. ALCM/USA, CNI

( Author of “The ISM Code in Practice” (Publisher: Aschehoug, Norway)and “Risk Assessment and Mitigation at Sea” (private publisher)) 
The loss of Bourbon Dolphin: 

Contributory effects of loss of power and the function of the winch emergency stop

The tragic capsizing of the anchor handling vessel Bourbon Dolphin with the loss of eight of its crew the 12. April 2007, following a similar capsizing of the Danish vessel “Stevns Power” with the loss of eleven lives in 2003, have sent shudders around the entire offshore world about safety standards in the sector.

The Norwegian government appointed a special commission to investigate of the Bourbon Dolphin accident. The Commission presented their report on 28 March 2008, when they made the statement that it is not possible to show that an individual error, whether technical or human, led to the accident, but rather concluded that a series of circumstances acted together and caused the loss of the vessel. 

It emerges from the report that the cause of the accident could not be proved, but concluded by specifying a number of “indirect factors” which may have contributed to the accident. The report mentions such contributory factors as weaknesses in the design of the vessel and its equipment, and failures in the handling of safety measures by the ships crew, the shipping company, the rig and the operator, and even flaws by the regulators and the classification societies. 
The Commission finally recommended a great number of measures to prevent a recurrence of such accidents. Of these contributory factors, we will deal with two of them, which definitely were in the link of vital causes of the final capsizing:   

1. The loss of propulsion power “caused” by starboard engine overheating and shut-down
The maritime inquiry after the loss of Bourbon Dolphin noted that during the very critical phase of the capsizing, the engines on the starboard side stopped, there was a black-out, and the probable reason was overheating. The special Accident Investigation Commission delegated the question of the investigation, if the machinery design or operational function could have had any impact on crucial events leading to the capsizing, to a group of technical consultants. The report from these investigators concluded that the “machinery deviations observed before the ship capsized was only of secondary character”, and was not among “the causal factors” leading to the capsizing.

I feel that this conclusion was misleading and probably resulted in the commissions failing to give sufficient attention to the machinery failure, and the possible impact of the loss of propulsion might have had during the crucial manoeuvring, leading to the final capsizing.

It is totally unacceptable that loss of power is caused by overheating of the machinery operating in a sea water temperature of 3-4 degrees centigrade. It is against common sense to conclude that loss of power in such a critical situation did not have any influence on the accident. Furthermore, the lack of or the reduction in propulsion force is likely to have an impact on the stability condition when the vessel is operating on the edge of the vessel’s working envelope.
Accordingly, it is strongly recommended that the following additional investigations will be carried out;

* The design and dimensioning of the machinery installation (including electrical power balance calculations), should be carried out and a detailed study performed to determine if the vessel machinery system was operating or able to be operated in an overload condition for a prolonged period prior to the capsize without those on the bridge being fully aware of how close they were to sudden loss of all power.  

 * The failure of the emergency quick release function of the AH winch to operate as the personnel thought it would, that the load would be released in a very short time is of considerable concern. 
The real problem is that there is a great variation of the winch emergency release functions within the various AH vessels, and also a great confusion among the officers on the vessels, about how these functions operate in the various winch modes and the use of these systems when the vessel is in extremis. This situation cannot be accepted for such a vital emergency device, and we strongly recommend that the important matter of emergency stop/quick release of the AH winch will be carefully investigated both as a general design and as an operational problem, and the information contained in both the winch operating manuals and the vessel operating instructions as well as at training courses be immediately improved.

Figure 1. The free trim effect on the stability of anchor handling tugs
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Figure 2. The “Girting Effect”.

One danger common to all tugs is that of being swung beam onto the towline, usually by excessively high tow tensions, which is a phenomenon known as 'girting' (sometimes spelt as 'girding'). In any girting incident, the tow takes control of the tug rather than the other way around with the result that the tug can be towed sideways, during which there is a danger of it capsizing. However, there are some very important differences between a conventional harbour tug being girted and girting an anchor handing tug, which are illustrated in the diagrams below.    


An anchor handler is at a greater risk of capsizing if it is girted than a conventional harbour tug and this risk is further increased by a long low aft deck without any stern sheer and a relatively short high fo'c'sle. The reserve buoyancy is not equally distributed between the forward and aft ends of the hull, which produces a stern trimming moment as it heels beyond the point of deck edge immersion. This phenomenon is known as the 'free trim effect'. (See figure 2) 

Signed.

Ian Clark and,Michael Hancox 
Figure 3. Suggested model test to illustrate the capsize moment.
The following simple model experiment could be used to test the methodology for accounting for free trim in the GZ curve, examine the moment of capsize and illustrate how fast it occurs when the tug heels and trims beyond the point of no return.


Adding weights to the hanger in smaller increments for heel angles beyond the point of aft deck edge immersion should identify the heeling moment point at which stability is irretrievably lost for the model in different loaded conditions. Film of the experiment, particularly at the point of capsize, could also be highly instructive to the offshore industry.
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Comparing how the towing force acts on a harbour tug to on an anchor handler 





           A conventional harbour tug                                         An anchor handling tug





The tow acts upwards on the amidships region of the tug.





 The tow acts downwards on the stern of the tug 





Radial track





The lateral component of the tow tension 'T' forms a capsizing couple with the resistance 'R' of the hull and thrusters to sideways movement of both the anchor handler and harbour tug.





The vertical component of the tow tension creates a stern trimming moment on the anchor handling tug whereas it has no significant trimming effect on the conventional harbour tug.  





An upward component of tension 'T' is equivalent to discharging a weight from the point at which the tension acts, so it creates a righting moment if it acts on a point on the low side of the tug. The towline of conventional tugs pass through a lead on either a radial arm or track, which allows the tension to act on the low side and so limits the heeling tow's moment. 





The downward component of the tow tension acts on the anchor handler in the opposite way and so increases the heeling moment when the tow leads to one side of right astern. 





Heeling an anchor handling tug to the point of deck edge immersion





1   The tug is upright and at even keel in still water





 G   =  Centre of Gravity,  B   =  Centre of Buoyancy,   KK  =  Keel Line
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The parallel region of the waterplane extends to stern at the loaded draft
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The hull trims stern down as the deck edge is immersed and the trimming axis moves forward of amidships.





The waterplane area reduces at heel angles beyond deck edge immersion. 





Bow flare increases waterplane area forward more than aft so the hull trims slightly by the stern to submerge the deck edge aft. 





Waterplane area increases up to deck edge immersion.





The trimming axis is slightly aft of midships when the hull is upright.
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3   Waterplane area of the freely trimmed hull heeled with the deck edge aft immersed 





2   Waterplane area of the hull heeled to the point of immersing the deck edge aft





1   Waterplane area of the hull when upright at even keel





XX1  =  Heeling axis





YY1  =  Trimming axis
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The tug is heeled to immerse the aft deck edge which moves 'B' forward of 'G'
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3   The tug trims further by the stern to move 'B' aft and in vertical alignment with 'G'
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Weights are now added in smaller increments up to the point of capsize 
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The model is connected to a weight hanger by a wire fixed to the position of the outboard edge of the stern roller.





A proposed experiment to test a GZ curve's prediction of the capsize moment





Pulley block





Tow wire





A GZ curve that accounts for the free trim effect is calculated for the tug's condition so that the heeling moments for immersion of the aft deck edge and loss of stability can be predicted.  





Weight hanger





Weights are progressively added to the hanger up to the point of immersing the aft deck edge.
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