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2016 Review of 121 DPVOA – DP Position Loss Risks in Shallow Water 

This report was reviewed in June 2016 and the information covering DP operations in shallow water was found 

to be still relevant for current DP operations. 

The report refers to surface DP position reference systems like Syledis that has subsequently been withdrawn 

and Global Positioning System (GPS) that has been considerably enhanced with the addition of other satellite 

based systems.  In addition, other surface based position reference systems based on laser and frequency-

modulated continuous wave (FM-CW) radar technology have been developed. 

One of the conclusions from the original report is that the risk of position loss in shallow water is no greater 

than in deep water provided the water depth limitations of the position reference equipment and the different 

environmental constraints on the vessel are taken into account, and provided the relevant redundancy 

requirements for position reference devices and thruster power are strictly observed.  The improved availability 

of global navigation satellite systems (GNSS) and the addition of other surface based position reference systems, 

since the report was first published, can provide greater assurance for vessels operating in shallow water. 

It is recommended that members consider the report conclusions and recommendations prior to commencing 

DP operations in shallow water. 
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Executive Summary 

The main causes of position loss have been reviewed for dynamically positioned (DP) vessels operating in shallow 

water.  Suppliers of DP equipment and DP vessel operators were also invited to offer advice on factors limiting 

shallow water DP operations. 

The risk of position loss in shallow water would seem to be very little greater than in deep water provided the 

water depth limitations of the position reference equipment are properly taken into account, provided the 

different environmental constraints on the vessel are taken into account and provided the relevant redundancy 

requirements for position reference devices and thruster power are strictly observed. 

Historical records of position loss incidents in shallow water suggest, however, that the relevant guidelines have 

not always been followed.  Failures to observe operational guidelines in shallow water are more likely to lead to 

loss of vessel position control than in deep water, because of the reduced DP capability of the vessel and the 

increased risk of one or more position reference devices going out of range. 

Vessels used for position-critical underwater activities require three independent position reference systems, 

whenever practically possible.  Problems with conventional sub-surface devices may make it difficult, or expensive, 

to find enough reliable and independent systems for use in shallow water and operators may persist with available 

and familiar systems even when they become degraded and unreliable. 

The vessel and DP system are normally designed for use in a particular operating environment, which usually 

means deep water.  A proper evaluation of changes in its performance in shallow water conditions is likely to be 

complex and expensive and operators may be reluctant to do this. 

The risks are complex and not necessarily specific to shallow water, nor amenable to risk calculations or 

improved equipment.  Improved equipment or better information might nonetheless make human sources of 

error less important. 

Considering now the individual technical issues, the study identified failures of sub-surface taut wire and 

conventional hydroacoustic position reference (HPR) systems as a particular area of concern.  These systems 

quickly go out of range in shallow water.  HPR systems are also susceptible to noise, air bubbles or reflections, 

which can be exacerbated in shallow water conditions.  Tracking HPR systems are claimed to have a greater 

operational range in shallow water but are complex and may be out-performed by conventional systems.  Taut 

wire systems may be susceptible to fouling by large masses of kelp or other submerged objects. 

Wherever lives or assets are at risk, and wherever practical, these systems should always be backed up by a 

surface position reference system, such as Artemis, Syledis or DGPS.  These systems operate equally effectively 

in all water depths, although they are not totally reliable, and may not have sufficient accuracy for some 

applications. 

It is strongly recommended that vertical taut wire and conventional HPR devices should be avoided in very 

shallow water conditions (for example 10 m water depth) and sea states where previous experience or simple 

calculations suggest that these devices are likely to fail repeatedly or go out of range. 

It should be noted that in shallow water a large vessel excursion may cause a common mode failure of more than 

one position reference system, as they go out of range simultaneously, and that this may cause sudden loss of 

position control. 

The vessel’s environmental operating limits in shallow water must take account of the reduced operability of any 

sub-surface devices in use.  Vessel location moves (without moving the position reference unit on the sea floor) 

must also be limited, in order to keep sub-surface reference systems within range at each stage. 

Large and rapid changes in current speed or direction are also identified as possible causes of sudden position 

loss. 

Most of the other technical factors considered in this review (taut wire bowed by current or kelp growth, 

degradation of thruster performance, mud or debris stirred up by thrusters, increased vessel added mass, 

increased wave-frequency motions, strong tidal current or changes in current force coefficients, degraded diving 

conditions and thruster shut down for diving) are likely to lead to degraded performance and reduced operating 

limits, but should not lead to an abrupt position loss – provided these changes have been taken into account by 

the vessel operator for the particular location and operations in hand. 
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Sample estimates were made of the risks of conventional sub-surface taut wire and HPR systems going out of 

range.  The risks were shown to be very sensitive to variations in water depth and in the vessel’s significant 

response.  Occasional rejection of one of the position reference units does not cause operational problems, and 

does not imply position loss.  The calculations suggest, however, that it may be prudent to consider lowering the 

proposed DPVOA limit on root mean square vessel excursions.  The sample calculations should be repeated for 

specific systems and applications.  The main area of uncertainty in these calculations is likely to be in estimating 

the vessel’s significant response, especially the low-frequency position-keeping errors. 

It is recommended that information about HPR system errors, caused by noise and reflections, should be 

reviewed. 
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1 Introduction 

BMT Offshore Ltd (BMT) has been commissioned by the DP Vessel Owners Association (DPVOA) to investigate 

the risks of position loss for DP vessels operating in shallow water.  Many offshore operators perceive that the 

use of DP in shallow water poses additional risks and may therefore require that such vessels be moored.  

Mooring these vessels in shallow water is in itself expensive and inconvenient, and it would be helpful to identify 

more precisely where the main risks lie and what can be done to quantify or mitigate these risks. 

BMT’s proposals were described in document number Q/96108, dated 17 June 1994, and DPVOA accepted these 

proposals in a telefax ref. F/5137/1611.14, dated 1 July 1994. 

1.1 Objectives 

 To review the use of DP in shallow water, with particular reference to those factors which may 

give rise to an increased risk of position loss. 

 Where such increased risks are identified, to estimate these increased risks as far as is possible with 

available information. 

 To highlight any important unknowns in relation to DP shallow water performance and suggest 

ways in which these issues could be addressed in order to arrive at a more accurate estimate of 

the risks. 
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2 Methodology 

Within the budgetary and time constraints of this project, it was not possible to perform a comprehensive 

detailed quantitative risk analysis of DP operations in shallow water – indeed such a study can only be performed 

meaningfully on a specific vessel with specific position reference systems, carrying out a specific task at a specific 

location.  The aim has therefore been to identify key risk issues, to make mainly qualitative estimates of the 

additional risk and to rank these risks in approximate order of importance.  Attention will be drawn to any key 

unknowns which limit ability to make reliable estimates of the additional risk and what might be done to deal 

with these unknowns. 

Budgetary and time constraints also limit the amount of information that could be obtained from outside 

organisations.  It was generally only possible to obtain and review information that was already in the possession 

of BMT, or in the public domain, or else could be obtained fairly quickly by means of a limited number of telephone 

conversations or telefax exchanges.  A comprehensive survey of all DPVOA members was not practical. 

For the purpose of making comparisons between deep and shallow water, BMT was instructed to regard ‘deep 

water’ as a clearance under the thrusters of 100 m, and ‘shallow water’ as a clearance of 2 m under the thrusters. 

The following tasks were undertaken: 

a) A brief literature review was undertaken to seek any published information on DP position-keeping problems 

in shallow water; 

b) Information on past DP incidents in shallow water was also sought; 

c) BMT already had views on the technical factors likely to cause position loss in shallow water and their relative 

importance.  It was considered essential, however, to canvass industry views.  A number of key suppliers of 

DP equipment and DP vessel operators were therefore contacted, to seek advice on the operating limits 

and controlling factors for equipment in shallow water; 

d) A review was then undertaken of possible modes of failure in shallow water.  Failure modes were classified 

according to whether they were likely to cause a sudden loss of position, or simply a degradation in 

performance and/or lowering of operating limits.  A sudden loss of position could potentially cause damage 

or endanger lives, whereas a degradation of performance would reduce the operability and economic 

performance.  These two issues have to be considered separately; 

e) Simple order-of-magnitude estimates were then made of the probability that the position reference system 

will go out of range; 

f) Conclusions were then drawn about the factors likely to be of greatest significance for position loss in 

shallow water and major areas of uncertainty in estimating the risks. 

The report contains the following main sections: 

 Section 3 reviews the limited literature found on shallow water DP problems; 

 Section 4 reviews the regulatory requirements and guidelines; 

 Section 5 reviews past recorded DP incidents in shallow water; 

 Section 6 presents the views of a small cross-section of DP equipment suppliers and operators; 

 This is followed by a general discussion in Section 7 on the issues likely to be associated with position loss 

in shallow water; 

 Section 8 is a more limited discussion of the technical issues that affect DP in shallow water, distinguishing 

between those that may lead to position loss and those causing degraded performance; 

 Section 9 contains a sample risk calculation of the risk that a taut wire or HPR reference system will go out 

of range; 

 Finally, Section 10 summarises the conclusions and recommendations. 
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3 Literature Review 

A literature search for publications related to DP in shallow water revealed few documents of relevance to the 

present project. 

A short article in Seaways1 is the most relevant and summarises the main problem areas.  A substantial part of 

the article is devoted to the problems of taut wire and HPR systems in shallow water.  Most of the points made 

are repeated elsewhere in this review and will not be reported here.  The article recommends that any DP 

operations (such as diving) that require full redundancy should use at least one surface position reference system. 

The article also reviews some of the problems associated with strong tidal currents.  It points out that in the 

southern North Sea tidal conditions are such that diving can only take place for a limited period around slack 

water and this may seriously delay the work programme. 

The article also cites a number of other problems associated with diving in shallow water, such as the reduction 

in visibility when mud is stirred up by the thrusters and the limited length of umbilical available to ensure that the 

diver and his umbilical are not sucked into a thruster. 
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4 Guidelines and Regulatory Requirements 

A brief review was undertaken of the requirements of the UK Health & Safety Executive (HSE), Norwegian 

Maritime Directorate (NMD), Norwegian Petroleum Directorate (NPD), International Maritime Organization 

(IMO), Det Norske Veritas (DnV), Lloyd’s Register, Bureau Veritas and the American Bureau of Shipping (ABS), 

together with guidelines issued by the DPVOA itself.  All have requirements related to DP design or operations.  

Very few authorities have requirements specifically related to shallow water, although general requirements for 

site-specific criteria would embrace shallow water.  Lloyd’s2, for example, includes the single sentence: ‘As water 

depth will have a large influence on a unit’s mooring capability, the limiting environmental criteria may be varied 

according to water depth’. 

DnV3 has a specific requirement that: ‘The accuracy of the position reference data is generally to be within a 

radius of 2% of water depth for bottom-based systems, and within a radius of 3 m for surface-based systems’.  

This requirement clearly limits the use of bottom-based systems in shallow water. 

More extensive advice comes from joint guidelines issued by the Department of Energy (DEn) and NPD in 19834, 

and originally intended for diving support vessel operations only.  These guidelines note the specific problems of 

acoustic and taut wire systems in shallow water, in particular, limits on the horizontal excursions of the vessel.  

A surface reference sensor is regarded as being of particular importance in shallow water.  The effects of strong 

tidal streams and currents associated with shallow water should also be taken into account in terms of DP 

capabilities. 

The UK HSE’s Guidance Notes5 originally recommended the principles set out in Guidelines for the specification 

and operation of dynamically positioned vessels4.  The most recent revision of the Guidance Notes5 states that the 

recommendations in Guidelines for the specification and operation of dynamically positioned vessels4 have become 

outdated in some respects and refers to the recently agreed IMO guidelines6, together with current NMD, 

DPVOA, DnV and Lloyd’s publications. 

The IMO guidelines are concerned primarily with minimum standards of equipment and make no specific 

recommendations about shallow water operations.  Two paragraphs are, however, of special interest in the 

present context.  First, paragraph 1.1.2 states that: ‘The responsibility for ensuring that the provisions of the 

Guidelines are complied with rests with the owner of the DP vessel’.  Second, paragraph 3.4.3 states that: ‘For 

equipment classes 2 and 3, at least three position reference systems should be installed and simultaneously 

available to the DP control system during operation’, and that: ‘The performance of the position reference 

systems should be monitored and warnings provided when the signals from the position reference systems are 

either incorrect or substantially degraded’. 

The DPVOA guidelines7 give the most extensive guidance on shallow water operations.  Section 2.2.6 

recommends that for diving work at least three reference systems should be online and at least two should be 

of different types.  In shallow water at least one radio position reference should be used, whenever physically 

possible, because of difficulties with sub-surface systems. 

Section 2.4.8 advises great care when planning and executing diving operations in shallow water.  The effects of 

thrust unit wash or suction should be carefully considered and precautions taken to guard against them.  Divers 

and their umbilicals should be restrained from going to positions where they or their equipment could come into 

contact with thrust units or be adversely affected by their wash.  These latter requirements affect diving 

operations, but are not in themselves aimed at avoiding position loss. 

Section 2.4.8 also states that inhibiting or deflecting certain thrusters may be necessary in order to protect divers, 

and the resulting reduction in the vessel’s operational capability should be taken into account.  This is again an 

operational matter, limiting the conditions in which the vessel can work – but, if properly carried out, it should 

not influence the risk of position loss. 

The DPVOA guidelines were revised following agreement on the IMO document.  Section 2.6 of the latest draft 

revision deals specifically with the problems of shallow water and recommends, in addition to the above, that 

when working in water depths less than 60 m, the scope (i.e. radius of operation) of each of the three position 

reference systems should be equal to or greater than 30% of the water depth, and never less than 5  m.  It also 

recommends that the standard deviation of the vessel’s natural excursions should not exceed one third of the 

scope of any position reference. 

Section 2.6.2 of the draft revision notes that the vessel’s capability plots will not give limiting environmental 

conditions for shallow water, and that operators must expect higher thruster and generator loads than in deep 

water.  The guidelines do not make clear, however, the circumstances in which the operator should calculate the 

vessel’s reduced capability in shallow water. 



8  IMCA M 121 

Section 2.6.3 notes that surface reference systems have limitations of their own.  Thus, for example, the accuracy 

of the Artemis system may be inadequate for certain applications. 
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5 Review of Past Incidents 

It was not possible to carry out an independent review of past incidents during this project, and it was therefore 

necessary to rely on an existing review of DP incidents, covering the years 1980 to 19888 with updates for the 

years 1989 to 1992.  The initial review8, for the DEn, covered a total of 131 incidents, covering a wide range of 

DP activities, although the majority of incidents (86) relate to diving support vessels while diving was in progress.  

The updates covered an additional 38 incidents in 1989 and 1990, 22 in 1991 and 26 causing loss of position in 

1992. 

Six of these incident reports specifically mention shallow water operations, although the prime cause in every 

case was stated to be ‘operator error’, with ‘poor procedures’ or ‘poor design’ as secondary causes.  It is possible 

that other incidents may also have occurred in shallow water, but that this fact has gone unreported. 

Dynamic positioning systems’ incidents 1980-19888 stated that three of the four shallow water incidents in that 

report could have been avoided if the principles recommended in Section 4.5.15 of the joint DEn/NPD guidelines4, 

relating to shallow water operations, had been complied with.  Failures of the sub-surface taut wire and HPR 

systems, sometimes with failure or non-availability of the surface Artemis system, were key factors in every case. 

Incident 1 is described on page 1.27 of Dynamic positioning systems’ incidents 1980-19888.  A surface taut wire, 

vertical taut wire and HPR were in use.  The vessel was attempting to move in 5  m steps, while divers worked 

on a pipeline.  The limit of the surface taut wire was exceeded as soon as the vessel started to move.  The vertical 

taut wire was rejected in favour of HPR, which was dragging, either because the tether line was slack or because 

of interference from the thrusters.  The vessel was moved 70 m and the divers were recovered. 

Incident 2 is described on page 1.45 of Dynamic positioning systems’ incidents 1980-19888.  Only ground position 

references (taut wire and HPR) were being used.  Both systems appear to have gone out of range and the dive 

was abandoned. 

Incident 3 is described on page 1.74 of Dynamic positioning systems’ incidents 1980-19888.  The circumstances here 

were more complex.  Both taut wire and Artemis position reference systems were being used.  One thruster 

had been stopped because divers were working in the vicinity.  The taut wire signal was rejected by the DP 

system and Artemis was also briefly rejected at one stage.  A remotely operated vehicle (ROV) was being 

recovered but fouled one of the remaining thrusters, putting it out of action and leaving only two available 

thrusters.  One of the two stopped thrusters was subsequently restarted and the divers recovered. 

Incident 4 is described on page 3.9 of Dynamic positioning systems’ incidents 1980-19888.  Shallow water was 

probably of secondary importance in this incident, which was primarily caused by operator errors combined with 

poor procedures.  The Artemis system was out of action because the subsea work had been completed.  

The water was too shallow to use taut wire for DP and so the vessel was attempting to lower an HPR using the 

taut wire.  The wire itself was dragging.  The vessel reverted to joystick and then to manual lever control.  

The vessel eventually collided with the platform. 

Incident 5 is described in Figure 12 of the 1989-90 update.  The vessel was on DP in shallow water, with divers 

in the water and with two taut wires and HPR online.  The vessel was moving towards its worksite and the taut 

wires were being ‘walked’ and re-plumbed en route.  During this incident one taut wire went out of range and 

then the second.  The HPR remained operational.  The vessel’s position was stabilised and the divers were 

recovered.  The incident report notes that moves without a radio position reference in shallow water require 

good co-ordination and timing.  It notes that during such an operation, the divers should be in the bell, not at the 

worksite ordering vessel moves. 

Incident 6 is described in Figure 13/92 of the 1992 update.  The vessel was recovering a subsea plough, in shallow 

water, with the taut wire and Artemis online.  The vessel surged forwards and then reversed.  This may have put 

sufficient tension on the plough to destabilise the DP control system and the position reference system went out 

of limits.  Control was restored by joystick. 

The DPVOA reports that DP incidents in shallow water, of the above type, have recently decreased significantly, 

probably because three position references, one of radio type, are now being used. 
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6 Views of the Industry 

Views were sought from a small number of representative suppliers of DP equipment and operators of DP 

vessels.  They were invited to offer views on the main risks during shallow water DP operations and on the main 

factors limiting use of their equipment in shallow water.  Although only a few companies were contacted, similar 

views were expressed in all cases and so these views are likely to be fairly typical of the industry as a whole. 

Most operators and suppliers regard a water depth of 20-30 m as ‘shallow water’.  A clearance of 2 m under the 

thrusters generally seemed to be regarded as a fairly extreme condition. 

Companies have no clear overall limits on water depth for DP operations and consider each task individually on 

its merits.  Water depth limitations are now often specified by the client oil company, or by the appropriate 

regulatory body.  One individual suggested that shallow water DP might be acceptable in one area but not 

acceptable at the same water depth in another area where the regulatory body is stricter. 

6.1 Shallow Water Limits for Various Vessels 

Semi-submersibles are larger than typical DP monohull vessels and often have exposed thrusters 

suspended below the keel, rather than installed in tunnels.  This means that semi-submersibles are likely 

to become depth-limited before monohulls.  The following seem to be the minimum water depths that 

would normally be regarded as practical for DP operations: 

Semi-submersible: depth limit of 20-30 m; 

Monohull:  depth limit of 12-15 m. 

6.2 Position Reference Systems 

It was generally agreed that position reference systems are the main limiting factor in shallow water DP 

operations.  Many of the specific points made about these systems repeat information contained 

elsewhere in this report and will therefore not be repeated here. 

Vertical taut wire systems are widely used, but seem to be limited to water depths greater than about 

20-25 m.  Similar limits apply to both semi-submersibles and monohulls.  The total length of wire is the 

limiting factor and the taut wire mechanism can be mounted much higher on semi-submersibles than on 

monohulls, giving additional wire length for a given water depth.  Monohulls are likely to suffer from 

interference between the hull and wire if the wire is hung over the vessel’s side.  Semi-submersibles are 

not limited in this way. 

The limit for taut wire depends on the angle the wire makes with the vertical.  The angle of the taut 

wire is measured either by inclinometers or by potentiometers with motion compensation.  These 

systems typically have end-stop limits variously quoted at ±35-±40º.  The permissible operating range is 

restricted by control software to about ±20º.  The amount of the horizontal movement allowed thus 

decreases in proportion to wire length. 

HPR systems are also widely used, and their main failings in shallow water were noted.  Conventional 

fixed HPR systems usually have a 60º angular cone (i.e. ±30º) of operation and, as for the taut wire 

system, the maximum horizontal movement is reduced as the water depth decreases.  Such systems 

were reported to suffer from problems when the water depth is less than about 45 m. 

One supplier drew attention to a tracking HPR system which avoids some of the water depth limitations 

of conventional systems.  This system, with beam switching from the vertical to horizontal mode, is not 

limited by a narrow angular operation cone and requires only a few meters under the keel. 

One DP supplier has used Doppler log and similar devices on cable laying ships, but does not recommend 

their use for position-critical activities such as diving.  Such systems are likely to be more accurate than 

manual control and could be useful as a back-up in circumstances where conventional taut wire and 

HPR systems are impractical.  This system may offer some promise for the future but does not seem to 

be a viable option for conventional DP at present and will therefore be disregarded in the remainder of 

this report. 
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7 General Discussion 

At the beginning of this project it was assumed that the problem of estimating the risk of position loss would be 

of a technical nature and would be a matter of obtaining more or better technical information.  The present 

review, and in particular the DPVOA incident reports, present a rather different and very much more complex 

picture. 

These reports suggest that the main historic risk of DP position loss has come from human error: apparently the 

result of operators using inappropriate equipment or procedures, and either disregarding or misinterpreting 

existing guidelines of the regulatory authorities.  Human error is not of a technical nature and the risk is therefore 

not directly amenable to calculation, although more appropriate equipment or better information might make 

human error less likely. 

It is easy to lay general blame for such incidents on human error, but much less easy to take the next essential 

and contentious step: to try to identify precisely why such errors have occurred in specific instances.  Several 

different factors are likely to be involved, such as: 

a) inadequate technical information and guidelines in the past; 

b) lack of clear responsibility for enforcing existing guidelines; 

c) the difficulty and expense of enforcing the guidelines, of carrying out the necessary calculations and installing 

the necessary equipment; 

d) the difficulty of changing accepted practices, even when circumstances change. 

Factors (a) and (b) can be dealt with by updating guidelines and by employing a competent authority to carry out 

the necessary analysis.  The most recent IMO and DPVOA guidelines are a major advance in this direction.  

Factors (c) and (d) are a matter of enforcing those guidelines.  This is a more difficult area, where there may be 

a conflict between commercial and safety interests.  It is noted that the IMO guidelines place the responsibility 

for enforcement firmly on the vessel’s owner. 

These human aspects are not specific to shallow water, but are made more obvious by technical limitations of 

the equipment in shallow water.  A number of incidents have occurred as a result of insufficient redundancy or 

degraded performance of the position reference systems.  Position losses have sometimes occurred while one 

of the position reference systems, or the vessel itself, was being moved. 

Diving operations were in progress at the time of some of these incidents.  The DPVOA guidelines make it clear 

that divers should be in a safe location before any change of vessel position or heading, and that it is against the 

guidelines for divers to be in the water while position reference systems are being moved.  It seems, however, 

that in the past the industry has assumed a fairly liberal interpretation of how ‘available’ such systems should be 

and when it is safe for divers to be in the water. 

One might also question the industry’s allegiance to conventional taut wire and HPR systems in shallow water.  

These systems are readily and cheaply available, but tend to become unreliable and go out of range in shallow 

water.  The obvious alternatives are limited, may not be available on all vessels and are likely to be relatively 

expensive.  They include surface systems, such as Artemis, Syledis and DGPS, tracking HPR systems and, in some 

cases, horizontal taut wire systems.  It has to be recognised that these systems are not practical in all 

circumstances, may not offer sufficient accuracy and have failure modes of their own.  This means that the 

requirement for three independent and available systems may be difficult or impossible to meet and that, in some 

circumstances, the task can only proceed if systems with degraded performance are accepted. 

The new DPVOA guidelines note that the thrusters and power generation system may have to work harder and 

the vessel’s capability may itself be degraded in shallow water.  Clearly the vessel’s owner should take all necessary 

steps to anticipate these changes, and this means that he should carry out calculations of the environmental 

loading limits and DP capability in proposed shallow water conditions.  Such calculations, and the necessary 

verification, are time-consuming and expensive, however, and there will be commercial pressures to use existing 

deep water capability plots with perhaps an arbitrary allowance for shallow water effects.  The vessel’s 

performance may, however, be degraded substantially in shallow water, and these changes can only be predicted 

by carrying out proper calculations.  Such calculations will not always improve safety, but will improve confidence 

in downtime estimates, and thus lessen some of the commercial risks. 

There are many possible ways in which human errors can cause position loss and the risks are almost 

unquantifiable.  From this point onwards, therefore, the human risk element will be ignored.  It will be assumed 

that the vessel’s reduced operating capability in shallow water has been taken into account correctly by a 

competent authority.  Attention will therefore focus now on the technical problems of DP in shallow water. 
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8 Discussion of Technical Problems of DP in Shallow Water 

The aim of this section of the report is to examine the purely technical issues and indicate whether they are likely 

to be significant as regards position loss, or will simply result in degraded performance. 

8.1 Position Keeping Problems 

DP is used for a wide variety of purposes: on vessels engaged in diving support, drilling or workover 

operations, cable or pipelaying, shuttle and storage tankers, dredging, ROV tracking, construction and 

heavy lift, and many other activities.  Discussion will be limited to problems which affect a broad range 

of different DP activities in shallow water. 

An attempt will be made throughout this section to distinguish between two types of problems: 

a) Problems which have the potential for causing a sudden position loss in shallow water.  An incident 

of this type would endanger the lives of divers or others working on or near the vessel, or might 

cause serious damage to equipment or structures; 

b) Of lesser concern is the broader class of problems which might lead to gradual degradation of 

performance or a lowering of environmental limits.  These problems are primarily of economic 

significance, leading to greater downtime, but do not directly threaten lives or property – provided 

these factors are properly taken into account before and during the operation. 

It is not always easy to distinguish clearly between these two types of problem.  Many problems, if 

correctly anticipated by the designer and operator, should simply lead to a reduced operating capability.  

However, if they are ignored or interpreted incorrectly as a result of operator or design error they may 

lead to sudden position loss.  It is noted that every shallow water incident listed in Dynamic positioning 

systems’ incidents1980-19888 cites ‘operator error’ as the prime cause of the incident, with ‘poor 

procedure’ or ‘poor design’ as a secondary factor.  This section of the report will nonetheless look at 

only the direct technical consequences of each failure, and will assume that the operational limits have 

been correctly estimated and are correctly observed in practice.  It will therefore ignore the 

consequences of human error. 

The project is concerned specifically with problems that occur as a result of operating in shallow water 

conditions, with only a few metres of water under the keel.  It is not concerned with the broader class 

of DP problems that occur equally in both shallow and deep water conditions and so this broader class 

of problems will not be considered. 

8.2 Position Reference Systems and DP Control 

The limitations of sub-surface position reference systems in shallow water were mentioned repeatedly 

in discussions with the industry and were also a key factor in every reported position-loss incident in 

shallow water. 

Several alternative systems are available, and these may be classified into two broad groups: 

i) Sub-surface systems, which measure the motions of the vessel relative to points on the seabed.  

These systems include the widely-used taut wire and hydroacoustic systems, together with riser 

angle systems; 

ii) Surface systems, which measure the vessel motions relative to known points on land, satellite or 

on a nearby fixed platform.  These systems include radio-location and microwave systems such as 

Artemis and Syledis, satellite-based systems such as DGPS, or short-range video-based systems. 

The regulatory authorities require a degree of redundancy in position reference systems, depending on 

the purpose of the vessel and the risks associated with position loss.  For diving support activities, the 

vessel should have at least two independent position reference systems, with a third system as a backup.  

All three systems must be available and operational.  These systems must be independent, to the extent 

that a single mode of failure must not cause two of these systems to fail simultaneously. 

The need for two or three independent systems limits the range of systems that may be used in 

combination, especially in conditions where taut wire and conventional HPR systems are likely to go out 

of range. 
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Sub-surface systems generally become less reliable in shallow water, and have depth-imposed limits on 

their operation.  These limits and operating difficulties will be discussed in more detail below. 

Surface systems are not affected by water depth and should work as effectively in shallow water as in 

deep water.  The main limitations here are the accuracy of the system and having a suitable land-based, 

satellite-based or platform-based reference location.  In general a shallow water location will be quite 

close to land or a local fixed platform, making such a system practical. 

The position reference and control systems have to be able to accommodate the motions of the vessel 

during normal operations.  These motions will be a combination of low-frequency motions, due to 

inaccuracy in position-keeping, and wave frequency motions.  The DP system has to accommodate wave-

frequency motions, without attempting to limit them.  A compromise has to be reached between 

lowering the environmental operating limits for safety reasons and raising them to improve the vessel’s 

operability.  An effective position reference system must be able to accommodate reasonable vessel 

motions in moderate sea states. 

This system must also be able to accommodate reasonable vessel location moves (without  

re-positioning the reference unit on the sea floor).  This requirement may prove to be more limiting 

than environmental factors and may restrict each individual move to only a few metres. 

Failure of any of the primary position reference systems can potentially lead to position loss, especially 

if the control system interprets the failure incorrectly or if the alternative systems go out of range at 

the same time (a potential common mode failure).  Failures of sub-surface position reference systems, 

especially when the device goes out of range, are regarded as a high risk factor and merit particular 

attention. 

8.2.1 Taut Wire Devices 

Vertical taut wire devices were used in the earliest DP systems, going back to the early 1960s.  

They have retained their popularity because of their general simplicity, reliability and relatively 

low cost.  They are sensitive to the vessel’s pitch and roll motions, however, and are not 

especially accurate. 

The main physical limitations in shallow water are that the devices must: 

a) remain within a certain angle from the vertical, which is typically about ±20º; 

b) not contact the vessel hull, when suspended over the side; 

c) not allow the bottom weight to shift. 

The first two requirements are concerned with the angle between the line and the vertical and, 

therefore, impose limitations on horizontal excursions in relation to line length.  They therefore 

depend on the vertical location of the upper attachment point, rather than the water depth 

below the thrusters.  There are clearly advantages in locating the attachment point as high as 

possible in order to obtain the maximum possible line length for a given water depth.  If the 

vessel is a monohull, however, the line will have to be suspended over the vessel’s side or 

through the moon pool, and then the location of the upper end becomes a compromise 

between requirements (a) and (b).  The roll and pitch motions of a monohull are also likely to 

be larger than those of a semi-submersible, implying greater reliance on motion corrections. 

Hull interference is less of a problem with a semi-submersible, which allows greater freedom 

for locating the wire between the pontoons and bracing members, and where quite large 

horizontal excursions are acceptable.  The main limitation here would be imposed by the large 

draught of the vessel itself. 

A strong current or gradual accumulation of kelp on the wire is more likely to occur in shallow 

water and may cause the wire to bow.  These factors may lead to position-keeping inaccuracy, 

but are not likely to lead to a sudden position loss.  They are not therefore regarded as a 

matter of concern for this particular study. 

Sudden fouling of the taut wire by a large bundle of floating kelp or other submerged object, 

possibly causing the taut wire weight to drag, is a possible cause of sudden position loss, 

however, and should be considered.  It would seem possible that the DP system might have 

difficulty distinguishing dragging of the weight from genuine motions of the vessel and might 
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attempt to ‘correct’ these motions.  This possibility exists in both deep water and shallow 

water, although there may be a greater risk of encountering such objects in shallow water. 

It is usual to install the taut wires vertically.  When working near a fixed platform, in particular 

when the aim is to restrict the motions of a gangway linking the floating and fixed platforms, 

horizontal taut wires are sometimes used.  This concept can be extended to shallow water, 

even without the benefit of a fixed platform, by installing a number of wires at a shallow angle 

to the horizontal and measuring the line length rather than the line angle.  Clearly a spread of 

horizontal lines may present a hazard to diving operations, but the system could be more 

reliable than a conventional vertical line system and should sometimes be a viable alternative. 

8.2.2 Hydroacoustic Systems 

HPR systems are slightly more recent than taut wire, dating back to the late 1960s, and are 

also widely used.  They are generally more accurate than taut wire and very flexible in use, with 

several possible modes of operation.  They have a number of known drawbacks, however, such 

as susceptibility to noise, air bubbles and reflections from nearby surfaces. 

Conventional HPR systems are limited by their maximum cone of operation.  The cone angle 

is generally about ±30º and so the system can accommodate angles slightly larger than those 

limiting the taut wire system.  This larger angle may not permit larger vessel excursions, 

however, because of restrictions on where equipment can be located. 

Conventional acoustic systems require a transducer to be mounted below the vessel and one 

or more transponders to be mounted on the seabed.  These are each 3-4 m high, with the aim 

of placing the transducer and transponder sensor surfaces outside the regions likely to be 

affected by the thruster wake and turbulent flow.  The dimensions of these units limit the 

minimum water depth in which the vessel can operate.  The minimum distance between the 

keel and the seabed is the sum of: 

a) the heights of the transducer and the transponder units; plus 

b) the additional distance between these units required to keep the vessel within the ±30º 

cone angle during normal vessel excursions. 

In principle at least, tracking HPR systems can help to solve this problem.  One such system 

has a transducer unit mounted below the hull that can track around 360º in the horizontal 

plane, as well as scanning in the vertical plane from 10º above the horizontal to 25º behind the 

vertical.  The system’s specifications are claimed to remain valid when the horizontal distance 

between the transducer and transponder is two to three times the water depth.  The wide 

vertical range of this system should largely eliminate the restrictions imposed by the vertical 

cone of operation and should mean that the practical operating limit is imposed by maintaining 

reasonable clearance between the suspended transducer and the seabed.  This minimum 

clearance might be only a few metres, making it practical to operate such systems in very 

shallow water.  Tracking systems are complex, however, both mechanically and electronically, 

and are sometimes out-performed by more conventional units.  It is also understood that they 

sometimes have a ‘blind spot’ below the tracking head. 

Acoustic systems in general are sensitive to noise from engines, air bubbles, reflections from 

the surface or structures on the seabed.  These problems are likely to be exacerbated in shallow 

water.  Strong currents associated with shallow water will cause the engines to work harder, 

generally increasing the level of mechanical noise and turbulence in the water.  These problems 

can potentially cause large and sudden errors in position measurement, and consequent losses 

of position, and must therefore be regarded as risk factors for HPR systems. 

8.3 Thruster Operation 

Thruster performance may become degraded or less predictable in shallow water conditions.  

The nearby presence of the seabed could, at least in principle, deflect the thruster jet and cause it to 

impinge on another part of the vessel, such as the opposite pontoon of a semi-submersible.  

The deflected jet might then ‘stick’ to the hull surface, due to the Coanda effect.  The strong currents 

likely to be present in shallow water could also cause deflection of the thruster jet, with similar 

consequences.  These processes are likely to change the effective thrust in certain directions and will 
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generally degrade position-keeping performance.  The risk of a sudden position loss, due to deflection 

of the thruster jet, would seem to be fairly small, however, and is considered to be of minor significance 

in the present context. 

In shallow water the thrusters are likely to stir up mud and other debris from the sea floor and these 

can degrade the performance of the HPR system.  Mud and debris suspended in the water may then be 

ingested by the thrusters or enter cooling water intakes.  These processes are likely to lead to bearing 

wear, or clogging of filters, and a gradual degradation of thruster performance.  Ingestion of a major 

item of debris, such as a large piece of sheet plastic, into the cooling water system would not cause 

immediate shutdown.  It is therefore unlikely to cause sudden position loss and is considered not directly 

relevant to this study. 

Ingestion of a major piece of debris into a thruster could cause a sudden loss of thrust.  This in itself 

should not cause a sudden loss of position, however, because the DP control system should be able to 

detect the loss of power and compensate with the remaining thrusters – provided the operator has 

correctly complied with necessary thruster redundancy requirements. 

8.4 Vessel Dynamics and Wave-Induced Motions 

The position reference and DP control systems have to be able to accommodate the motions of the 

vessel during normal operations.  These motions will be a combination of low-frequency motions, due 

to inaccuracy in position-keeping, and wave-frequency motions.  The DP system has to accommodate 

wave-frequency motions without attempting to limit them. 

The DP control system is usually optimised for normal operations and in most cases this will mean deep 

water conditions.  The vessel’s hydrodynamic properties change as it moves from deep to shallow water.  

In particular the added masses in surge and sway are likely to increase, the variations becoming 

particularly large when the clearance under the keel is only a few metres.  These increases in added 

mass are likely to make the response of the DP system more sluggish than normal and the vessel’s 

position-keeping excursions are likely to increase.  These increases will generally result in a degradation 

of DP performance, but will not lead directly to a sudden position loss. 

Wave drift forces will also be changed in shallow water conditions, although it is not obvious whether 

these will be increased or decreased.  These changes in wave drift forces will modify the position-keeping 

excursions of a vessel.  Once again, changes of this kind may lead to degradation of performance, but 

not directly to a sudden position loss. 

Wave-frequency motions are likely to become more severe in shallow water than in deep water in two 

respects: 

a) waves are likely to steepen or break as they move from deep to shallow water; 

b) the particle orbits become more elliptical, so that motions in the horizontal plane become 

exaggerated in comparison with vertical motions. 

It has long been recognised that DP systems cannot effectively resist wave-frequency motions, and so 

the system is designed to ignore them.  They nonetheless contribute to the maximum excursion of the 

vessel and thus help to limit the operating range of the position reference system.  Increased horizontal 

motions in shallow water are likely to exacerbate the risk of the position reference system going out of 

range.  These increased motions reduce the environmental operating limits of the vessel, but will not 

directly cause a sudden position loss. 

8.5 Currents 

Tidal and other currents are generally likely to be stronger in shallow water conditions.  The coefficients 

describing current forces also vary with water depth and are likely to be larger than in deep water.  

A strong current or increased current force coefficients will cause the thrusters to work harder.  These 

should, however, be taken into account at the design and planning stage and will lower the vessel’s 

maximum environmental limits, but will not cause a sudden position loss. 

A sudden change of tidal current speed or direction can, however, cause an abrupt position loss and is 

of relevance to this study.  Modern DP systems deduce the current speed and direction from a 

mathematical model of the system.  This algorithm assumes that the current speed and direction change 
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slowly.  The system may not be able to cope with a rapid change in the current speed or direction over 

a period comparable with that of the vessel’s slow drift motions.  Only one incident of this type is 

known, however, when the vessel was in fixed azimuth mode. 

8.6 Diving Operations 

Many of the problems often associated with shallow water are concerned with the diving operation, 

rather than with the DP system itself.  These include, for example, reduced visibility caused by stirred 

up mud, discomfort caused by noise from nearby thrusters and dangers that divers or umbilicals may be 

sucked into thrusters.  These factors limit diving operations and are therefore a source of downtime.  

None of these factors will cause an abrupt loss of position, however, and none is of direct relevance to 

this particular study. 

It is noted that the requirement to minimise risk to divers may involve shutting down a thruster.  Clearly 

this will degrade the position-holding capability of the vessel, but will not cause position loss provided 

the necessary thruster redundancy requirements have been correctly estimated, the reduced 

environmental limits of the vessel have been correctly calculated and these factors are all correctly 

observed in practice.  Thruster shutdown will once again lead to degraded performance but should not 

put the vessel at risk of position loss. 



 

IMCA M 121  17 

9 Sample Calculations of Risks 

There is a particularly high risk of DP position loss in shallow water if the position reference system goes out of 

range.  Simple order-of-magnitude estimates will be used to illustrate how such risks may be estimated, to 

illustrate sensitivity to variations in the input parameters and to identify key areas of uncertainty. 

It is assumed that the combined motions due to position-keeping errors and wave-induced motions may be 

characterised by a total significant (double-amplitude) response Rs.  It will be assumed that the response 

amplitudes (zero to maximum) may be treated as a narrow-band Rayleigh process, making the same assumptions 

as are usually adopted for wave time histories.  The response will be assumed to be in one direction only and 

successive peaks will be assumed independent.  These assumptions are likely to be less satisfactory for the 

response process than for wave elevation.  It is suggested, however, that the aim of this analysis should be to 

identify conditions in which position keeping problems may occur, rather than to make precise predictions of 

risk.  With this premise, therefore, the assumptions are likely to be adequate. 

According to Dynamics of fixed marine structures9, section 3.9.10, equation 3.210, the probability that the peak 

amplitude a will exceed A at least once in N cycles of the time history is: 

P (a ≥ A in N cycles) = 1 – [ 1 – exp (– 
 A2  

2 mo 
) ]N 

where mo is the variance of the response and Rs = 4 mo
½  

Tables 1 and 2 illustrate the risks of exceeding the limits on the ranges of typical taut wire and HPR devices in 

shallow water.  The taut wire device is assumed to be attached at keel level, through a moon pool, and its angular 

limits are ±20º.  The transducer and transponder of the HPR device are each assumed to protrude 3.5  m from 

the vessel’s hull and the sea floor, respectively, so that the clearance under the hull has to be at least 7  m.  The 

angular limits of the HPR are assumed to be ±30º.  A range of clearances under the hull and significant responses 

are considered.  It is assumed that the number of cycles N is 1,000, which would be typical of a wave-induced 

response with an exposure duration of three hours. 

The calculations cover a range of different clearance distances under the hull, rather than the specified distance 

of 2 m under the thrusters, because the limiting factors in fact depend on a wide range of parameters, such as 

water depth, vessel draught, attachment point for the taut wire, etc.  The range shown in these tables is 

considered typical of limiting shallow water conditions for DP operations. 

These simple calculations show that the risk of exceeding the limit of the position-keeping system is very sensitive 

to the depth of water under the keel and to the significant response of the vessel.  Any inaccuracy in estimating 

either of these quantities could result in a major inaccuracy in estimating the risk of a position-keeping error. 

The aim should therefore be to avoid operating sub-surface position-reference devices in conditions where 

sensitivity may be expected and the risk becomes significant (for example greater than about 0.1).  This means, 

in this example, operating a taut wire device with a significant response limit of about 3  m when the wire length 

is 10 m, and a reduced response limit of about 1.5 m when the wire length is 5 m.  The corresponding limit for 

the HPR would be a significant response limit of only about 1.5 m when the clearance under the hull is 10 m. 

As noted in section 4, the DPVOA guidelines recommend that the root mean square excursion of the vessel 

should be less than one third of the scope (i.e. radius of operation) of the position measuring system.  Assuming 

that the root mean square response is exactly one third of the scope, and using the above formula, the probability 

that the peak amplitude will exceed the scope of the device in 1,000 cycles is: 

 1 – [ 1 – exp ( – 4.5 ) ]1000 = 0.99999 

This means that there is a very high probability of going out of range at least once in a three-hour period.  The 

probability of going out of range at least once in five minutes is more acceptable: 

 1 – [ 1 – exp ( – 4.5 ) ]30 = 0.285 

Occasional rejection of one of the three position reference systems does not cause operational problems and 

should not lead to position loss.  It is nonetheless a warning that safe working limits have been reached.  

The probability of two systems being rejected simultaneously is smaller, unless both systems have similar 

excursion limits.  If two systems are rejected simultaneously, then work should cease immediately. 
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Because the probability of rejection is so sensitive to small changes in the scope and response, it may be prudent 

to consider reducing the limit recommended in the DPVOA guidelines from one third to one quarter of the 

scope.  The probability of peak exceedance in three hours would then take the value: 

1 – [ 1 – exp ( – 8.0 ) ]1000 = 0.285 

The above simple calculations are for illustrative purposes only and would have to be repeated for each specific 

situation, using the relevant water depth, geometric limits, vessel response characteristics, etc.  The maximum 

excursion A depends on the angular limits of the device and water depth.  These should be easy to define from 

manufacturers’ specifications and geometric constraints from the vessel.  The number of cycles of exposure N is 

less easy to estimate because of the differing character of the wave-frequency and low-frequency components of 

the motion.  The choice is not too critical, however, and setting N = 1,000 should give a reasonably conservative 

result. 

The main area of uncertainty is likely to be in estimating the vessel’s significant response Rs.  This has two 

components: a wave-frequency component and a low-frequency (position-keeping error) component.  The wave-

frequency response in a particular sea state can be estimated fairly well using a conventional sea-keeping program 

based on wave diffraction theory.  The position-keeping errors are likely to be as large as the wave-frequency 

motions, however, and are far less easy to estimate.  They would have to be computed using a suitable numerical 

time-domain simulation program (such as BMT’s BMTSPM program, used in Summary report on an investigation 

into the correlation between full-scale measured and predicted motions of the SSSV ‘Uncle John’10, or Global Maritime’s 

MOSES program), which would have to take account of the DP control system itself, as well as wind, wave and 

current loads, thruster forces, vessel properties and shallow water effects.  Previous studies10 suggest that there 

may be large uncertainties in constructing the equations of motion and in the predicted responses.  It may only 

be possible to resolve these uncertainties with a substantial research programme. 

A simulation model would also be required to evaluate the risk of position loss following a sudden change in 

current speed or direction.  Similar comments apply to the uncertainties in these calculations. 

It is not clear what level of risk should be considered unacceptable for out-of-limit errors.  The fact that a single 

reference system goes out of limits should not result in a DP position loss, provided the system is well designed 

and common mode failures are unlikely.  The risk is clearly much higher, however, if two reference systems can 

go out of range simultaneously.  The above calculations indicate that the risk increases very rapidly when the 

response rises above a certain fairly well-defined level, and so the precise choice of risk threshold is not too 

critical. 

Risks of HPR system errors, caused by noise and reflections, would seem to be almost impossible to quantify, 

except possibly on the basis of historical information.  There is a need to review what information already exists 

in the possession of DP operators and suppliers. 

Clearance 
Under Keel (m) 

Excursion 
Limit (m) 

Significant 
Response (m) 

Risk of 
Exceeding Limit 

5 1.75 1.0 

1.5 

2.0 

3.0 

0.0000 

0.0196 

0.8959 

1.0000 

10 3.49 2.0 

3.0 

4.0 

0.0000 

0.0196 

0.8959 

15 5.24 2.0 

3.0 

4.0 

0.0000 

0.0000 

0.0011 

Table 1 – Risk of exceeding limits of position reference system: taut wire device 
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Clearance 
Under Keel (m) 

Excursion 
Limit (m) 

Significant 
Response (m) 

Risk of 
Exceeding Limit 

10 1.57 1.0 

1.5 

2.0 

3.0 

0.0000 

0.1435 

0.9993 

1.0000 

15 4.19 2.0 

3.0 

4.0 

0.0000 

0.0002 

0.1435 

Table 2 – Risk of exceeding limits of position reference system: conventional HPR device 
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10 Conclusions and Recommendations 

Past incidents indicate that the greatest risk of DP position loss is through human operator error.  Most incidents 

could probably have been avoided if operators had carefully observed existing guidelines.  The issues are complex 

and not necessarily specific to shallow water, although made more obvious by the technical limitations of the 

equipment in shallow water.  The problem seems to be partly a matter of inadequate guidelines or information 

in the past, partly the difficulty and expense of enforcing these guidelines and partly one of changing accepted 

practices. 

The risk of human error is not of a technical nature and therefore not directly amenable to calculation.  Improved 

equipment or better information might nonetheless make human sources of error less important. 

Vessels used for position-critical underwater activities require three independent position reference systems, 

whenever practically possible.  Problems with conventional sub-surface devices may make it difficult, or expensive, 

to find enough reliable independent systems for use in shallow water and operators may persist with available 

and familiar systems even when they become degraded or unreliable. 

The vessel and DP system are normally designed for use in a particular operating environment, which usually 

means deep water.  A proper evaluation of changes in its performance in shallow water conditions is likely to be 

complex and expensive and operators may be reluctant to do this. 

Considering now the individual technical issues in isolation, Table 3 summarises the factors that are regarded as 

presenting a high (H) risk of DP position loss in shallow water conditions, given that the ‘event’ in the left hand 

column of the table has occurred.  A factor is only regarded as presenting a high risk factor if it has the potential 

to cause directly a serious, unpredictable and abrupt position loss in conditions which should otherwise be within 

the design capability of the vessel and DP system. 

The table also shows factors which are of significance as regards gradual degradation (D) of DP performance, but 

are unlikely to lead directly to an abrupt position loss, provided due account is take of the vessel’s degraded 

performance during its design and operation.  These items are considered irrelevant to the objectives of this 

study. 

The following conclusions have been drawn: 

i) The risk of position loss in shallow water would seem to be very little greater than in deep water provided 

the water depth limitations of the position reference equipment are properly taken into account, provided 

the different environmental constraints on the vessel are taken into account and provided the relevant 

redundancy requirements for position reference devices and thruster power are strictly observed. 

Historical records of position loss incidents in shallow water suggest, however, that the relevant guidelines 

have not always been followed.  Failures to observe operational guidelines in shallow water are more likely 

to lead to loss of vessel position control than in deep water, because of the reduced DP capability of the 

vessel and the increased risk of one or more position reference devices going out of range; 

ii) Sub-surface taut wire and conventional HPR position reference systems tend to go out of range in shallow 

water conditions.  HPR systems are also susceptible to noise, air bubbles or reflections, which can be 

exacerbated in shallow water.  Failures of sub-surface position reference systems have been key factors in 

all recorded DP loss incidents in shallow water (although the recorded primary cause was operator error in 

all cases, because the operator should have been aware of equipment limitations) and are the factors most 

widely cited as limiting shallow water DP operations; 

iii) Out-of-range failures of position reference systems pose particularly high risks because they may cause a 

simultaneous (common mode) failure of more than one position reference system and a greater risk of a 

sudden loss of position control; 

iv) Tracking HPR systems are claimed to have a greater operational range in shallow water, but are complex 

and may be out-performed by conventional systems.  Horizontal taut wire systems can also be practical in 

some circumstances; 

v) In circumstances where lives or assets are at risk, these systems should always be backed up by a surface 

position reference system, such as Artemis or DGPS, wherever practical.  These systems operate equally 

effectively in all water depths, although they are not totally reliable and may not have sufficient accuracy for 

some applications; 

vi) It is strongly recommended that vertical taut wire and conventional HPR devices should be avoided in very 

shallow water conditions (for example 10 m water depth) and sea states where previous experience or 
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simple calculations, such as those illustrated above, suggest that these devices are likely to fail repeatedly or 

go out of range; 

vii) The vessel’s environmental operating limits in shallow water must take account of the reduced operability 

of any sub-surface devices in use.  Vessel location moves (without moving the position reference unit on the 

seafloor) must also be limited, in order to keep sub-surface reference systems within range at each stage; 

viii) DP control systems have occasionally rejected signals from correctly functioning position reference devices, 

in favour of failed devices.  This is not specifically a problem for shallow water, but will clearly be exacerbated 

if devices often go out of range or if two devices fail at the same time.  Frequent rejections should be 

regarded as a warning that safe working limits have been reached; 

ix) An abrupt change of current speed or direction may cause DP control problems and can cause a sudden loss 

of position; 

x) Most of the other technical factors considered in this review (taut wire bowed by current or kelp growth, 

degradation of thruster performance, mud or debris stirred up by thrusters, increased vessel added mass, 

increased wave-frequency motions, strong tidal current or changes in current force coefficients, degraded 

diving conditions and thruster shutdown for diving) are likely to lead to degraded performance and reduced 

operating limits, but should not lead to an abrupt position loss – provided these changes have been taken 

into account by the vessel operator for the particular location and operations in hand; 

xi) Sample calculations are used to illustrate the risks of conventional sub-surface taut wire and HPR systems 

going out of range.  These estimates showed that the risk can be very sensitive to variations in water depth 

and in the vessel’s significant response; 

xii) Occasional rejection of one of the position reference units does not cause operational problems and does 

not imply position loss.  The calculations suggest, however, that it may be prudent to consider lowering the 

proposed DPVOA limit on root mean square vessel excursions from one third to one quarter of the scope 

of the reference device; 

xiii) More detailed calculations would be required for specific vessels and applications.  The main area of 

uncertainty is likely to be in estimating the vessel’s significant response, especially the low-frequency position-

keeping errors. 

A suitable time-domain simulation program is needed to predict these low frequency motions, and similarly 

the effects of a sudden change of current speed or direction, but large uncertainties in the predicted motions 

are to be expected.  It may only be possible to resolve these uncertainties with a substantial research 

programme; 

xiv) Risks of HPR system errors, caused by noise and reflections, would seem to be almost impossible to quantify, 

except possibly on the basis of historical information.  There is a need to review what information already 

exists in the possession of DP operators and suppliers. 
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Event Comment Rating 

Taut wire system goes out of range Maximum wire angle limits minimum operating 

depth 

H 

Taut wire bowed by strong current or kelp 

accumulation 

Degrades position keeping accuracy D 

Taut wire dragged abruptly by large kelp bundle 

or submerged object 

DP control could interpret information 

incorrectly 

H 

Conventional HPR system goes out of range Maximum cone angle limits minimum operating 

depth 

H 

HPR error due to noise, bubbles or reflections Careful selection of equipment and positioning 

required 

H 

Tracking HPR system error Has merit of requiring small under-keel 

clearance, but not totally reliable 

H 

Surface position reference system error Operates equally well in deep and shallow 

water, but not totally reliable 

H 

Degradation of thruster hydrodynamic 

performance 

Due to deflection of the thruster jet D 

Cooling water system blocked by mud and 

debris stirred up by thrusters 

Will not cause immediate shutdown D 

Thruster stopped by debris Single thruster failure should be within design 

capability 

D 

Lower position-keeping accuracy because of 

increased added mass or changed wave drift 

forces 

Lowers vessel operating limits D 

Increased wave-frequency motions Lowers vessel operating limits D 

Strong tidal current or increased current force 

coefficients 

Lowers vessel operating limits D 

Abrupt change in current speed or direction May cause DP control system problems H 

Degraded diving conditions No direct effect on position keeping D 

Thruster shutdown for diving Lowers vessel operating limits D 

Table 3 – Ratings for DP position loss risk: H = high risk, D = degraded performance 
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