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Foreword

3S Business Review Limited comprises senior businessmen from various sectors of industry,
including former directors of leading UK-based international engineering consultancy
firms; possessing extensive personal, commercial and technical experience in the
specification, procurement and delivery of major, complex, custom-designed electrical and
mechanical infrastructure systems for the public transportation and energy sectors.

However, 3S has no expertise in naval architecture and various concepts contained in this
report are drawn from inputs received from authoritative sources in order to illustrate
conclusions drawn from digital analysis of the performance of the present vessel FB6 rather
than offered as engineering solutions.

Definitions

e Computerised Fluid Dynamics (CFD) model: a digital model constructed to replicate
the behaviour of the vessel in response to hydrodynamic side forces.

e Hydrodynamic Side Forces: the total forces exerted on the side of the vessel facing
adverse tidal or wind streams

e Hydrodynamic Side Wind Forces: the hydrodynamic forces exerted by wind

e Hydrodynamic Side Tidal Forces: the hydrodynamic forces exerted by tidal flows.

e Vessel Deflection: the deviation of the vessel from a straight transit path between its
Eastern and Western berthing positions.

e Wetted Area: the nominal surface area of the submerged hull

e lLongitudinal Wetted Area: the surface area of the submerged part of the hull
directly facing the adverse tidal stream

e longitudinal Topside Area: the surface area of the vessel’s superstructure most
directly facing the adverse wind.

e Maximum Draught: the nominal distance of the lowest point on the underside hull
from water level

e Average Draught: the average nominal distance of any point on the underside of the
hull from water level

e Displacement: the weight and volume of water displaced by the vessel under various
load conditions

e Chain Clearance: the depth of water over the chains

e Minimum Chain Clearance: the minimum depth of water over the chains required by
the Cowes Harbourmaster — specified as 1.5 metres in Appendix 10 hereto.

1 Introduction

In June 2023 a contract was awarded by the Isle of Wight Council, (IWC), to 3S Business
Review Ltd to undertake a review of Floating Bridge 6, (FB6), focusing on the need to
maintain Minimum Chain Clearance and day-to-day operational procedures.

This is part of a logical process to evaluate the present vessel and consider IWC’s options as
whether to retain the present vessel as currently operated, modify the present vessel in
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order to achieve its objectives as set out in the Business Case for its original procurement, or
replace it with a vessel specified and designed to more completely satisfy operational
requirements and environmental constraints.

This process is illustrated in the Flow Chart included as Appendix 1.

The scope of work was split into six key actions:-

. Key action 1 - Scope Computation Fluid Dynamic (CFD) work required and source
third party suppliers

. Key action 2 - Obtain tidal data required for CFD

. Key action 3 - Work with IWC to gather, collate and validate technical

information to populate the CFD model

. Key action 4 - Work with IWC and the specialist CFD supplier to populate CFD
model to replicate the dynamics of FB5 and FB6

. Key action 5 - Review of the operation of FB6 in terms of vehicles, foot
passengers and cyclists queuing, paying, loading, and unloading — identifying if
and how this could be improved to increase the number of crossings per hour

. Key action 7 - Prepare a comprehensive paper setting out above findings and
recommendations for IWC consideration and approval

An important finding from the operational review undertaken for Key Action 5 was that the
crossing frequency between East and West Cowes could potentially be improved by changes
to operational procedures. On the basis of this finding the contract was extended during
October 2023 to include a cost benefit analysis quantifying the further additional revenue
likely to be earned in comparison with the costs incurred from introducing a new staff
position to take on some of the duties currently assigned to the Master. This work package
was identified as Action 8.

Following review of the findings of key actions 1 — 5 it was agreed that 3S would go on to
consider the commercial options available to IWC for the procurement of a replacement
vessel, (FB7), the key performance requirements of FB7, and the opportunity for the
profitable disposal of FB6.

This further work has been added to the above scope of work as Key Action 6.

This Paper has been prepared as the deliverable in response to Key Action 7 including 3S
findings and recommendations in response to Key Action 6.

2 Executive Summary

3S findings and recommendations can be summarised as follows:-
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2.1 Potential to increase crossing frequency (Key Actions 5 and 8)

e Due to the constraints placed on operation FB6 cannot achieve the 5 return
crossings per hour required by the Business Case'. However, there is scope to
streamline operational regimes in order to increase the average frequency from 3.4
to 4.4 return crossings per hour.

2.2 The Chain Depth Issue (Key Actions 1-4)

e The CFD model (Key Action 4) utilising Tidal Data obtained from a previous study
commissioned by IWC (Key Action 2) and drawings and vessel technical data both
supplied by IWC and obtained by IWC from the builder of FB6 (Key Action 3)
indicates that, due to the basic design and construction of FB6, it cannot be modified
so as to be capable of operation without the push boat at maximum ebb tide flow
rate.

e |nthe absence of available drawings an attempt to test the ability of FB5 to cope
with the Hydrodynamic Side Forces used in the CFD model assumed a similar
underwater profile to FB6. Surprisingly, despite the considerably smaller waterline
length and displacement of FB5, the CFD model predicts that Vessel Deflection at
extreme Hydrodynamic Wind and Tidal Forces is sufficient for FB5 to also breach
Minimum Chain Clearance.

e Accordingly, iterative computer runs were carried out at various values for
Longitudinal Wetted Area and Longitudinal Topside Area and resulting
Hydrodynamic Wind and Tidal Forces in order to establish whether it is possible to
achieve the operational requirement for Minimum Chain Clearance by reducing the
overall dimensions and weight of the vessel, or introducing an innovative low-drag
hull design, or both.

e Surprisingly, this indicated that even at zero values for Longitudinal Wetted Area and
Longitudinal Topside Area the vessel would deflect laterally by a significant amount,
and also that the ferry would need to be substantially smaller even than FB5 in order
to avoid breaching Minimum Chain Clearance when the ferry is midway’.

! Cowes Floating Bridge Final Revised Business Case dated 21 September 2018. Page 37. SRTM assumptions
for FB6 (Do something).

Note that in the earlier document, “Floating Bridge Review Report Final for Scrutiny Committee” dated 09
January 2018, a requirement is stated to “Increase number of daily crossings (introduce timetable service 6
crossings per hour)”. Given that the Final Revised Business Case refers to FB5 being capable of “4.5 crossings
per hour” the 6 crossings per hour target must have been intended to be return crossings - but that is not
stated.

’ The Wolfson Unit study concludes that, in comparison with FB6, “the characteristic ferry areas would need to
be reduced by at least 50% before any meaningful change in chain clearance begins to occur, and something of

the order of 75% in order to obtain 1.5m clearance over a significant span”.
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e This in turn supports anecdotal evidence of a recent increase in the maximum ebb
flow speed. However, whether this is so, and if so, whether due to the recent
emplacement of the harbour entrance breakwater is yet to be empirically proven.

e CFD analysis therefore indicates the need for a fundamental review of conceptual
vessel design, assisted by further use of the now established CFD model.

e Inthe eventitis not possible to define a solution that achieves Minimum Chain
Clearance it is recommended results be referred to the Cowes Harbourmaster for his
further consideration, for which purpose it would be useful to obtain further
empirical and anecdotal evidence of possible increase in maximum ebb flow rates.

o  Whilst the findings of the CFD analysis might appear unhelpful in defining a ready
solution to the chain depth issue, they demonstrate the value of carrying out such
investigations before embarking on a further major capital expenditure programme,
whether for replacement or radical modification of the existing vessel, and CFD
provides a valuable tool for further development and use in future design reviews by
suitably qualified naval architects and shipbuilders.

23 Procurement of a replacement vessel and disposal of FB6 (Key Action 6)

e Procurement of a replacement vessel will also provide the opportunity to:

o Improve loading arrangements, including reducing vehicle approach and
departure angles and segregating foot passenger from vehicle traffic, to
increase frequency of service.

o Upgrade from diesel to electrical motive power to increase available motive
power, improve reliability, reduce maintenance costs and eliminate
emissions

e Procurement of any replacement vessel must be carefully structured to ensure an
appropriate balance of risk as between buyer and seller.

e Alternative procurement strategies might include leasing a vessel from an accredited
builder, or the sale of a licence to an accredited builder to operate the service under
strictly defined terms and conditions.

e Inthe event FB6 is replaced there is a large potential international market for its
resale for operation in an environment more conducive to its basic design.

3 The Chain Depth Issue
3.1 Objectives
Three key objectives were agreed with IWC:-

e To understand the impact of extreme wind and tidal forces on Vessel Deflection.
e To predict the impact of available measures to counter extreme Hydrodynamic Side
Tidal Forces and Hydrodynamic Side Wind Forces
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3.2

e To identify any fundamental changes required to basic vessel design in order to
achieve the performance criterial set out in the business case for FB6.

Methodology

3S produced a specification for the procurement of a CFD model from an accredited expert
supplier to predict the impact of Hydrodynamic Side Wind and Hydrodynamic Side Tidal
forces on Vessel Deflection. The Wolfson Unit at Southampton University was selected as
the supplier.

The specification agreed for the scope of services to be provided by the Wolfson Unit used
the diagram provided by 3S and included as Appendix 2 as its point of reference. The
Wolfson Unit was advised that the parameters identified as items ‘C’, ‘D’, ‘E’, ‘N’, ‘O’, & ‘P’

could be set as fixed values.

3S approached the exercise keeping in mind the possibility of procuring a new floating
bridge should it be concluded that FB6 cannot be made fit for service. Accordingly the
specification for the model included provision for it to be used to facilitate the definition of a
realistic set of targets for a new vessel consistent with maintaining Minimum Chain
Clearance, (items ‘F’ & ‘G’ on the diagram). The outputs from the model would be used in
defining the design envelope for size and shape, (e.g. weight, length, beam, and so on;
exemplified by items ‘A’, ‘B, ‘H’, & ‘Q’ on the diagram), together with an optimum value for
chain configuration /weight, (item ‘J’ on the diagram — with due account taken of items ‘K’ &
‘).

The primary objective of CFD modelling was to achieve a better understanding of the
operation of the existing vessel, FB6, in order to be able to evaluate possible improvements
to its hydrodynamic performance. The initial goal was emphasised as maintaining Minimum
Chain Clearance under all practical operating conditions.

Using FB6 data as the source for the key model inputs, IWC was tasked with providing design
details from which a set of nominal values for variables ‘A’, ‘B’, ‘H’, and ‘Q’ could be
ascertained along with a range of values for the average transit speed, item ‘M’. IWC also
provided the chain characteristics for FB6. The Wolfson Unit proceeded to create the model
with the results to be validated against observed performance. (Observed performance
includes Vessel Deflection - item ‘X’ on the diagram — which is clearly directly impacted by
the chain specification and design).

Having established a better understanding of current operations, the model was used to
quantify the sensitivity of Minimum Chain Clearance to incremental changes in size and,
shape of the vessel, and the weight and design characteristics of the chains.

The Wolfson Unit was also asked to consider modelling the performance of FB6 if fitted with
a fixed tether anchored to a point upstream to limit Vessel Deflection in order to allow
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operations in fast flowing ebb-tide conditions without assistance by the push-boat. A
diagram of the proposed arrangement was prepared and is included as Appendix 3.

Findings

The principal scenario modelled was at maximum wind/current velocity, with the ferry
positioned at the mid-point of the river. A number of parameters were investigated in order
to determine the effect of these conditions upon Vessel Deflection.

e Increasing the chain length was found to increase Vessel Deflection significantly.
Chain Clearance also increased with increasing chain length, however very long
chains were required to make a material difference.

e Increasing the water depth did not affect the lateral deflection because under
maximum Hydrodynamic Side Tidal Forces the chains are suspended in the water
and do not touch the river bed. For conditions with slower tidal current and wind
speeds (i.e. where the chain is part resting on the river bed) increasing the water
depth has been observed to reduce Vessel Deflection.

e Reducing Hydrodynamic Side Forces, either by modelling a smaller ferry or reducing
wind speed or tidal flow speed, was found to reduce Vessel Deflection more slowly
than expected. This is hypothesised to be because the lateral force exerted by the
chain is weak at small deflection angles and increases significantly only when
approaching the maximum lateral deflection.

e Increasing the chain mass reduces Vessel Deflection, but a significant increase in
mass is required to impart a material difference; doubling the chain mass was
observed to reduce Vessel Deflection by only 11%.

e Restraining Vessel Deflection by adding an inelastic tether between the hull of the
vessel and a fixed upstream point on the river bed would reduce chain tension and
increase Chain Clearance, however it would require a very long tether in order to
reduce the maximum lateral deflection by a meaningful amount and this is likely to
be impractical from operational standpoints, particularly concerning the movement
of other river traffic.

e Predictions made for the ferry in dock under maximum wind/current loading
indicate that Minimum Chain Clearance would be achieved for even very short chain
lengths (i.e. 166m). Minimising the chain length would reduce Vessel Deflection,
however the predictions also indicated that short chains would experience large
tension, capable of lifting the East Cowes counterweights.

Since some of these findings were unexpected it was agreed that a second study should be
undertaken. Whereas the first study was obtained by conducting CFD analysis on a 3D
model which had been generated from 2D line plans the second study utilised 3D CAD files
provided by the FB6 builder. The opportunity was taken to expand the study to cover a
lighter vessel, initially based on available information for FB5 with the objective of
establishing a clear understanding of the sensitivity to vessel weight, and the resulting
Average Draught, to facilitate the preparation of an informed specification should the
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4.1

decision be taken to replace FB6. The second study used data for the two alternatives set
out in the following table:-

Characteristic FB6 Data Alternative
Length 29.70m 26.67m
Width 14.00m 12.80m
Draught 1.40m 1.37m
Weight 333 tonnes 234 tonnes

On completion of the second study an amended report was produced by the Wolfson Unit.
The Report is included as Appendix 4.

The key finding of the second study is that the conclusions of the original report are not
changed fundamentally. For the scenarios tested, in which the side forces are very large and
the chains are approaching ‘taut’ behaviour, the model is relatively insensitive to even
significant changes in wind/current loading.

However, the accuracy of this second study was frustrated by the lack of drawings available
for FB5, and a third study was therefore undertaken to establish the Vessel Deflection at
various values for Longitudinal Wetted Area, consistent with maintaining Minimum Chain
Clearance while maintaining the existing chain size.

In addition, the third study took account of the impact of reducing the Longitudinal Topside
Area of FB6 by removal of the upper deck balustrade in order to reduce Hydrodynamic Side
Forces in the worst-case adverse wind and tide scenario.

The key finding from the third study is that making the ferry smaller is not going to solve the
problem of lateral deflection. The reasoning behind this conclusion is set out as an
addendum to the Wolfson Unit Report at Appendix 4

FB6 Operational Performance
Objectives

The primary objective of Key Action 5 was to conduct a review of the operation of FB6 in
terms of vehicles, foot passengers and cyclists queuing, paying, loading and unloading in
order to identify whether and, if so, how, this could be improved to increase the number of
crossings per hour.

The average crossing frequency achieved by FB6 is currently substantially below the target
of 5 return crossings per hour set out in the Final Business Case.
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4.2

4.3

Methodology

3S made strategically timed observations of current operating practice to identify
opportunities for changes to deliver improvements in the frequency of return crossings
between East and West Cowes.

Using video captures obtained from the floating bridge webcam located at West Cowes, 3S
undertook a detailed data collection exercise to gain an understanding of the day-to-day FB6
operations. Data was collected for a total of 37 single crossings over several days in March
2023.

Analysis of the data focused on the time required for a single crossing broken down into the
following components:-

e The turnaround time — the time taken between the completion of vehicle offloading
for one crossing and the commencement of vehicle loading for the next.

e The time to load vehicles

e The delay between the completion of vehicle loading and the commencement of
passenger boarding

e The time to board passengers

e The delay to departure once passenger boarding is complete

e The transit time from departure from one slipway to arrival at the other

e The time to for passengers to disembark

e The delay between the completion of passenger disembarkation and the
commencement of vehicle offloading.

e The time to offload vehicles.

Average durations for each of these components were derived and the key reasons for the
lower than required crossing frequency were identified.

Findings

The full performance review report is included as Appendix 5. The full set of averages for
the single crossing timing components described above is reproduced here for ease of
reference as table 1:-

Item Timing component Duration
1 Turnaround time 23 seconds
2 The combined time for passengers to board and disembark 41 seconds
3 The delay between vehicle boarding complete and passenger 11 seconds
boarding commencing

4 The delay between passenger disembarkation complete and 11 seconds
vehicle offloading commencing

5 Delay to departure once passenger boarding complete 150 seconds
Sub-total 236 seconds
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6 Transit time 203 seconds
7 The combined time for vehicles to load and offload 12 seconds per
vehicle
Table 1 - Summary of average timing components for a single crossing of the Medina by
FB6

Based on the data collected for the 37 crossings, and also considering other information on
annual patronage, it can be shown that FB6 is operating with an overall average of
approximately 8 vehicles per crossing. Using that figure along with the other average values
shown in table 1 would result in a total time for a single crossing of 535 seconds or 8.9
minutes. That equates to a frequency of approximately 3.4 return crossings per hour.

The timing analysis considered the performance of FB6 in comparison with the alternative
road journey via Newport, nominally estimated to be a 24 minute journey. Based on a worst
case assessment for a vehicle intending to board but arriving at the slipway just as FB6 is
about to depart, the journey time using FB6 would comprise waiting for the return crossing
plus the time for a single crossing — the time for 3 single crossings in total. If the time for
three crossings is greater than the time for the alternative road route via Newport then it
could be argued that drivers will be less inclined to use the floating bridge. A single crossing
time of 8 minutes (one third of the 24 minute time for the Newport route), would equate to
a frequency of 3.75 return crossings per hour. However, FB6 is not achieving this frequency.

The performance report also addressed the question of segregation of foot passengers,
cyclists, and vehicles on the slipway. If segregation could be implemented then average
loading and unloading times could be improved by approximately 1 minute. However, in
discussions with IWC, it was agreed that segregation cannot feasibly be implemented with
the current vessel and infrastructure.

While the data was being collected for the timing analysis several instances were noted of
vehicles experiencing difficulty boarding and disembarking due to the approach angle
between the loading ramp and the slipway. The problem is particularly acute for vehicles
with low ride height, and several instances of bumper scraping were noted. Further work
would be required to determine whether FB6 could be cost effectively modified to address
this issue. If improvements could be made this would almost certainly improve average
loading and unloading times and would also probably increase revenue as more drivers
become inclined to use the floating bridge.

The key variable relating to improvement in crossing frequency is the average delay to
departure once passenger boarding is complete. It is believed there may be an opportunity
for immediate improvements to reduce the delay to departure once boarding is complete
from the observed average of 150 seconds shown in table 1 to, say, 60 seconds, in turn
providing an immediate improvement in frequency from 3.4 to 4.0 return crossings per
hour.
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Under current procedures the Master assumes responsibility for closing the loading ramp
and then walks back to the pilot house to prepare for departure. The resulting delay to
departure could be reduced by introducing a change of duties to allow the Master to be at
the pilot house and ready to depart as soon as boarding is complete. This would potentially
require an additional staff post to undertake duties associated with raising the loading ramp
prior to departure. It was therefore agreed that 3S should undertake a cost benefit analysis
to determine the benefit cost ratio, (BCR), resulting from the additional revenue accrued
from a higher crossing frequency in comparison with the costs of introducing the additional
staff post.

The Cost Benefit Analysis is included as Appendix 6. The key conclusions were that:-

e The frequency could be increased from 4.0 to 4.4 return crossings per hour.

e Under this scenario potential annual revenue would increase to circa £91k but
additional costs of circa £86k would be incurred. This equates to a BCR of 1.07.

e The estimated BCR is not sufficiently attractive to recommend the introduction of an
additional Officer post.

The analysis also looked at the possibility of modifying the operational procedures without
the need to introduce an additional staff post. It was reported that significant
improvements could be made by introducing changes to the duties assigned to the Master
while continuing to deploy the same number of staff posts. The conclusions reached were
as follows:-

e Ifitis feasible to control raising of the ramp prior to departure from the pilot house
then changes to the duties assigned to the Master could deliver a reduction in the
delay to departure, and therefore an increase in crossing frequency and potential
revenue, similar to that achieved by deploying an additional staff post.

e To achieve the improved delay to departure time may require a small amount of
time to be devoted by the Mate to raising the ramp - depending on the sightlines
from the pilot house.

5 Conclusions
5.1 The Chain Depth Issue

e FB6 cannot operate within the constraints on Minimum Chain Depth prescribed by
the Cowes Harbour Master, or berth safely at extremes of tidal flow, without the
assistance of a push-boat.

e The installation of a tether to limit Vessel Deflection during strong ebb tides is not
feasible due to the long length of chain or cable that would be required to achieve
an arc of travel sufficient to maintain Minimum Chain Depth.

e CFD analysis indicates the need for a fundamental review of conceptual vessel
design, assisted by further use of the now established CFD model.
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5.2

6.1

Operational Performance
The overall conclusions from the timing analysis are that:-

e The average frequency under current operations for FB6 is 3.4 return crossings per
hour.

e Acirca 20% improvement to an average of 4.0 return crossings per hour could be
achieved by preparing FB6 for departure as soon as the last passenger has boarded.

e A further improvement to 4.4 return crossings per hour may be achievable
depending on the feasibility of changing some of the duties currently assigned to the
Master.

e In order to approach the business case target of 5 crossings per hour using the best
case scenario under current operational procedures the transit time would have to
reduce to circa 2 minutes. This is probably not achievable with FB6 as currently
configured.

e Given that such a new vessel achieves the performance requirement set out in the
final business case of 5 crossings per hour and acceptable levels of availability and
reliability, it is believed that traffic could be significantly increased permitting a
reduction in current fare levels in order to further increase passenger demand by
arriving at the ‘sweet spot’ at which price maximises overall revenue.

Potential procurement of a replacement (FB7) for current vessel FB6
Background

New Key Action 6 is directed to considering how IWC might proceed with the replacement of
the existing vessel with a new vessel designed to suit prevailing environmental conditions
and IWC operational requirements.

As mentioned in Section 2.2 of this report, the results of CFD computer runs indicate that
the basic conceptual design of FB5 and FB6 will not solve the chain depth issue, and that
thought must therefore be given to alternative, and perhaps radically different design
concepts.

However, it is believed that any successful design will rely upon a lighter vessel incorporating
a more hydrodynamically efficient underwater profile and superstructure.

Accordingly, it is believed that in the design of any replacement vessel consideration should
be given to several fundamental design characteristics.

-11-
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6.2

6.2.1

6.2.2

Design Specification
Construction Material

CFD indicates that reducing Average Draught and hence Longitudinal Wetted Area will
reduce Hydrodynamic Side Tidal Force albeit, based on present maximum tidal speed, not to
the point where the vessel will no longer require the assistance of a push boat to maintain
prescribed minimum chain depth and berth safely.

Whilst the specification for FB6 called exclusively for steel construction, other materials are
not precluded by prevailing regulations. An aluminium hull would considerably lighten the
vessel and thereby reduce draught in order to alleviate present Hydrodynamic Side Tidal
Force. Advice obtained from local shipbuilder is that as a broad rule of thumb a wholly
aluminium vessel offers a weight saving over steel of up to 30%.

Aluminium is widely used for the construction of smaller commercial vessels, for example,
the present Red Jet fleet and the new fleet of hybrid diesel/electric passenger vessels being
delivered for operation across the London ULEZ zone.

This would also open the market to a larger number of potential suppliers, including
established local shipbuilders.

Motive Power

Whereas FB6 is propelled by conventional diesel engines there is a growing trend towards
electrification of ferry vessels, originating in Scandinavia but now spreading rapidly
worldwide.

Electrification will eliminate the need for refuelling and could provide a net weight saving
thereby reducing displacement to further minimise Longitudinal Wetted Area

Additionally, electric motors can provide greater power than diesel engines and instant
access to maximum torque. Therefore they are better able to provide the power required to
deploy heavier chains in order to minimise Vessel Deflection under extreme Hydrodynamic
Side Forces.

Electrification would not only better enable IWC to satisfy its objectives towards achieving
Net Zero emissions, but also provide considerable improvements in operational
performance and savings in routine maintenance downtime and outages for unscheduled
repairs.

Preliminary calculations show that adequate power for a full day’s operational cycle can be
provided by a relatively small battery pack. Alternatively, the vessel could maintain a shore
connection via a trailing cable.

-12 -
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6.2.3

6.2.4

6.2.5

As compared to diesel engines, electric motors have very few moving parts, (essentially just
one), and therefore require relatively low maintenance. For the same reason they are
inherently highly reliable requiring very little unscheduled maintenance work.

And finally, electrification would provide a cleaner, quieter solution than current diesel
units.

Wind Loading

FB6 provides an upper deck for passengers to enjoy the vista provided by the Medina River.
However, during a 3-minute journey this is at the expense of a larger superstructure than its
predecessor, which in turn gives rise to higher Hydrodynamic Side Wind Forces.

During peak holiday seasons it might also contribute to delays in loading and unloading
passengers.

In specifying a new vessel, IWC might therefore consider reverting to lower deck only foot
passenger accommodation.

Reduction of underwater profile to minimise drag

The Wolfson study concludes that hull shape plays an insignificant role in reducing forces
imposed by the tide, and that the key variable Longitudinal Wetted Area.

However, subject to further engineering study, a possible impediment to minimising the
Longitudinal Wetted Area is the need to accommodate 2-metre diameter chain wheels,
which results in very similar Maximum Draughts for both FB5 and FB6. Clearly, reducing the
size of the chain wheel will present issues both for drive stability and wheel wear. However,
subject to further expert study one solution might be to replace the single wheel with twin
wheels installed in tandem or other chain drive system offering greater economy of
headroom.

Another possible innovation to reduce vessel Displacement and hence Average Draught
suggested to 3S in the course of producing this report is replacement of the traditional
vessel-mounted loading ramps by shore-mounted ‘funicular’ loading platforms incorporated
into each slipway - illustrated by the sketch in Appendix 7. However, this would again
require considerable design development.

Proven design

Notwithstanding references herein to innovative concepts to improve vessel performance, it
is strongly recommended that wherever possible designers should adhere to proven
technologies and design concepts.

In the event that project objectives and required performance cannot be achieved except by
the introduction of new, innovative or repurposed technology, then this should be first
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6.3

6.3.1

proven by all available means including computer simulation, prototyping and practical trials
before its incorporation into a final design.

Even then, the risk in any such technology should be placed entirely on the supplier of the
end product, backed by his provision of a minimum 36-month warranty and appropriate
performance and delivery guarantees, supported by an adequate balance sheet, or
appropriate insurances providing adequate indemnity, or both.

Alternative Procurement Strategies
Direct Purchase

FB6 was directly purchased by IWC in a process involving three parties — the Council, the
Naval Architect and the Ship Builder.

Within this arrangement IWC specified certain key parameters — for example, the overall
length of the vessel. The naval architect carried out conceptual design and supervised detail
design and construction, and the ship builder carried out detailed design and specification,
and specification and procurement of various sub-systems.

In such a process involving multiple interfaces and interdependencies there is always
potential for error, confusion and, ultimately the assumption of risk by the ultimate
customer, (IWC), when it cannot be clearly allocated elsewhere.

The avoidance of such risk is a key skill in the procurement of major items of custom-built
plant and equipment, and requires very careful structuring of supply contracts.

Key principles for the structuring of a conventional set of design and supply contracts for the
procurement of FB7 are set out in Appendix 8a. This recommends that a single contract is
let for both design and supply against a simple set of key performance criteria defined by
IWC.

These performance criteria are then adopted by the supplier who has the responsibility to
supply a vessel fit for its intended purpose or suffer damages for breach, or rejection or
both.

One issue in this process is the time required to establish and execute the overall
procurement process, which, as illustrated in Appendix 8b, could extend to 3 years for initial
delivery.

One major drawback is the raising of funds to purchase the new vessel, including pending
the sale of FB6.

Clearly, one very major requirement for initial planning and budgeting purposes will be to
prepare a reliably accurate (plus or minus 10%) estimate of the cost of designing, building
and administering the procurement of the vessel. As the estimator must first specify and
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6.3.2

prepare an outline design of the vessel, consult industry and compare resulting estimates
with costs of the very few comparable vessels, this in itself will be an expensive exercise.

Leasing of Vessel, or Sale of Licence to Design, Build, Own, and Operate, (DBOO)
Lease

One means of avoiding additional IWC expenditure is to lease from a designer/builder a
replacement vessel designed and constructed to achieve IWC's specified performance
requirements.

It is understood that this method has been used by Red Funnel to procure vessels for its Red
Jet service

Adequate relevant shipbuilding design and manufacturing capability is believed to exist on
the Isle of Wight, in addition to the wider UK and international markets.

An informal expression of interest in such an arrangement has been expressed by a local
designer/builder, and it is believed further such interest can be obtained in the wider
market.

A disadvantage is that IWC will be required to operate and maintain the vessel, presenting
obvious technical interfaces that must be carefully defined and managed to avoid IWC's
exposure to technical and financial risk in the event of technical problems.

Design, Build Own and Operate.

An alternative approach is for IWC to invite bids for the purchase of a license for the
operation of a franchise to operate a new service according to a performance specification
prepared by IWC, as described in Appendix 9.

Under this arrangement the licensee assumes all responsibility for maintenance and
operation and therefore relieves IWC of all responsibility and risk.

Again, an informal expression of interest in such an arrangement has been expressed by a
local designer/builder, and it is believed further such interest can be obtained in the wider
market.

To avoid the obvious downside of ‘privatisation’ this could be constructed as a public/private
partnership in which the council prescribes and enforces minimum service requirements and
maximum fare levels.

As it is believed a new and reliable vessel will attract considerably more revenue than
presently enjoyed, such an arrangement could include an ‘anti-embarrassment’ provision
whereby profits are jointly monitored by the licensee and IWC and any excess profits are
shared with IWC.
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7.1

7.2

Build programme

One major advantage of a lease or DBOO strategy is that the time for delivery of the vessel
can be substantially reduced from the 3 years shown in Appendix 8b to the 12 to 18-month
timeframe achieved for similar size passenger ferries recently delivered to other UK end
clients.

Recommendations
Operational Regime

e Make identified changes to the present operational regime in order to increase crossing
frequency.

Vessel Replacement

e Consider replacing the existing vessel with a replacement vessel designed with the aid of
the CFD model in order to cope with specified maximum Hydrodynamic Side Wind
Forces and Hydraulic Side Tidal Forces including:

e Optimise hull shape and lighten construction in order to reduce Displacement
and hence-Longitudinal Wetted Area to minimise Hydrodynamic Side Tidal
Forces.

Optimise hull shape to further minimise Hydrodynamic Side Tidal Forces
Reduce Longitudinal Topside Area to minimise Hydrodynamic Side Wind Forces

e Take the opportunity of vessel redesign also to:
o Minimise road vehicle approach and departure angles to avoid damage to
vehicles and accelerate loading
Segregate passenger and vehicle traffic in order to permit concurrent boarding
Configure vessel driving position in order to optimise ergonomics to reduce
turnaround time.

e Ensure that the Cowes Harbour Master is consulted as a key stakeholder prior to the
finalisation of the specification for a replacement floating bridge.

o Current guidance on maintaining adequate depth of water over the chains can
be found in the Notice to Mariners included here as Appendix 10.

o Clearances are required to be maintained at all times, including when the
floating bridge is in motion. It could be argued that this constraint is overly
onerous since mariners are advised “not to pass when the Chain Ferry is in
motion”. The conclusion from the CFD modelling study that required clearances
are achieved when docked, even with short chain lengths, adds weight to this
stance.
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o Henceitis recommended that discussions are held with the Harbour Master to
explore whether a compromise can be reached such that a more pragmatic
specification can be reached for any replacement floating bridge®.

7.3 Procurement Strategy for replacement Floating Bridge

e Consider alternative procurement and ownership strategies in order to:
o Establish a single responsibility for conceptual and detailed design, and
construction.
o Limit the input of IWC to stating only operational performance characteristics to
be achieved by the vessel.

e Consider inviting innovative utilisation of private capital for the supply of a suitable
vessel under either:-
o aterm lease for the supply of a vessel for maintenance and operation by IWC,
or,
o the sale of a term licence to an owner-operator responsible for the design,
supply and operation of the vessel according to specified performance and
commercial criteria including maximum fare structure.

8 Disposal of FB6

In the event IWC decides to dispose of FB6 it is believed there should be a ready market for
its resale to another operator.

It is believed FB6 is capable of providing a satisfactory service in a less aggressive and intense
operating environment, precluding the extreme Hydrodynamic Side Forces presented by the
Medina River.

Accordingly, it is believed good interest might be obtained from the more than 300
operators of chain and cable ferries around the world listed in Appendix 11.

Of these, many are small operations not requiring a vessel of this size, but the remaining
available market should provide good opportunity for profitable disposal. If so, informal
ball park estimates obtained of present value suggest an achievable resale price of between
£1.0 and £1.5 million.

However, this depends entirely on the strength of the market, which IWC might choose to
test particularly before embarking on a conventional direct purchase.

*Itis alleged that the new breakwater changed the characteristics of the river Medina by bottling up tidal
outflow. This resulted in a higher current velocity at peak ebb tide. However, whilst the peak velocity of the
ebb tide current may have increased the duration of the peak has apparently reduced significantly. This adds
weight to the case for a compromise for a replacement floating bridge.
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In any event it is recommended that FB6 should be retained as a standby vessel for at least 3
months following completion of commissioning of FB7.

9 Potential Further Studies

If the decision is taken to replace FB6 then a number of programme management tasks must
be undertaken, including:-

e Assembly of an outline performance specification
e Preparation or solicitation of an outline technical specification

Depending on the selected procurement strategy and mechanism it may also be necessary
to undertake the following further work:

e Preparation or solicitation of budget prices for turnkey design, supply, and
commissioning

e Preparation of prequalification and enquiry documents

e Adjudication of expressions of interest and tenders

e Overall monitoring of any resulting contract for turnkey design, manufacture,
commissioning, and initial maintenance /operation
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CFD Modelling Reference Diagram



Appendix 1 Suggested main parameters for the construction of a CFD Model

A. Unwetted hull and superstructure area exposed to cross wind (square metres) - empty and fully laden
B. Wetted hull dimensions and area (square metres) exposed to tidal pressure - empty and fully laden.
C. Maximum transit distance

D. Minimum transit distance

E. Maximum tidal range

F. Minimum permitted depth of trailing chain below surface

G. Minimum permitted depth of leading chain below surface

H. Vessel mass maximum (fully loaded) and minimum (empty)

J. Chain link configuration (e.g. open or studded), mass kg/metre and surface area per metre length
K. Chain exit height above surface

L. Chain anchorage height above tide height at peak and bottom of tidal range

M. Average vessel transit speed

N. Maximum tidal ebb speed metres/second

0. Maximum tidal flow speed metres/second

‘X’ = the deviation of the course of the
vessel from its ‘no tide, no wind’ direct
path under maximum and selected
intermediate values for tide and wind
speed. This will be reflected in differing
actual values for F and G, enabling
calculation of the chain length necessary
to achieve the prescribed minima under
these conditions

P. Maximum cross wind speeds (nominal and gust) metres/second
Q. Bow and stern cross-sectional wetted and unwetted areas.
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Diagrammatic lllustration of Tether Concept



Appendix 2 Implementation of a tether as a substitute for the push-boat
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Development and application of a numerical chain shape prediction tool for a RoRo chain
ferry

1 INTRODUCTION

The Cowes floating bridge is a vehicular chain ferry that runs from East to West Cowes, crossing the
River Medina. The current vessel (‘Bridge No. 6°) has been observed to deflect sideways under the
influence of side current and wind loading and to approach the slipways at an angle to its intended
trajectory. In order to better understand the mechanisms behind this behaviour, and with a view to
mitigating it, a numerical tool has been written that predicts the chain deflection shapes under various
scenarios by modelling the constituent physical processes. The chain shape prediction tool has been
applied to a range of scenarios in order to better understand the parameters affecting lateral deflection
of the ferry.

2 PROBLEM DEFINITION

The floating bridge departs/lands from slipways at East/West Cowes and runs on a set of two chains.
At the West side the chains are permanently attached to the slipway. On the East side the chains run
over pulleys and are attached to counterweights in underground pits, believed to weight nominally
3.5 tons each. The ferry hull (excluding ramps) is approximately 30m long with a beam of 14m, and
travels at 2 knots forward speed.

The Isle of Wight Council (IOWC) have provided a number of documents specifying properties of
the floating bridge. The distance between the chain tether points is determined to be 165m from CAD
drawings contained within document ‘WLS.PTR.8.REV A.pdf’, the maximum tidal current was
determined to be 2m/s from the document °‘R3614 Final Cowes FloatingBridge Tidal
Survey_12July21 ABP Mer.pdf” and the physical properties of the chain (dimensions, density) were
determined from ‘Chain Specification-Report-001-rev-0 BCTQ.pdf’. IOWC also provided two
dimensional drawings of the ferry, from which a 3D model was constructed using CAD software
(Figure 1). Properties of the floating bridge used to model the chain deflection are included in Table
1. The chain drag coefficient is taken from reference [1].

University of
@Southampton
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Horizontal distance between chain tether points 165m
Forwards ferry speed 2 knots
Maximum lateral current speed 3.89 knots
Maximum lateral wind speed 34 knots
High, median and low tide 4.3,2.4 and 0.5m above datum
Chain density 8000kg/m3
Chain volume (per unit length) 0.00261m3
Chain mass/unit length 20.84kg/m
Chain drag coefficient 2.2

Table 1 Floating bridge physical and environmental parameters

3 CHAIN SHAPE PREDICTION METHOD

The chain shape prediction tool has been written using Matlab and solves a system of equations in
order to balance the internal chain tension against the forces acting upon the vessel. The program
takes a series of input parameters describing the problem, including both constants (e,g. the span
between the tether points) as well as user variable properties (such as the vessel position). The tool
then predicts the lateral deflection of the ferry, the tension in the chains and the shape of the chains,
including their depth below water and lateral deflection.

3.1 Modelling Assumptions

Schematics illustrating the coordinate system and key concepts of the chain deflection model are
provided in Figure 2 and Figure 3. The x-direction corresponds to the horizontal line connecting the
tether points of the chain. The z-direction is the vertical direction, and the y-direction is the lateral
direction, 90 degrees to the shortest path of the ferry. Further assumptions are as follows.

e The forces acting upon the ferry are assumed to consist of:

1. The hydrodynamic resistance to forwards motion, acting in opposition to the direction of
motion (i.e. along the x-axis)

The hydrodynamic sideforce due to the presence of lateral current, acting in the y-direction
The aerodynamic sideforce due to the presence of lateral wind, acting in the y-direction

4. The chain tension acting upon the ferry, at the point the chains enter the ferry, comprising
both a horizontal (x) and lateral (y) force

e Thechain is defined as possessing two ‘spans’. Span 1 is the length of chain between West Cowes
and the ferry, span 2 is the length of chain between East Cowes and the ferry.

e Each chain span is assumed to be under tension

e The difference in the x-component of tension between the two chain spans is equal to the
resistance of the vessel.

e The sum of the y-component of tension in the chains at the point at which they enter the vessel is
equal to the sideforce acting upon the vessel.

e The chains are assumed to behave as catenaries in the x-z plane under the influence of gravity,
and also in the x-y plane under the influence of the lateral current, when present.
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e The vessel is permitted to deviate laterally from its intended path (or ‘track’), but is not permitted
to yaw

e Where the chain is resting upon the river bed, it is assumed that at the touchdown point the
horizontal gradient of the chain will match the horizontal gradient of the river bed.

e The lateral current is assumed to be uniform, and to extend fully to the river bed

e The chain is assumed to be free to move laterally on the river bed, and the effect of friction is not
modelled

3.2 Algorithm

The chain program first solves the equation system for the theoretical scenario in which there is no
river bed and the chains are allowed to hang unimpeded. If it is determined that the chain would hang
below the river bed the chain program then undertakes an iterative procedure to determine the shape
of the chain whilst part resting on the river bed. This involves seeking the solution where the chain
leaves the river bed at the same angle to the horizontal as the river bed itself.

The chain shape solutions are statically indeterminate, hence in order to solve the system of equations
‘searching’ functions, such as the secant method, are employed. If no physical solution is possible,
for example if the chain length specified is too long to hang as a catenary but instead pools on the
floor, the program may not find a solution.

3.3 Inputs

The chain program requires a number of inputs, some which are intended to be varied by the user and
some which are required to model the problem in hand but are not expected to be changed.

3.3.1 User variable inputs

Vessel location along route (measured from West Cowes)
Vessel direction (i.e. West to East or vice versa)

Lateral current speed

Lateral wind speed

Forwards speed of ferry

Total chain length

Tide height above datum

Chain density

Chain volume per unit length

Chain drag coefficient

Width of chain (n.b. ‘bar diameter’ not total chain diameter)
Logical switch to ‘fix’ lateral deflection to user specified value

3.3.2 Problem specific constant inputs

Horizontal distance between East and West chain tether points

Horizontal distance between chain exit points on vessel

Vertical distance above the waterline of the chain exit points on the vessel

Number of chains

Reference drag areas (aerodynamic and hydrodynamic) at 2 knots forward speed and zero
leeway
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e Reference drag area at maximum wind/current speed condition
e River bed elevation profile

3.3.3 Hydrodynamic and Aerodynamic Forces

The hydrodynamic and aerodynamic forces acting upon the vessel were predicted by conducting
computational fluid dynamics (CFD), employing a 3D CAD model generated from the 2D drawings
supplied by IOWC. Forces were predicted for two conditions:

1. The design forwards boat speed in the absence of lateral wind or current
2. The design forwards boat speed in the presence of the maximum lateral wind speed and
current

Two CFD solvers were used to determine the required forces. A single-phase solver was used to
conduct simulations of the vessel above the waterline to provide the aerodynamic windage (Figure 5.
A hydrodynamic solver modelling the free-surface was used to conduct simulations of the hull only,
in order to provide the hydrodynamic resistance and current forces (Figure 6). Results for the
simulations are provided in Table 2.

It should be noted that whilst the chain shape tool is able to scale force data from the CFD simulations
to estimate forces for intermediate conditions, the forces are only strictly valid for the conditions
simulated.

Forwards | Current | Wind | Hydrodynamic | Aerodynamic | Hydrodynamic | Aerodynamic
Speed Speed | Speed Drag Drag Sideforce Sideforce
(kts) (kts) (kts) (kN) (kN) (kN) (kN)
2.0 2.0 0.0 1.21 0.00 0.00 0.00
2.0 1.8 34.0 1.64 0.03 28.41 36.17

Table 2 Hydrodynamic and aerodynamic forces on the ferry as predicted by CFD

3.4 River bed topology

The river bed topology was determined by importing the file ‘Chain Extension Report Rev A
BCTQ.pdf* into CAD software and exporting the river bed as a series of elevation points. The
distance between the East and West Cowes chain tether points was estimated by cross referencing
drawings contained in the file ‘WLS.PTR.8.REV A.pdf .
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4 RESULTS AND DISCUSSION

4.1 Nomenclature
The lateral deflection of the ferry from its intended path is denoted Ay.

The chain tension (T) is defined as the horizontal tension in the chain at the apex (i.e. the lowest part
of the chain). The chain tension at a point vertically higher on the chain will be greater, due to the
weight of the chain below, however the horizontal component will be constant across the span and
equal to this reference tension.

The chain tension in span 1 is denoted T1, the chain tension in span 2 is denoted T2. If the ferry is
not in motion the tension both spans is equal, and denoted T.

The horizontal span for which the chain lies 1.5m below the water is provided and denoted L1 and
L2 for span 1 and span 2 respectively.
4.2 Flow scenarios

Three flow scenarios have been considered, defined in Table 3. The principal performance metric is
the lateral deflection in scenario 2.

Scenario Vessel Position Tide Height | Boat Speed | Current Speed | Wind Speed
(kts) (kts) (kts)
1 Survey 14-4 West 2.4m 0 34 34
2 Mid-span 2.4m 2 3.89 34
3 In dock at West Cowes 2.4m 0 3.89 34

Table 3 Scenario definitions

4.3 Comparison to reported observations

The results from the chain shape prediction program have been compared to reported observations.
Document “178005 IoWC Chain Assessment” provides survey data for a ferry position with midships
nominally 36m from West Cowes (denoted survey 14-4 West). The document specifies a maximum
current of 3.4 knots and a wind speed of 34 knots, and under these conditions the ferry is laterally
deflected by approx. 6.9m at the midships, and the maximum chain deflection is approx. 10m.

The chain shape tool has been used to predict the chain behaviour under these conditions, as a function
of chain length (Table 4, Figure 7). This table also includes the horizontal (i.e. Xy plane) angle the
chain makes to the vessel at the West side of the vessel, and the vertical (i.e. xz plane) angle the chain
makes to the vessel at the East side. The results suggest that deflections comparable to the survey are
observed for relatively short chain lengths, e.g. 167.5m. It is also noted that the chain tension is
significantly higher (more than double) than that determined by document 178005. The total sideforce
acting on the ferry used within this report is approx. 57.8kN (obtained by scaling the results in Table
2), which is larger than to that reported in document 178005 (approx.. 52kN), and furthermore in the
chain shape model used here the sideforce is balanced almost entirely by the West-most chain span;
the East chain leaves the vessel at a very shallow angle, and hence does not contribute to the restoring
sideforce. This means that the lateral tension is shared between only two chains, whereas document
178005 assumes the tension is shared between four chains, accounting for the observed increase in
chain tension.
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It is also noted that the predicted chain tension exceeds the amount required to lift the counter weights
in the East Cowes chain pits (estimated at 34kN). Possible reasons why the chain tension may be
predicted to be higher than reality are suggested:

e In reality the ferry is able to yaw, and was observed to do so during the tidal survey. This will
reduce the lateral sideforce due to both aerodynamic and hydrodynamic loading, and hence reduce
the predicted chain tension.

e The maximum current reported by the harbourmaster was 3.4kts, however the current will
decrease in proximity to the river bed and also in proximity to the river shore. It therefore seems
feasible that the current velocity experienced by the ferry may have been lower than the peak
value observed.

e The provenance of the wind speed specified in the report is not declared (e.g. where/when it was
recorded, or assumed). In the absence of this information the wind speed is taken at face value,
however even a modest reduction in wind speed may significantly affect the chain tension.

e The counterweight system likely possesses significant frictional resistance to motion due to the
submerged chain path and its age.

To put the dependency upon wind/loading into context, for the 167.5m chain length case, if the current
and wind speed are both reduced by 37% the predicted chain tension reduces to 34kN.

Despite the comparatively high predicted chain tension, a chain length of 167.5m was used for all
subsequent calculations in this report (unless otherwise stated). This is a pragmatic choice made
principally because this chain length yields similar magnitude lateral deflections to the reported
observations, and considering the presence of uncertainties in the survey conditions.

Chain Length T Horiz. Theta | Vert. Theta Ay L1D>1.5m | L2 D>1.5m
(m) (kN) (deg) (deg) (m) (m) (m)
167.5 76.4 223 6.5 8.5 0.0 60.0
170 51.9 32.8 9.1 12.6 0.0 67.7
175 35.5 48.0 143 18.5 0.0 72.6
180 28.2 60.4 19.1 234 0.0 74.7

Table 4 Chain shape prediction results for Survey 14-4 conditions (scenario 1)

4.4  Effect of varying chain length

IOWC have indicated that a chain length of 185m was ordered for the ferry, however it is not known
what length is deployed between the tether points and/or what length lies within the chain pits.

The effect of varying chain length from 167.5m to 185m has been investigated for the maximum
wind/current load condition, scenario 2 (Table 5). Results for a 167.5m and 175m long chain are
plotted graphically in Figure 8 and Figure 9. Both the lateral deflection and vertical chain clearance
are strongly dependent upon the chain length. The lateral deflection increases with increasing chain
length, which is undesirable, however the chain clearance increases with increasing chain length.

Under this onerous maximum side current/wind condition the chain sideforce is approximately 80%
of the chain weight, and the chain does not contact the river bed for the majority of the span. As the
chain length is increased, the vessel experiences more lateral deflection, the horizontal chain angle
increases and less tension is required within the chain to balance the sideforce. Only at 185m length
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does the chain depth fall 1.5m below the waterline, however the lateral deflection is very large for
this condition.

The lateral deflections predicted by the chain shape tool may seem large at first consideration, but are
put into context by considering the maximum deflection achievable if the chain were to be pulled taut
at the mid span. Such deflections may be calculated using Pythagoras (Table 6), and in the context of
these values the predicted deflections appear reasonable.

Chain Length T1 T2 Ay L1 D>1.5m L2 D>1.5m
(m) (kN) (kN) (m) (m) (m)
167.5 112.5 113.4 12.8 0.0 0.0
170 79.3 80.2 18.2 0.0 0.0
175 55.9 56.9 259 0.0 0.0
180 45.3 46.2 32.2 0.0 0.0

Table 5 Chain shape prediction results for scenario 2 using various chain lengths

Chain Length Horizontal Span | Maximum possible deflection at
mid-span (via Pythagoras)
(m) (m) (m)
165.5 165 6.4
166 165 9.1
167.5 165 14.4
170 165 20.5
175 165 29.2
180 165 36.0

Table 6 Maximum chain deflection at the mid-span as a function of chain length, assuming a taut/triangular
deformation

4.5 Effect of increasing water depth

The effect of increasing water depth is investigated by varying the tide height relative to the bed
topology. This is also equivalent to increasing the water depth by dredging the river bed. Due to the
strong current/sideforce condition the chain does not touch the river bed (except where it lies above
the waterline) and hence increasing the water depth does not materially affect the results (Table 7,
Figure 10).

Analysis of conditions with reduced sideforce (not included here) suggests that, for situations where
the chain part rests on the river bed, increasing the water depth will reduce lateral deflection slightly.
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Tide Height | T1 T2 Ay | L1D>1.5m | L2D>1.5m
(m) (kN) | (kN) | (m) (m) (m)
4.3 1114 | 1124 | 129 0.0 0.0
3.4 111.7 | 112.6 | 12.9 0.0 0.0
2.4 112.5 | 1134 | 12.8 0.0 0.0
1.5 