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" EXECUTIVE SUMMARY

01 Gujarat Maritime Board (GMB) appointed the consortium of Beckett Rankine Partnership,
' Kashec and Ray Infrastructure to conduct the detaited study report of five potential terminals
for operation of a passenger cum ro-ro ferry service in the Gulf of Cambay.

A

02 This draft final report contams the fndmgs of th!s project. This maln report volume contains a

B descnptuon of the work carried out and highlights the key aSpects of the study. The separate
volumes of appendlces contain the design drawmgs for the terminals together with the data on
which thgse d_es,lgns are,based This tncludes the topographic, hydrographic, geotechnical and
hydraulic_'site invéstigaﬁons-that were carried out for this project.

'As the Fo-ro concept is reiatively new to india, we have included a section relating to the
mternational practice for this type of ferry service, Examples have been included to
demonstrate how effective these ferries have become at other locations.

Th,ree_site_é were designated by GMB askferry ferminals at the start of the project, namely
Déhéj, 'G'ogha and Suvali, Ferry terminals have been designed for these locations as part of
this study A further two sites, at Jafrabad and: Pipavav were identified as possible locations.
The relative merits of these sites have been studied and as a result it is suggested that a ro~ro
terminal will, in due course, be developed at .the Port of Pipavav.

leely ferry routes have been examined and indicative costmgs have been attributed to the
provision and operation of share facilities and the ferres themselves. A mathematical model
has been run to smulate the ‘numbers of users for the ferry service, based on origin-
destmatton data collected for GMB before the start of the study. A ferry route linking to Mumbai
has been mcluded but consideration of termrnal facilities is outside the scope of this study.

0.6 Attempts have been made to defray the costs of terminal development by attracting joint
venture partners who would utilise part of the marine infrastructure, |

07  Saurashtra Cement has been identified as a joint venture partner for the terminal at Dahej. A
jetty is to be constructed so that cement can be imported at the terminal,

 Beckett Rarkine Partnership
‘Kashec
Ray Infrastructure
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0.8  No joint venture partner has been found for Gogha.

0.9 The position at Suvali is complex because of other port developments at that site, in partic
the proposed LNG terminal for which Shell have been awarded the concession. The f

terminal has been designed to fitin as part of the overail port development.

T_his report concludes that:

¥
g

There is a potential demand for ferry services across the Gulf of Cambay.

Revenues generated from the single ferry service between Gogha and Dahej will 1
support the ¢o_nstruction cost of the terminals.

- A ferry service between Gogha and Suvali is the best ferry route between the thn

terminals, but, although returning an operating profit, may not support the full costs
the terminals.

The best prospect for a successful ferry service is to develop a network that include

links to Mumbai and Pipavav.

The Suvali terminal is crilical to the creation of any ferry service and needs to he ¢
integral part of any port developed at Hazira.

Private sector ferry operators will only become interested in this project if som
Govermnmental controls are relaxed.

-

Ferry. operators with intemnational experience will..be..needed for the successf

e

‘dperation of a ferry service in the difficult waters of the Gulf of Camicay.

AT B 3R PRy

\'\"ﬂ'w...._.,m,._m " MWWW:MW
T o e g R RS

Water depth at the terminal at Dahej and in the approach channel is likely fo t
affected by the construction of the Petronet LNG terminal,

Effective designs have been prepared for the ferry terminals. However some aspec

 could be refined through quél*testi'hg which was outside the scbpe of this study.

| GMBExecSum - revised 27/04/01 1 Beckeit Rankine Partnersh

Kashec
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1.1

EER)

1.2

* INTRODUCTION

Terms of Reference

‘The Gujarat Maritime Board (GMB) is planning the introduction of a network of ferry services
and around the Guif of Cambay, In this first stage, up to four terminals are to be constructed
selected locations on the east and west coasts of the Guif.

The ferry network is intended to speed up travel within southern Gujarat and betwe:
-Saurashtra and south Gujarat and at the same time relieve congestion on the state highwa:

“around the Gulf._ Ferries will link the four terminals and there will in addition be a link

Mumbai.'Fuﬂher-eg_(pansion wiil deveiop routes serving destinations further south in India wit
the possibliity of international routes to the Gulf States to the west

There have been previous 'attempts to set up ferry services across the Gulf, but for variou
reasons none of these has been successful, and indeed only one actually resulted in a

- operational fefry service. Some facilities were constructed at Gogha and Dahej but are no
~suitable for incorporation in the present development proposals; facilities at Pipavav were
“never brought into service and have subsequently collapsed. The reason for the lack ©

success is explained by previous studies, confirmed by our own, which have shown that the

“initial costs of canstructing the terminals and infrastructure and commissioning the ferries are
- higher than can be supporied by revenues during the development stage of the service. We

have therefore looked for additional sources of ﬁnance'by seeking joint venture partners tc
'share the costs of terminal construction; in addition, we understand that the State Governmen
‘will support the venture on the basis that it will offer social value.

The Terms of Reference issued on 7% June 1996 require the _s_tg_c_iijnd design of fern

'termina__is at Gogha, Dahej, Suvali and Pipavav/Jafrabad, together with supervision of

‘construction in respect of Gogha, Dahej and Suvali. Operational and economic studies are

also included.

Eollowing assessment of fenders for the study, the contract was awarded in August 1997 to a

~ consortium comprising:

e  The Beckett Rankine Partnership, London, UK
¢ Kashec, Royston,UK (including Indian subsidiary Kasheg, Pune}
- » Ray Consuitants, Baroda, India (subsequently renamed Ray infrastructure)

VePhoto-revised 280401 - 1 : Beckett Rankine Partnership

. Kashec
~ Ray Infrastructure
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116 This project is divided into five tasks:

‘Task One - Site Selection

Selection of specific sites within the broad geographic locations. In_particular a

' N/ K target depth of 5m is required to be available at all times.
L : - ——— —_—

Task Two - Development Plan

Studies are undertaken at the detailed sites and aiternative layouts, and forms of
construction are evaluated. A preférred.léyout and design is selected

Following selection of a preferred design, detailed design is undertaken and

e T

documentation is-drawn up for tendering.
SN e a s

- Task Three - Techno-Economic Study

A Techno-Economic study is made to consider the operation of the terminals in
conjunction with an economic assessment of the ferry operations.

Task Four'- Ferry Qperations .

In this task, operational issues relating to the ferries are considered with an

emphasis on safety and contractual aspects.

ng Five - Supervisioh.of ConéLr_LLcﬁon

This task inclu_dés' the tendering process and selection of preferred contractor(s).
Supervision of the work on site wul_be the principal activity and this will include
“ongoing ‘administration of the construction contracts. This task will alse include

training of terminal operatingfs'téff.

: 'J1_.1.7 This're'pbrtiis the third to be submitted. for the project and draws together and builds on the
co_nclusiohs reached in the first report (the Progress Report of September 1997) and the
segbnd report (the Interim Report of April 1998). A Final Report will be submitted after review

of this report.

L 'GMBC1VE Photo ~ fevised 2604101 2 Beckstt Rankine Partnership
‘ ‘ Kashec
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1.2 ° Ferries, Ro-Ro and Application to Gulf of Cambay

Ferries
1‘."2.1 Goods and passengers are )
| transported from one shore to
- another by ferry boats in ma'_ny. '_ | ' . ‘
parts of the world. This is an Lt i s g AN
Cactivity that has continued fro'm _ ) g
early times from paddle and

‘wind ‘assisted vessels, evolving |
gradually through the ages to the
sleek high performance vessels

of the modern era. ' ' ' " An Early Passenger Ferry

The,esse_nti'a!'."_fé_q_a.f:irer"‘kfién.t ._er:'a"ferry service to exist is a water crossing, whether this is a
river, estuary, gulf or sea: This crossing is usually reasonably short-with a duration timed in
minutes or hours rather than days. For the ferry service to be successful it must be either
cheaper or quickef than an alternative means of transport or preferably both of these. This is
relatively easy to achieve in the case of sea crossings or inter [sland transport. Howeverwhen
crossing an estuary or a Gulf the alterhative of driving around the head of the iniet must always

“be considered. -

123 Nowadays there are many
types of ferry to consider, as
set out else_whefe in this report.
‘The three principal categories
are passenger only, passenger
combined w:th frelght and"'_
”frelght only

.....

Y en)

Ulysses - The largest Ro-Pax Ferry in 2001

‘Beckett Rankine Partnership

Kashec
Ray Infrastructure
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124

Ro-Ro

Roll-on, roli-off (or Ro-Ro) ferries are special vessels onto which vehicles can drive and be
accommodated for the sea journey on special vehicle decks within the vessel. These ferries

often have significant accommodation for passengers and will carry cars, trucks, buses or

trailers to - their destination
together with the drivers and
passengers. Some ro-ro ferries
are freight = only carrying
unaccompanied trailers,
cdh_taihérs or other types of
freight. |

Ro-Ro fernes ‘have developed.,.'

from m:lltary vessels such as ' LST In Action During Wortd War I
Iandrng craft and the LST

(Landlng Shlp Tank) from the Second World War These were used with great success fo
land tanks and other military vehicles on enemy shores with temporary harbours or directly
onto beaches where no harbours existed.

Following the end of the war in 1945 some of these LST's were used as commercial ferries.
The world's first purpose | built

commercial ro-ro _véssel, Bardic | ) -

Ferry, was fabricated in Scotland | "\ r

in the 1950’s and put into service o s
on the Preston_to Lame route
between England and Northem
ige_!gnd.. This vessel could carry
lofﬁes. '_b_uses a'r}d éven- tanks

should a milifary emergency Bardic erry

arise.

Since then ro-ro ferries have become ever more sophisticated with owners constantly striving
for greater efficiencies and improved quality of service. The principal driver for the

: development of ro-ro vesse!s has been the Enghsh Channel w:th a multitude of ferry routes

[ S

GMBC1VS Photo - ravised 26104101 4
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linking the UK with the ports of northern France, Belgium and Holland. Untit the channel tunnel

prot' itable onthese routes Scand:navra has also tradltlonally had an extenswe route network
across the Baltic Sea and recently there has been a considerable development of the ferry

links between UK an Ireland across the Irish Sea.

 Types of Ro-Ro

8. There are several quite distinct types of ro-ro services that currently operate on the world's
shipping lanes. Each has its own dedicated class of vessel to enable efficient operation for the

designated purpose

ggg =I_err!es that have traditionally been operated at many ports have been developed and
refi ned over the years and are now referred to aﬂgﬂr_@g‘urﬁ a combination of
accommodatlon for (car and truck) ro-ro together with passengers. During the last five years
we have seen the introduction of new fast ro-ro ferries. Initially these vessels were introduced
as passenger ferries with a car deck evolutlon continued with the additional capablllty of

carrying coaches and now some fast fernes__transport trucks as well.

fl_.2.10 In addition to the most commonly conceived notion of ro-ro vessels transporting road going
' cars and trucks, the ro-ro mode o -
of shipping can also be an ' |

efficient means of handlmg
palletised cargoes as well as
being a competitive system for
transporting containers. It is
clearlyy more flexible than

conventional shipping in so far
as units of almost any size can
be ‘loaded together and loaded

quickly. Another advantage over ’ B ncompahled Trailers discharging from Ro-Ro Vessel
ift-on, liftoff is the lack of need o

for sophisticated ports with container cranes. @_—_r_o__e_hips require berthing dolphins to moor
agamst and pontoon with bridge or linkspan to the shore In many places it is even possible to

Iease most of the shore equlpment

. GMBO1VS Photo = revised 260401 - 5 Beckett Rankine Partnership
o ' Kashec
Ray Infrastructure




Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

-1.2.11 In recent years more and more commodities have been containerised in most parts of the
| world and many ports have constructed specialised berths with ship-to-shore container gantry
cranes. With the cost of large ro-ro vesseéls approaching 50% .more than an equivalent
container ship, deep sea shipping operators have a clear preference for container vessels

rather than ro-ro. However for short sea operation the sr_tuatlen is dlfferent wrth the speed and

| ﬂexlbthty of ro-ro giving this mode a benefit, part‘r'cula rly where the there is a large volume of
"diverse cargoes This can be carned efficiently in relatively small ro-ro vessels.

1.2.12 Ro-ro traffic includes all cargoes.
i that can be wheeled on and off a
e T S i

ship,' either under its own power

"wrth a: dnver (accompanied

frelght) or as a tr trarler by itself
(unaccompanled) In:-a ve[l;ujc;rr
of unaccompanied freight cargo
is placed on low 'MAFI' trailers
which are not road going. .MAFI
trailers can carry containers up

to 2 hi_ghr palletised cargo or " Loading Freight Ro-Ro at Night including 2-high containers
anything else. These trailers

T e TR g R

remam at the [C-I0 V vessel for the sea crossmg and are then dlscharged by tractor UnliS at the

Tm——— e ———— e e e i i e s

destmatron

[

1213 In a further variation of the ro-ro -

o system, cargo is taken off the
trailer once inside the ship _ah_d |
block stowed on the deck, ‘This
s called Sto-Ro  and is
principally used for forest
products.

Requirements for Ro-Ro - - _ — —

- : : . L e

Cargo Stowed on a Ro-Ro Ferry Deck

1 2 14 The essbnce of a ro-ro service is
~that it prowdes an extension of the road system. Quick turnaround is essentlal and close

proximity to a twin lane highway is highly desirable.

Beckett Rankine Partnership
-Kashec
Ray Infrastructure
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anafat Maritime Board. ) Ro-Ro Ferry Service in the Guif of Cambay

For a ro-ro ferry service to operate effi c:ently and successfully |t is necessary to have:

JERIPRIN

-~

\/ :- Sw-ro vessels of suitable types;

« Shore terminals with appropriate facilities;

-

/ . Efﬁcient and straightforward operating pr_ocedures.

" Ro-Ro Vessels

.']1{}.4'2..15 Purpose built ro-ro vessels have a watertight door in either the bow or stern which is capable
"~ of opening to form a ramp for vehicles to drive in and out of the vessel. The hold of the vessel
comprises a series of decks for vehicles to park with sloped roadways or elevators to enable
vehicle access to the upper and lower decks. The 5|ze and layout of crew and passenger

accommodatlon is dependent on the reqmrements for any particular route and can range from

T modest to extenswe W|th several Iounges restaurants shops and cabins on popular Ionger

e e i =

Pt
' destlnatlon routmgs

Faai

Shore Terminals

1'.“2.16 Shore terminals for ro-ro vessels are rather different to conventional ports. Ft\_!fxﬂany a safe
and sheitered. berth is required for the ferry. A ramp is needed to link between th;;ee—eEt;—s
vehicle deck and the shore jetty or dockside. This ramp of often called a linkspan and it has to
accommodate both the Various deck levels on different vessels as'well as the varying sea
levels for different states of the tide. The ship's ramp rests on the linkspan while vehicles are
driven between ship and shore Most ro-ro vessels are reasonably shallow drafted with many
ports able to operate with depths of Sm while even the largest ro-ro ferries have a draft of only

about 9m.
P e

1:2.17 A considerable amount of paved land is required at the shore terminal. Unlike a container or .
bull? port ‘where the 'berth capacity is [arg_ely dictated by the speed of the cargo handling
equipment, a ro-ro berth’s capacity is dictated by the supporting land area. Ro-ro berths can
be hugely land hungry particularly if the cargo has a long dwell time in the port as can happen,
for example with trade cars.

‘ GMBC1VS Phota ~ revised 26/04/0F 7 Beckett Rankine Partnershlp
- . e “Kashec -
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" Operafions - . —.. .. - , o .
1218 'Seccessful ro-ro ferries services are operated with great efficiency, usually by private sector
" companies. The important elements to the efficiency are:

" Fastturnaround at the berth with vehicles unloaded and joaded quickly and rapid

servicing with fuel and prows:ons )
e The thangys. f,,f Ff(‘fV/d/ arre AWl e H o™ MC& ' viable
» Aregular and well published time table of sailing that is closely adhered to; ga_édqy/ ),gmsd»,
e Govrvd NKamoeyemeent operedi v witte oyani~ epficiet e /«

« Nointerference to schedules by unnecessary official procedures, - &4 foue elrarance
oyt dwm re thy.

1, 2 19 These ferry services will be well patromsed if they provide a transport service that delivers
L cargo and passengers more: qulckly from ongm to destmatlon than any alternative. For any
s ferry route. it is therefore essentlal 0.Cons |'e::.the.a[temat|y _means of transport between the

- start end il nish of the desired route, This companson is especially relevant when there is a

© road system’ making it possible to dnve between origin and destination, as opposed to the case
of connection to an island where the alternative would be other shipping routes or-by alr

1.2:20 Th The.cost to the user is also an important factor that influences the success of a ferry service.
Clearly these costs have to be in line with alternatives — thls means a lower cost u. unless there

is a specific reason that a. premlum can be charged

o A e e e At ST

1.2.21 Ferry companies operate ferries on specific routes with the objective of making a commercial
profit. Fares that are charged have to reflect the operating costs with an appropriate premium
which will depend on their commercial risk. The basic fare prices can be augmented by sales
of food and drink etc both on board the vessels and at the terminals. In recent years the

_ fernes on the English Channel have generated consuderable profits for the' shipping companies '
WI With a change i regulations on taxation, duty-free is now
not applicable and ferry operators have had to _co_nsohdate to stay profitable with the added
competition from the channel tunnel. ‘

Safety |

1.2.22 The safety of passengers and crew on a ro-ro vessel is of paramount importance. With correct

- procedures the vessels can be operated safely. However, there have been some tragic

SMBG1VS Photo ~ revised 28404/01 - 8 Beckett Rankine Partnership
Kashec
Ray Infrastructure




Guijarat Maritime Board _ Ro-Ro Ferry Service in.the Guif of Cambay

accidents which demonstrate the inherent instability of ro-ro vessels when water is permitted to
flood the vehicle decks. Similarly, the ship to shore linkspans and access bridges are used
safely every day at.dozens of ports around the world, But, again, there have been accidents,

' '+ resulting from a failure in design and construction of critical support elements.

_Examples of Ro-Ro Services Currently in Operation

. A

_ 1 '.2.23 ‘With.an increasing number of ro-ro terminals coming into use and an ever-increasing capacity
in the international ro-ro fleet, it is interesting to Iook at some examples of how th[s system is
utiised successfully elsewhere in
the world.

\/ Dover

| 1 2 24 Dover is the UK's top port in terms
of Ro-Ro cargo: with ‘an annual

throughput of 1,7m units (13.0mt).
This compares with' approximate

figures for the UK's container - ©* The Ro-Ro Ferry Port of Dover, UK

ports at Felixstowe 2.2m_units
(31.5mt), Southampton 0.49m units (6.00mt) and 0.34m units at Tilbury.

| 25 A sig_hiﬁcant amount of cars and passengers travel through Dover with annual levels of 18.2m

“passengers and 3.0m cars,

26 The pWas 8 ro-ro berths-handling 67 ships. per_dwm.gg g linking_ 1o the
= c'ontmental ports of Calais, Ostend and Zeebrugge. Operations continue for 24 hours per day
: _.an_d_ there is typ_lcally a sailing from Dover to Ca!als__every 30 minutes at.peak period during the

day.

1 2 27 The berths at. Dover have an alongsude depth of 56 ~80mto accommodate the- iargest

vessels The spring tidal range is 5. om.

_ \/ - Thames Europort

GMEGHVS Photo - revised 2604101 - 9 Beckett Rankine Partnership
i _ Kashec
‘Ray Infrasiructure
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1 2 28 Thns is one-of the main ro-ro ferry terminals serving London and it is located at Dartford in the

1."2_':'2‘9 The terminal has two 200m long

1230 There -are 37 Acres of paved

- dep_thslof 10.5m on a tidal range
‘of 6.0m.  Dedicated ro-ro
~ vessels service:two daily sailings

- s_{'ailing to Zsebrug'ge.

Thames Estuary. This terminal exclusively operates freight services such as trucks, trailers
_(accompamed-and unaccompanied) and containers. The only passengers are truck drivers.

berths with minimum  water

to 'Viissingsn and three daily

termmal marked- out for 1,600

trailer slots and container points. Thames Europort Ro-Re Terminal at Dartford, London, UK

‘There is also a hazardous cargo

e b AT T,

area, covered transhipment area and engmeermg workshop. 24 hours customs and security is

| prov:ded wnth computerised trailer tracking and customs clearance system

1:2:31

' lmkmg to Belfast Dublin and Isle
~of Man. Tre curent snnul.

. 260,000 trucks and other units
T '

.1-,2’.3'2Each of the three berths have _ ‘
-linkspans ~ of different ) Three Ro-Ro Berths at Heysham, UK

o
———

R ———— )

Heysham ' 4 /.57/ vl

The.Port of He sham is one of the main ferry. terminals linking England w:th Irefand on the fast

growmg Irish Sea sector. Heysham has become the second largest ro-ro ferry port in the UK
A mix of frelght passengers and cars pass through this termma[ serviced by 5 ferry lines

Al - fellS
g“ L

e
ﬂ

5 Aﬂ’hi\h

making a total of over 4m tonnes

per annum.
y..-_——-'M

" construction type one utilizing a
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ritime Board Ro-Ro Ferry Service in the Guif of Cambay

ntoon, the second a hoisted truss bridge while the third has an integral bridge and flotation
it. These are designed to accommodate vessels up to 135m long with a minimum water
pth of 5 m on a spring tidal ' '
1ge of 8.6 m.

uthampton ~  Oporto _and

ngier

new ro-ro ferry service has
ently started  operation
tween Southampton on the .
uth coast of UK, Operto in

'"-UQal and Tangler n Freight Ro-Ro Vessel on Southampton to Tangier Route
rocco, North Africa. This is a

ight only service set up to compete with the alternative of driving over 2,000 km through
ance and Spain with two ferry crossings of the English Channel and Straits of Gibraltar.

¢ benefits of this service are perceived to be:

o Cost - it provides a cheaper alternative to road transport.
s A way of avoiding the weekend truck driving ban in France.
¢ The ability to carry over height vehicles that would not be permitted on public roads.

e Better secy rity for the freight vehicles.
-Ro in_India

ere have been some attempts to introduce ro-ro ferry services to India but as yet no
nificant ferry service has been established. A linkspan berth was constructed at Mumbai
rt Trust but this has now been removed. Also a linkspan was constructed at Pipavav Port

t this collapsed before being used.

ecial heavy cargoes are transported by ro-ro, for example by Lars_en and Toubro at Hazira,
d some ports in India have a ro-ro ramp which is used from time to time.

Beckett Rankine Partnership
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Gujarat Maritime Board e Ro-Ro Ferry Service in the Gulf of Cambay

1.2.37 "Th_e successful operation of a ro-ro ferry service i§ a specialist activity and needs considerable

skill and experience if it is to be efficient. Wlth little or no experience within Indla it wrll be
necessary to utrhse international orgamsatrons who have the experience from. operatrng '

[apii 4 Aar STETE

elsewmrl the wortd With current cabotage regu!atrons making it impossible for foreign

i shlpplng lines to ply domestlc Indian routes it will clearly be necessary for a ferry service to be
operated on the basis of an Indian and international joint -venture.

- Ro-Ro in the Guif of Camp__y o

L ———— A
P

' 1.2'.38 The Gulf of Cambay is a diffiqult location_for a ro-ro ferry ww,itself, The tidal
O _/—M LP— ru M

———

range is considerable making the construction of facilities for al-tide access rather more
expensrve than for most coastilnes_ To keep the costs down to reasonable levels it would be
possible to construct the berths in marginally shallower water and make use of the higher tide
levels. This would mean adopting a tidal, rather than a time based, sailing schedule.
However, this is not usually attractive to ferry operators who like to publish a simple timetable

because many truck drivers may not understand the complexities of tidal variations.

e S— R

, water tocatron This in ltsetf makes the port infrastructure necessary for accommodating and

servmg the vessels unusually high. While it is possible to take steps to minimise these costs,
as eluded to later in this report, it should be remembered that the natural condrtrons are not as

e t—

1 2 39 Twmons in the Gulf of Cambay are exposed with I|ttteWtectlon at deep

Qe o i e ——

conducive as at many other ferry termlnals around the world
r__f‘-‘w—\*:;_‘_,.'——\‘___‘m_,, . S ,«""‘"""

-1.2.40 Ferry services across the Gulf of C \___’y..‘are also at a dlsadvantage compared wrth many

SO S )
bV S S e e T R}

ferry routes because there is an alternatrve Despite the poor roads in the region it is
nonetheless qurte possrblwe“ to drive around the head of the Gulf. With a competrng ferry
service and road route, market forces will determrne which is most cost effective and the time
factor will be determined, to an extent, by congestion on the road. Ironically as the authorities
improve the road system there wil be a greater aftraction to using the roads rather than the

ferry service. If there is not enough traff c usmg the ferry sennce rt WI|| not remain in operation.

A g o g
T g e S i - o st e e T st ome——y

1.2.41 The Authorities are therefore in a posrtron to -control the economics of a ferry service across \

the Gulf of Cambay 1o a large extent through taxation and.the lmposrtlon of reguiations relatlng
to use of the roads around the Gulf Thrs is in addition to the factor of any harbour dues or

;;;;;;; o
R R N LT S R

other charges that the ferry operator or users will have to pay.
‘meﬂﬁwsvﬁmm@.,.-‘ M e S et P S Al A BT "
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Gujarat Maritime Board Ro-Re 'Ferry Service in the Gulf of Cambay

1.1 .42 ltis rtotoriously_ difficult to. predict the utilisation of a ferry service, particularly if it is a n_ew ferry

s atrap s el PR 7 e

T R it
EEEM iy

- servrce in-an area where. no such servrce has been operated in the past. Any private sector

P L O Rt

| ferry company will need' consrderable assurances and support from the Authorities if they are
[ to senouely consider setting up a new ro-ro ferry service in the Gulf of Cambay. A private ferry

company: will study the routes very carefully in an attempt to identify a. prot‘ table network. In
domg so they are likely to be attracted to the greater potential traffic volumes > moving k between

th_e cities of Surat and Bhavnagar ie through the ro-ro termrnals at Suvali and Gogha rather

SO _'_t an Dahej. which presently is at a relatively remote tocatron. if container volumes pick up at
Pipavav the possibility of linking Pipavav with Mumbai and even Dahej may become more

' attractive.

1.3 Qverview of Work Carried out in this Study,

1'-.3:.;_1 We have issued t\nro previous reports (the Progress Report of September 1997 and the Interim
o Report of April 1998) ahd-conduoted the Techno-Economic Study incorporatad in the Interim
Report. Each report has developed the proposals of the previous report, and this report deais
pfﬁk:tﬂ&tﬂ*«_’y_,vﬂm_tr_tgietai.ls of the development and takes the .SEQDETEIPW’?!TC’JR? ,sﬂta‘gﬁewwhmgugga
construction tenders may be invited.

TR, 200 bt SR £ F A

132 We have collated information principally from GMB, but also frortq other sources, and have

| developed a comprehensive understanding of the ground and marine conditions at each site.

We have also obtained information from other sources with regard to possible partnering
arrangements and parallel developments such as that at Suvali,

1.3.3 We have held meetings with prospective joint venture pariners in order to discuss their
| requirements in the event that they become involved in sharing the development of these
terminals. - We believe that a firm commitment is in place in respect of Dahej with Saurashtra
Cement Co. and that the terminal at Suvali wil be developed in oonjunctton‘with Shell's
provosed LNG terminal, B
| 134 The project methodology sets out five taeks comprising the project and progress against these
tasks is 'summarised_ below. It should be noted that in some respects proposals have been
constrained by 'economic- considerations and it has been necessary to modify some of the
aspiratiorrs of the original enquiry. This has resulted in additional work in revising designs at
all three terminals.

 GMBCHV Photo revised 26104101 13 Backett Rankine Partnership
Kashec
Ray Infrastructure



Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

| Task One - Site Selection

_ ~ - . We have considered a number of possible sites at each broad location. These have
been evalm_Jated in terms of suitability on operational and constructional grounds,
and a preferred lqc_é_l_tion chosen for the development. This task has been completed
for fhre‘ sites at préﬁav/Jafrabad;_"Gog'ha_'éhd Dahej. At Suvali it is proposed that the
ferry terminal sh'ouid be incorporated within a larger development, and a location
has been selected on the basis of the most recent proposals known to us.

In addition, we have considere_d the types of vessels which would be appropriate to
the ferry service in the Guif and have made enquiries as to the availability of
suitable vessels, Certain elements of this task relating to operational aspects are

considered under Task 4.

QOur studies have shown that some compromise is neéessary in respect of the 5m
target depth.

e

S S

Task Two - Development Plan

P[énning, both onshore and offshore, is complete in respect of Gogha and Dahej,
including, in the latter case, berth facilities for the joint venture pariner. Possible
partners were identified at Gogha, but interest has lapsed and so design is based

op;_f_e‘[[x_L&quirememg__,_gmw__i_t_t_lgu_t precluding development for a mgggg{g
partner.

Detailed design is substantially complete in respect of Gogha and Dahej. In the
case of Suvali, details of the proposed. overail development have only recently been
made avallable and outline design work has been undertaken; detailed designs
have been completed by adopting similar facilities to the other terminais.

Cost estimates have been prepared detailing the various components of the project
at each éite, and', where  appropriate, allowing for phased development
commensurate with traffic development; these have been used as the basis for the

| Techno-Economic study and its later supplement. Drawings have been prepared
and are included within this report,
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Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

Development at Pipavav will be carried out by Gujarat Pipavav Port Ltd and no
detailed work has been carried out as part of this study.

Task Three - Techno-Economic Study

This task had been completed as part of the Interim report. Since proposals, and
- consequently costs, have changed since then as new information has come to light,
a supplement-to the study has been prepaired and is included in the Report.

The Study shows that serwces from Gogha and Pipavav to Suvah are ltkely to be

. most attractlve commercially, butthat service to Mumba: should also be mcluded
Sy, T M > PRk Ly AT A

Task Four - Ferrv_Op_ratrons

This' task has been completed and is _incorporéted within this report. We have

considered safety conditions to be adopted by the ferry operators based on current

international safety standards. We have also highlighted points to be considered in

preparing the contract to be entered into by the ferry operators and reviewed the
~ operation of the 1952 Customs Act.

Tagk Five - Supervision of Construction

The design work included within this report is sufficient to allow tenders to be

- obtained, but construction supervision will not be undertaken until the project
receives the go-ahead. Detailed: proposals for this task are however contained
within thls report. We have also shown how training of Operatxonal personnel may
be achieved by secondment to existing undertakmgs '

1;3[5 Previous reports have discussed alternative locations and propdsals at each site, and these
| matters are not repeated in detail in this report. However all the data are included in
Appendices to this report. Here we discuss the detailed implementation of the preferred
options previously identified and develop those designs to a stage allowing tenders to be
sought ‘
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Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

1.4 Discussion of Underlying Concepts
141 In'uridertaking the planning and development of the project, we have found it necessary to
- review some of the basic concepts underlying the project and these are discussed below.

142 Whilst the study has found that a ferry service could operate successfully on a-network of
' routes connecting the terminals under consideraﬁon around the Gulf of Cambay, the operation
of this ferry service would not provide sufficient income to service the full capital costs of

" P r

constructing the ferry terminals.

st

14.3 In order to maximise the use of the facilities and spread costs joint venture partr;ers have been
: sought who would also make use of the new facilities fo'r berthir{g vessels and handling cargo
with direct connection to their own shore facility. However, there is a firm commitment only in
respect of Dahej, and expressions of interest in respect of Gogha have lapsed. The nature of
the dev_elopmsht at Suvali may discourage partnering arrangements, although considerable

. econdmic advantage will be gained by developing the terminal along with the LNG port.

1 4.4 The construction required to satiéfy the brief's requirement for unrestricted access to berths at
| the -5m contour is_disproportionate to the benefits of use and is unsupportable by the
developing ferry operation. This is particularly apparent at Gogha where the deep water,
contrary to initial expectations, is some 2km from the shore, requiring a long and expensive

approach jetty.

1.4.5 We have therefore proposed that the berths be placed in shallower water allowihg operation of
tidally constrained service from Gogha; this allows construction of a much shorter approach
jetty with berthing facilities closer to the shore. Althodgh less desirable this could be achieved
within the present financial limitations and provision would be included for expansion to the
unrestrained service by future construction of a longer approach jetty and a new berth in deep

water.

446 The development of the terminals at Suvali and Pipavav (aithough the latter is outside the
scope of this study) is important to the successful operation of a ferry service as is the
inclusion of Mumbai in the network of routes.

147 The amount of good quality, measured oceanographic information that is directly relevant to
the terminals is small considering the level of investment that is required for construction, and
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Gujarat Maritime Board _ : Ro-Ro Ferry Service in the Guif of Cambay

much of the mformataon has been derived from observations recorded at other locations in the

_ reglon We have extrapolated from this information to derive conditions at the terminal sites and

J o have developed designs which will not be unduly sensitive to local conditions should they vary.

| lt would however be prudent to undertake some model studies to enable a refinement of design

f_or various aspects in any case. The cost of these studies is likely to be considerably
odiweighed by construction cost savings which would arise from the refinement of the'designs.

Beckett Ranlkine Partnership
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Gujai‘atharitirh&a-'Bbard : Ro-Ro Ferry Service inthe Gulf of Cambay

2.0

2.1, -

2.1.1

2.1.2

213

" FERRY TERMINAL FACILITIES-COMMON FEATURES

Marine Facilities

Layout

- The ferry terminals at Gogha, Dahej and Suvali have been designed to facilitate the efficient
' ‘o'p'eration'of both roll-on, roli-off (ro-ro) and passenger ferries. A further terminal at Pipavav

forms part of the network, but the design of this is not part of this study A single ferry berth is

’prowded at each site capable of handllng all types of ferry vessels but principally the

combmedrro-ro and- passenger vessels which are expected to be the first vesssls to use the

“terminals. ‘An apprbach jetty is provided linking the berths to the shore allowihg vehicular and

pedestrian transfer between the shore terminal and the ferfies. The layouts and designs that
are shown in this and following chapters take account of the consultants’ accumulated

~experience and in particular draw on the recommendations given in international design
. manuals and review of work carried out at other terminals as shown in Chapter 1.2

The ferry berths are intended for use by vesselé operating on regular ferry services to other
terminals around the Gulif of Cambay and further afield, but the designs do not preclude use by
other vessels should that be appropriate. HoWever, in order to minimise'the} initial capital cost
attributable to the ferry service, separate berths sharing the approach jetty with the ferry traffic
may be provided for use by other shipping lines. At wmmwements

have alrea tified, an additional berth is provided for the joint venture partner and
the approach jetty containg prov:smn for his handling equipment.

]

Marine conditions in the Gulf make the construction of marine facilities difficult; ferry terminals
are made more complex by user requirements of high reliability and a regular timetable. Tidal,

'_..__.——

rrx;a;ne infrastructure around the Guff, Wam dominant in the upper Gulf_
at Gogha ancLDaha;Twhereas wave action is. more significant at Suvah and to a lesser extent
at Pipavav, which are nearer to the entrance of the Gulf. However, the berth at Suvali is now
expected to be sited within breakwaters, and wave action at the berth itself is unlikely to be a
controlling factor, With few existing faciﬁties, such as protected ship berths, a relatively high
level of investment in infrastructure will be required in order to initiate a \;iab_le ferry service.

| GMBC2VA- revised 25/04/01
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Gujarat M_ar_itima Board ' Ro-Ro Ferry Service in the Gulf of Cambay

214

2.‘3;6

2.7

'Ro-Bo-Berth

*Where possible the ro-ro berths are positioned in sufficiently deep water (5m depth at low
_ water) to-allow ro-ro vessels to have safe access to and from navigation channels at all states

of the fide. However at Gogha where the deep water is some 2 km from the shore, the cost of

e i ————r

i ,_j'the approach jetty would be unsupportable and the termrnaMszted in s shallower

Water with the acceptance of some tidal restriction on operatron Nonetheless, the termmat
can be extended seaward at some future date. At Dahej, the requ:red depth can be achieved
when sufficient dredging takes place.

The berths are aligned at an optimum on‘e'ntation to resist the prevailing sea generated loading

" conditions. The most significant in this respect will be current flow because this would be
. present, albeit at different velocities, for most of the time. It will also be necessary to consider
- storm wave attack. Since.the berths are being constructed in the open sea, a breakwater

protected area of sheltered water would be desirable. However financial constraints do not
permit this (except at Suvali where shelter is provided as part of a larger development) and a
lesser degr_ee of protection is provided. It should be borne in mind, however, that the sea

‘conditions are reasonably calm for much of the year and the additional protection afforded by a

breakwater would be of benefit at Gogha and Dahej for only a relatively small proportion of the

year at Suvah the monsoon waves are more restrictive and really a breakwater is essentral for

M
year round services.

Each terminal provides a berth for a single roéro vessel either alongside a jetty structure or
against discrete berthing dolphins. In all cases fenders are being provided to enable berthing
to take ptace in' most sea conditions without damaging either the vessel or the berth. Bollards
are being provided along the length of the berth for the vessel to tie up and remain safely
during loading and untoading operations. The layout of the berth is planned to suit the
Operatronal requirements of a wide range of ferry types. However, the requirements of ferry
operators vary consaderably and the ro-ro facilities are dessgned to suit the needs of specific
vessels where these have already been |dent|t"ed

Link_sgan

A link is necessary between the ferry and the fixed shore installation. in essence this is a
bridge supported at one end on the fixed jetty structure and at the other on the ferry or some
other structure allowing the level to vary with tide and ferry configuration. It is required to

GMBC2V4~ revised 25/04/01 19
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Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

provide for a single lane of traffic and be capable of carrying the heaviest vehicles which are

expe_ctéd to use the ferry. The slope of the link will vary according to the state of the tide and
- the vessel configuration, and the length of the bridge is chosen so that the gradient under

“normal conditions does not exceed 1:10 . A steeper siope will occur under rarely occurring

extreme low water conditions and wil generally be acceptable, but if is possible that operatidns
- could be suspended for short periods.

2.1.8 In practice, the ferry is not capable of supporting the weight of the bridge and the traffic on i,
' and the seaward end of the bridge must therefore be supported by other means. Typically the
“bridge rhay float on a 'pontoon or inbuilt buoyancy, or be supported from a fixed gantry with
some means of adjusting the level. The bridge itself will be steel to reduce weight and may

take any form, but will usually be a truss or box girder.

'2‘.1’.9_' Fixed support at the seaward end will result in the lightest bridge structure, but this will be at
the expense of a complex hoist system for controlling the level of the bridge. In general such a
system is only justified in the most intensively used facilities serving vessels without stern
ramps, and we have therefore chosen a buoyant system of support. Such as system will
require muich less maintenance. Such a system has the additional advantage that there is

" considerable degree of natural level control, and the consequence of any mechanical or
electrical failure is mﬁch less critical. It is -possible to provide support either in the form of a
separate pontoon, on which the outer end of the bridge rests, or provide buoyancy tanks within
an enlarged structure at the outer end of the bridge itself. We have opted for this latter solution

~ as being the most economic, the weight of the bridge with tank being significantly less than the
" combined weights of pontoon and simple bridge. The enlarged tank section, which will coincide
with the wider section of the bridge needed to serve the ferry will also contain a system of
pumps which will be used to control and adjust the level of the bridge to suit individual ferries

and tide levels.

? 2 1 10 For the bridge structure itself, we have selected a box girder design. This is now a standard
form of construction, resulting in a light and economical structure. It is particularly suited to the
marine environment in that the clean lines allow for easy maintenance. The box girder form
allows the width of the brldge to vary, allowmg the seaward (ship) end of the link to be wider,
providing access across the full width of the ferry; it is designed to support a short ramp from
the ship. The buoyancy tank, ‘which Is an integral part of the structure, will be of similar
construction and will contain a machinery room housing the pumping system,

Beckett Rankine Partnership
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Gujarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

2.1.11 The inner end of the bridge is supported by a hinge system mounted on g part of the jetty
structure. This hinge will allow principally for the rise and fall of the linkspan in response to tidal
changes, but will also allow horizontal movement to the extent permitted by the restraining
structures at the seaward end. A buffer system between the linkspan and the hinge will absorb

- impact forces from ship contact. Design of the supports and bearings of the linkspan will be
carried out to achieve robust fixty and degrees of freedom where necessary; - good
inspecfion and maintenance will be necessary in use.

— e . [T, — hY

2.1.12 The same design is used at Gogha, Dahej and Suvali simplifying spares and maintenance; if
- hecessary, linkspans could be interchanged. The ramp will require a power supply for level
adjustment and a backup supply is pro(;ided; however the ramp itself is not at risk in the event

of power failure.

Passenger Berth

- 2.1.13 Berths for catamarans or small passenger ferries are provided alongside the main vehicle
accesses. There is segregated access for passengers, although in practice it is unlikely that ro-
ro vessels and the passenger ferries will berth simultaneously

Approach Jetty and Bund

5.1.14 At Gogha and Dahej, the fé&rry berths are connected to the shore términal by a rock bund with
' concrete armour and an approach jetty; at Gogha these are of some considerable length. The
bund will support a two lane approach road with a 7.5m wide carriageway, 1.5m wide
pedestrian access and a 1m wide strip for services such as electrical cables, water pipelines

and telephone lines etc. The jetty will support similar facilities but is limited to a single lane

road to minimise capital costs.

2.1.15 This approach provides access to the ro-ro berth as weli as any other berth constructed at the
jetty head. Additional provision is made at Dahej for further services, such as conveyors and

pipelines, to be installed by the Joint.-Venture partner.
- Utilisation

'_ 2;1.16 It is intended that a regulai‘ service can be operated on a timetable without undue restriction by
. tidal conditions. However, because of the need to avoid the high capital costs of long access

21 Beckstt Rankine Partnership
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Gujarat Maritime Board Ro-Ro Ferry Service in the Guif of Cambay

_-'_jétties at Gogha and Dahej the prevailing depth will n'ot‘be adequate at all states of the tide,
~and it will be necéssary to plan the timetable with this in mind. Although the prevailing weather
o _._cbnditions_ are such that vessels will be able to operate for most of the year in the upper Gulf it
“must be recognised that.there will be some'weather related downtime at all of the terminals. It
would simply not be economic to construct the infrastructure to enable operation in all weather
or tidal conditions. Downtime will be minimal at Suvali terminal in the lower Guif as it is
‘constructed within the shelter of the new port development. In the event of the most severe
~sea conditions operations would cease at all terminals and storm control meaéures would have
fo be taken to ensure survivability of the structures. Although we have been advised by the
‘operators of one of the jetties on the Gulf at Dahej that they have experienced no downtime in
~ their first two years of operatlon — this may not mean no days of bad weather due to their
lower berth utilisation andwe think it would be prudent to allow for modest downtime.

2 1. .17 The ro-ro berths have been designed to be as versatile as possible, permitling use by a wide

' range of vessels although the detailed design is be based on specific vessels. This will provide

the.opportunity for the operation of as many ferry services as poss;ble. in common with most

modern ferry terminals the berths will be designed to serve vessels with their own stern ramps.

This covers the vast majority of ro-ro vessels currently in operation and will include provision

for berthing of singlé and double door ro-ro vessels. it will not be possible to accommodate
vessels without stern ramps without major modifications.

All roadways are designed to support road going trucks, buseé and terminal trailer units.

Suitable turning areas are provided for vehicles close to the berth with sufficient road space for
~ vehicles to embark and disembark from the vessels. There will also be a setting down and

picking up area for passenger buses alongside but clear of the main carriageway. '

Safety

g*} 21 18 The berths and approach jetties are provided with appropriate safety equipment including
lifesaving equipment, ladders and safety rails. The roads wil be marked in lanes as
appropriate and signs will be installed to direct traffic; appropriate controls are installed on the

single lane jetties.

21 19 Navigation lights are iocated on the berth to-mark its position and suitable ship to shore
- communications are prowded for operatlonal control of vessels at each terminai. '
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- Gujarat Maritime Board Ra-Ro Ferry Service in the Gulf of Cambay

2. 1 20 Pedestnan wa!kways are segregated from vehicle carriageways between the passenger
sheiter on: the. jetty and the ferries. The walkway along the approach bund and jetty-is marked
by a kerb this walkway is for emergency access only, rather than for general use by the public,
and |t is the intention that all foot passengers will be bussed to and from the ferry. Safety
parapets are provided along the adge of all roadways

21 21 ‘A detailed set of procedures will be prépared for the safe operation of the link between the
e ..__;fferry and the shore. )

2122 At all terminals, a fendering system will be incorporated to cater for both normal berthing
.+ impacts and abnormal accidental ship impact.

Services

23 There will be a small operaﬂons maintenance and storage room close to the berth. This room
will contain equ;pment necessary for operation of the link as well as spare parts. and
‘emergency equipment.

_  - The electricity supply to the berth will be sufficient for power requirements of the operating

i : _' equipment as well as flood lighting at the berth and lighting of the approach jetty and a standby

e generator will be installed on the jetty providing sufficient power for basic lighting and operation

of the linkspan. There will be a water supply piped to the berth to ehable servicing of the

vessel, cleaning and other incidental use. A telephone connection will be installed for direct
communication with the shore terminal.

~ Facilities for reception of wastes from the ferries will be installed adjacent to the berth. A fuel
. supply will also be installed close to the berth to enable fuelling of vessels from storage tanks

on shore,

22 Shore Facilities
- Standard Guidance

" 221 - Because of over trafficking on the road network throughout the country, and more particularly
SN Gujarat, the use of a water surface transport system is now being recognised. This is
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~.evident from the proclamation of the new port policy o

“has been given priority, specifically at Gogha, Dahej
: developed for the first time in the state and, with no equi
~standard guidelines and norms for planning of onshore facilities are not readily available. The

solution, development of Ro-Ro ferry terminals at various

size, power, capacity, internal design and facilities of the

f the state introduced by GMB. As a
ports for intra and inter state services

Lnd Suvali (Mazira). As this is being

valent operation in the whole of India,

~ numerous factors for determining the nature and magnitude of facilities depend on the type,

ferries to be operated, which will only

'.._"'b'e determined by specific ferry operators. The layout gf these shore facilities has therefore

222

; 223 | The following buildings are provided at each terminal:

. .

- Building Facilities

-Infrastructure (service) Facilities

“below.
) Roads and parking facilities;
i) Water supply system;

" been developed on various general considerations, as discussed elsewhere in this report.

The various facilities to be developed on the shore may be grouped in three major sections:

Building faclities;

1)
2) Infrastructure (service) facilities;
3) Material storage and handling facilities for joint

venture partners.

i) Passenger terminal building (with embarking and disembarking facilities);

Central administration and canteen building;

iif) Electrical sub-station and switch yard;
iv)
medical centre, post office, etc;
V) Drivers’ shelter house/staff hostel,
vi) Permanent staff quarters;
vii) Other buildings related to functional need of t

cabins, compound wall etc.

.-“"Thesle are support requirements for buildings with a high

Service buildings such as: workshop, fire statjon, telephone exchange, emergency

hé onshore facilities such as: security

functional priority and they are listed

AT A S a4 sumear Aamd
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i) Storm water disposal system:;

iv) Sewage disposal system; _

V) | Electricity, including emergency power system;

vi) - Fuel storage and supply system (not at every terminal);

Vi) Telecommunication system including wireless network and PA system;

Vi) Postal facility;

Ix)  Fire protection arrangements.

2,25 Certain basic services such as power, water supply, ejtc. which are sourced from the public

supply outside the terminal may need upgrading to sati:sfy the additional demand imposed by
the terminal, | |

Material Storage and Handling Systems

2.26 As well as the ro-ro ferry services other forms of cargo handling may take place at the
terminals, notably Dahej. This would result in a need for cargo handling facilities but, as these
requirements would be specific to the Joint Venture partners, they are outside the present
scope of work. However, the major items that could be required are listed below;

i) Storage facilities such as silos, warehouses, tank farms, etc. depending upon the
type of materials to be étored; ) o 7

i) Conveyors, transportation or handling system suitable to material, for example
mechanical, pneumatic conveyors, or pipeliné with supporting structures;

i) Incoming and outgoing transfer facilities for materials with auto/manual loading

' system etc; |

iv) General facilities such as: buildings, amenities and services.

2.3  Design Criteria

Numeric values of the Design Criteria described below are set out in Appendix E.

General Design Criteria for Marine Facilities

"2.3.1 " In general Indian seismic requirements and codes, Indian wind codes, and indian requirements
in relation to temperature loadings applicable to highway bridges have been complied with.

Beckett Rankine Partnership
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232

233

23.4

2.3.5

236

- 2.3.7

Wave and current data have been assessed from existing records and checked by further

investigations at site. Design forces and other criteria for the design of marine structures are
determined primarily with reference to BS 8349 “Maritime Structures’ supplemented by
refe\_/ant fndian Standards and other relevant literature or test data.

Berthing, mooring and accidental ship impact loadings are determined having regard to the
vessels the facility will be required to handle, together with considerations of ship operations,
currents, waves etc. Determination of design forces and other criteria, and design of fendering
systems is made primarily by reference to BS 6349 "Maritime Structures” supplemented by
relevant indian Standards and other literature or test data.

Vehicular loadings, turning circles and ground clearances as applied to the linkspan, jetty,
bund and shore works will cater for the full range of normal road vehicles that would be
allowed without special permit on Indian highways. In addition any abnormal road vehicles not
covered by the above and specified by GMB will also be catered for. In order to atlow for
foreign ro-ro traffic and for various configurations of container truck, the UK/European
Community 40 tonne gross weight heavy goods vehicle category and terminal roll trailers has
also been designed for,

Road pavement constfruction, parapets and. highway speciﬁcatiqns and construction details
generally comply with Indian Standards and Indian Road Congress specifications, standards
and design éodes.. In the case of concrete vehicular safety fences on the bund, concrete
vehicular parapets on the jetty, and steel vehicular parapets on the linkspan, relevant UK
standards are followed.

Piling and foundation design are fo be carried out in accordance with accepted standard
practice, with specific reference to Indian Standards and other references with appropriate.
Design is based initigl'l_y the best estimate of geotechnical conditions and- soil desigr
parameters from information currently available.

Services are generally carried along a service trench in the bund, and along the side or soffit o
the jetty deck. Where necessary provisions will be made to carry pipelines or conveyor belt:
for bulk cargo on the bund and alongside the carriageway.
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2.3.8 The structural design and construction of the abutment structure, approach span and minor
structures on the bund, the approach jetty deck structure and the ship berth deck structure will
comply with the appropriate Indian Standards and Indian Roads Congress specifications,
standards and design codes.

Approach Bund

2.3.9 The approach bund is designed to incorporate locally available rock where available, having
- regard to cost, size and specific gravity of the materials. The bund will comprise a sloping
armoured facing layer on a secondary armour layer with core material on a filter layer at the

base.

Approach Jetty

2.3.10 The whole of the jetty deck is designed to carry vehicular loading. Passenger accommodation
is provided as a removable structure supported on this deck allowing flexibility to change the
layout of passenger accommodation, vehicle set-down and pick-up areas if modifications are
‘made to the berths at some future date. |

2.3.11 Where appro'priate, the jétw is also désigned for loads from conveyo}é and other équipment

from the joint venture partner.

2.3.12 The piling and deck are designed for a nominal impact force or energy corresponding to slowily
drifting floating objects or-small craft.

Ferry Berths

2.3.13 The ferry berths are dolphin berths since all access is through the linkspan and no access
alongside is required. Dolphins are provided at intervals so that the ferry is securely located
and will carry all the loads arising from the berthing and mooring of the ferries.

2.3.14 The dolphins are provided with fenders allowing the ferry to lie aiongside at any state of the
tide and are also fitted with bollards for mooring.

Ship Berths

GMBCZVA- ravised 250491 27 Beckstt Rankine Partnership
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23, 15 Deck loadings on the berthing jetty areas are determined to meet the requirements of the Joint
Venture partners who will be operating at the berth. This area will be designed with
consideration to the more onerous of the following:~

. Loadings from cranes or other handling plant, cargo storage or cargo handling;

’ Loadings arising from vehicular traffic.

2.3.16 The berth deck will be supported on piles which will support deck loadings and carry loads
arising from berthing and mooring

Linkspan

2.3.17 The linkspan will be supported at its seaward end by the integral flotation tank and no specific
supporting structure will be required. The geometry of the link generally follows British/ISO
Standard BS MA 97:1984/ ISO 6812-1983, with further provision for specific ship/ramp
combinations that have been identified at the time of design

2_.3)18 The link structure is of steel box girder construction utilising longitudinal stiffeners in flange and
web plates with an orthotropic plate deck. These are all features critical to the structural
efficiency of the link structure. British Standard BS 5400; Part 3: 1982 “Steel, concrete and
composite bridges: Part 3 Code of practice for steel bridges” has been used as the principal
design code, with specific reference to other codes if appropriate for steel, weld and bolt
strengths in the absence of a}p‘propriate Indian codes. o .

Mechanical and Electrical Equipment

2.3.19 Mechanical and electrical equipment will be confined to the pumps and controls used to trim
the linkspans and the lighting systems in addition to the basic equipment required to provide

the services.

2.3.20 Equipment for the linkspans will be provided as part of the linkspan supply, and will be an
integral part of the construction. It is therefore appropriate that this work is specified in the form
of a performance specification which will be incorporated into the contract as a contractor

designed item.
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LavoUt and"Futhional Eguigmeht

2.3.21 General layout of ports and harbours will be prepared in accordance with the Indian standard
_Telating to various aspects of water front structures, IS 4651 part V. This covers all functional
as well as operational requirements.

Buildings and Shore Facilties

h)

2.3_'.22 The various structures and buildings required for these facilities may be in steel, RCC, and/or a
cdmbination thereof depending upon the functional requirements together Wi;h economical
considerations. Appropriate provisions for seismic resistance are incorporated. The- building
systems and facilities proposed for installation inside the buildings will be complementary in

every respect. ) o _ - .

_ 2.3.23 The majority of buildings and structures will be RCC framed with RCC floors and roofs; this is
chosen on the grounds of economy and ease of construction by local contractors. Larger
storage sheds have RCC foundations and steel superstructure, with roofing and cladding.

- 2.3.24 Roads, parking areas and other service structures will also be of RCC, probébly using vacuum
' de-watered concrete, in order to provide maintenance free surface with long durability where

possible.

1 2.3.25 Storage vessels or reservoirs for water supply and fuel, etc are RCC structures, and all related
| pipelines are ductile iron, cast iron, glass reinforced plastic or mild steel depending on the
detailed specification of the liquid. |

'2.3.26 The networks, layouts a_nq_"_q;gtailed,,désign of surface water drains and foul drainage are
' designed in accordance with the Central Public Health and Environment Engineering
Organisation (CPHEO) manual published by Ministry of Works and Housing, Government of
India. All waste water drained from the workshop, fuel storage area, etc is separated and
treated to GPCB standards before being discharged.

2.3.27 Ancillary structures such as the perimeter wall are constructed from masonry.
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2.4 l-gesigri Codes and Standards

2.4.1 All designs conform to thé felevant Indian Standards and codes of practice. Where there is no
-~ appropriate Indian Code, British Standards (BS) Codes and other international codes of
equivalent class have been utilised. The Indian Standards (IS) codes that are in general use

for each of the relevant major activities and services are listed below:

» All prestressed and reinforced concrete works are designed and executed: in
accordance with .S, 456 1978 and/or its latest amendments and reprints for all
buildings and related structures. |
e Marine works have been designed in accordance with the additional criteria of the IS
and having regard to the recommendations of BS 6348. _
¢ Piled foundations are designed in accordance with the provisions of 1.S. code 2911 part
1o V 1979 or latest revisions, depending the type of piles are selected in detailed
structure design.
¢ Marine loadings have been assessed in accordance with BS 6349

: 24.2 The following references have been used for planning and sizing of various shore facilities,
buildings and services:

(i) Civil Engineering Hand Book - Merrit;

(ii) Design of Marine Facilities - John W Gaythwaite,;

(ii)  Time saver standards (1996) - USA,

(v) 1S 4651 - Code of practice for planning and design of ports and harbours - layout
and functional requirements (Part V).

243 - Afull listing of all Codes and Standards used in the project design is included at Appendix F.

"f.‘;f- ~2;65'5 Environmental Considerations

[I'n general, the works proposed and described in this report will have little impact on the
“énvironment. ' ' '

o 2:‘;53'2 -The marine facilities are generally open piled structures and it is not expected that these will
.-'héVe any significant effect on the currents and tidai flows near the ferry terminals. There are
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2.5,3 |

already bunds in place at Gogha and Dahej and there is little indication of accretion nearby.
Whilst the new bunds could give rise to accretion, there are unlikely to be any significant

adverse effects on the foreshore which is principally intertidal flats for which we are not aware

. of any special environmental sensitivities.

At Gogha, the existing terminal and access bund can not be incorporated in the new
development without a significant increase in the length of the approach jetty. The proposed
alignment of the approach bund and jetty therefore makes a landfall at the north end of the

- site, but the detailed arrangement is chosen to avoid interference with the graveyard and

' t_émple.

254

The proposed developments are not expected to have any adverse effects on the local fishing

- industry

255

256

There are no activities at the ferry terminals which would give rise to air pollution, However, the

activities of the Joint Venture partners may have the potential for pollution and the potential for
pollution should be minimised as far as possible, although this is outside the scope of this
Study. In particular, the cement tefminal at Dahej may have potential dust problems and these
will have to be minimised by appropriate selection of the handling plant and impiementation of
appropriate operati'ng pro_cedures. However, Dahej is already an industrial development zone
énd the scal_e of the proposed terminal ‘is insignificant in relation to the existing industrial

" developments.

Stormwater drainage will genera!ly.be discharged to the sea; however on-shore areas likely to

. suffer oll contamination will be drained separately and the effluent will be passed through an oil
. separator before discharge. All foul drainage will be treated by septic tank before being

2,57

-discharged to the sea. Facilities for fuel handling on the berths will be drained separately and

the effluent will be pumped ashore for treatment

There will be increases in road traffic as the service develops, but although there may be
occasional congestion coinciding with ferry movements, the overall effect will be - small.
Furthermore, traffic will radiate in all directions from the terminals and any congestion will

- dissipate quickly with distance from the terminal.

258

We believe that the envirdqment_al impacts of the project are small and do_not warrant further

 detailed investigation. However it is possible that an Environmental Impact Assessment will stil

QMBC2V4~revlsed 2504101 31 . Beckett Rankine Partnership

Kashec
Ray Infrastructure



Gujarat Maritime Board : : Ro-Ro Ferry Service in the Guif of Cambay

be required and if this is the case, it should be carried out as soon as possible so that
reqor_hmendations can be incorporated in the final designs. Such a study is not part of the
present brief, but could be incorporated as an additional feature.
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344

3.0  GOGHA TERMINAL
34, TheSite at Gogha

3.1.1 Gogha lies on the western cbast of the Gﬁif of Cambay where the distance across the Guif
between the shores of Saurashtra and south Gujarat is at about its least. This in itself makes
Gogha a logical choice for :

- development of a ferry terminal.
Furthermore this location is well
protected by the land against the
| south-westerly monsoon with
Piram Island and associated
reefs providing some further
protection  against  offshore
generated waves from the south.
. 'The S.eabed at '

3.1.2  The land in this area is generally flat and low lying. Boreholes suggest that the ground is
predominately clay overlain b)} a thin layer of clayey sand, while along the coast to the south,
there are some rock outcrops, particularly in the area around Piram Island.

3.1.3 The sea in this area has an exceptionally high tidal range with strong currents, particularly
away from the shore in deeper water. Beaches are gently sloping with large muddy areas
sometimes lightly covered with vegetation and only covered by water on occasional high tides.
Further away from the shore the seabed slopes more steeply thus enabling access to deeper
water. Here the silty seabed tends to shift from time to time as a result of the strong current
flows.

The small town of Gogha is some 17 kilometres by road from the city of Bhavnagar; it is well

connected with the inland districts although the road network is overloadéd and there is no rail

connection. Electricity, water and other services are available but will have to be improved to

sustain any significant develbpment. In particular, water is at present supplied from boreholes,

and any development, especially that requiring bunkering of ferries, will need to be supported
by piped supplies from Bhavnagar.
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3.1.5

- comprises a terminal building -
(sl in Qood-co'ndition) and a
‘bund  (in  poor condition) |
 projecting about 150m into the
_'_sea. The terminal building has
. been purchased by GMB and
“can be used in the initial stages e ey :
 of development until- " The Disused ferry Bund at Cogha

G‘ogha has already been used 'as base for a hovercraft ferry operation set up by Messrs.
Chowgul_e & Co, Private Ltd of Goa, but this was not successful and has been discontinued.

-.The ferry terminal, constructed
" in 1988, lies about tkm south
of Gogha = township, and

superseded by purpose built

facilities.

There is limited historic hydrographic survey information available for the area, and some of
~our early proposals were nullified when the information on which they were based was found to

be inaccurate; there was. however, sufficient information to enabie broad choices to be made

‘as described below. Qur latest and detailed proposals are based on a more detailed and

specific survey' taken in April 1999 which covered the proposed berth area.

7 A number of boreholes, as shown in Appendix A8, have been sunk on the line of the'exist_ing
‘bund and further offshc_)re on the a'lignment now proposed and these show a seabed of sands

and clays. These suggest that adequate bearing exists for piled foundations at reasonable

'depth. Boreholes undertaken on land (Appendix A7) show that the natural soils are generally

suitable for shallow foundations and our designs are based on their use.

General information on the weather and sea conditions has been obtained relating to the Guif
or Bhavnagar, -but there is little specific to Gogha, although there is no reason to expect it to be
atypical. The monsoon falls in June to September with heavy rainfall, whilst the remainder of
t_he year is dry. Storms occur mainly in the pre? and post-monsoon periods The only wave
p'rediction analysis known to us is that made for the Indo Gulf jetty at Dahej; we have been

“able to extrapolate from this analysis by comparison of the two sites to provide a wave climate

for Gogha. In addition there Is anecdotal evidence from skippers of vessels operating out of

Bhavnaga'r that the wave climate is not severe (heights less than 1m) and even suggesting

" that Gogha is good location for a ferry terminal.
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3.1.9

We have current flow measurements made by float tracking at Gogha and these show that
currents are small within the 10m contour, generally not exceeding 4 knots.. We have located

-only a sihgle record of tide _levels at Gogha together with the records taken during float tracking

and by comparing these to the resuits of the recording gauge at Bhavnagar, it is possible to
use the predictions for Bhavnagar to make predictions for Gogha. These predictions show a

_ tidal ._range slightly less than that at Bhavnagar, with a Highest Astronomical Tide of 10.94

e metres Chart Datum. We have also been able to plot an envelope of maximum and minimum

321,

322

3.23

": -daily levels which shows that there are certain periods when there is consistently deep water
- -and these can be used in the planning of the ferry service, Details are shown in Appendix AS5.

Preferred Location

Three possible locations have been consideréd for the development of a ferry terminal in the
Gogha area (see Drawing No. 97/003/20 in Appendix B2). These are at.

. Saker Creek to the north of Gogha;
. The existing'terminal site constructed for a previous ferry project;
. Kuda Point to the south

Saker Creek is very shallow with the seabed typically between 2 and 4 metres above chart
datum, which means that extensive areas of this creek dry out at low water. Operation of a
ferry service here would be severély constrained by tidal restriction unless extensive déedging
were carried out, Without dredging the ferries would only be abie to operate at high levels of
tide, and this is not considered-to-be acceptable. The alternative .of an extensive capital

~dredging campaign at this location is unac_ceptable because of the initial cost and potential

requirement for substantial maintenance dredging. In any event there is little room for ferries to

manoeuvre in this creek and all such vessel movements would clearly disrupt any other

. activities in the area. This is not, therefore, a location that is well suited to a regular vehicuiar

and passenger ferry service.

By contrast, the existing terminal site has already been established for ferry operations and
land has been made available for terminal use and road access already exists, At the moment
the existing bund is too short and will have to he extended significantly in order to reach
sufficiently deep water that would be adequate for ferry operation. It is considered that the
alternative of a short extension to the bund together with extensive capital dredging should be

'- avoided because of the unpredictable and mobile nature of the seabed. A long approach jet_ty
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- wil bé-'requi(ed and this may be costly because of the poor ground 'conditions. However this is

Iikely tobe a reasonable site for a ferry terminal because it offers a partially sheitered location
Ii'to the Port of Bhavnagar.'lt

' appears that operations will be able to continue throughout the year without a great deal of
weather disruption. ' |

" close to the navigation channel that is already used for approac

324 The third site at Kuda Point offers the benefit of a rock foundation .on which to construct an
o approach bund and jetty which would give access to relativelj consistent and stable deep
wéter. However, there are a number of reefs in this area which may make navigation a
problem, particularly around Piram Island where it is believed that underwater cliffs combined
with fast flowing currents could result in some hazard to shipping. The waters here have not
been charted in detail and would require comprehensive surveying before design work could
proceed with corfidence. A further disadvantage of this site is that there is little land based
infrastructure in this area which means that new roads would have to be provided and land

would have to be purchased for the terminal site.

3.2.5 The characteristics of each of the alternative locations have been examined and a comparative
assessment has been made on the merits of operating ferries at each of these sites; further
details of this assessment cah be found in Appéndix B. This assessment shows a clear
advantage for the site at the existing bund, principally on account of good access to deep
water, safe navigation conditions, straightforward road access and availability of land and this
is therefore the location chosen for the Gogha terminal.

3.3  Proposed Development - Preferred Option

3.3.1 The choice of location defines the general form of the terminal|as an offshore berth in deep
| . water linked to the shore by an access jetty. However prior to the development of the preferred
option, which is described in detail below, three possible arrzfngements of the berth were
considered in outline; these were a jetty berth, a dolphin berth and a pontoon berth. The

- pontoen berth could be discouhted due to doubts about its ;Li{ability in the prevailing sea
conditions, and the jetty berth was then selected as being marginally more .versaﬁle than the

| dolphin ‘berth. At the time the early part of this study was uncﬁeﬂaken, it was expected that

ho would also contribute to the

there would be additional facilities for a joint venture partner w

capital costs,

3.3.2 However, no joint venture partner has been identified, so that capital costs are required to be
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3.3

3.4

3.5

“ held to minimum values while design‘ may be based solely on ferry requirements. All of these

schemes were therefore discarded and a more basic proposal has been prepared which is

. described in more detail in the following sections. It should be born in mind that the extension

to deep water remains a long term proposal.

It should be noted that the initial site selection was made on the basis of an inaccurate chart

.showing deep water about one kilometre south of its true position and this location suited the

desire fo utilise the existing bund and shore facilities. Subsequently, the chart was found to' be
inaccurate and it was necessary to move the berth site to the north, whilst maintaining the jetty
Iandfgll at the root of the existing bund; conflicting alignments meant that the bund could not

‘now be incorporated in the new works. In later developments, additional land was obtained

and it proved possible to move the jetty landfall some 400m to the north, resulting in a
substantial reduction in the length of the jetty.

The correction to the chart not only affected the alignment of the bund and jetty, but showed
the deep water much further offshore. Now in order to accommodate vessels at Gogha during
ali states of the tide it would be necessary to construct a berth at some considerable distance
constructed at substantial cost and accounting for more than 60% of the total cost of the

terminal.

Such costs cannot be supported by the ferry operation, and it was necessary to seek a
compromise. We have therefore sited the berth closer inshore, with a correspondingly shorter
access jetty, accepting that the berth is not now accessible at all states of the tide without
restriction. However, careful timetabling can minimise the effects of this restriction as certain
times of the day have reliably deeper water in all tidal conditions (see Appendix A on tidal data)
and the full 5m depth is available for some 80% of the time. The access jetty will provide only a
single carriageway to minimise costs, but the approach bund will be two lane to assist traffic
flow. As noted above, the option to extend the jetty at a later date into deeper water remains.

The ferry berth is aligned with current flow as far as possible in order to make for
straightforward berthing and to minimise loadings on mooring lines and fenders. However this
alignment does not coincide with the direction of maximum wave loading conditions which
means that storm wave conditions may lead to some interference with berthing and cargo
handling operations. We have discarded our earlier proposal to provide a small breakwater to
protect the berth as being an excessive cost for the small benefit of downtime which might be

saved.
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3.3.7

Costs are minimised by the elimination of most of the berthing jetty and the ferry berths against
a line of dolphins; these will be substantial structures fitted with fendering systems capable of

~ absorbing the impact of the ferry berthing. The fendering system will take account of the

3.3.8

-3.3.9

varying sizes of ferries and will allow for differing levels of impact due to tidal variations. The

‘_dolphins'will also be fitted with mooring bollards and will be linked to each other by walkways

allowing access for rope handling.

!

‘Circulating space for vehicles and a small waiting area will be provided by a widening of the
access jetty adjacent to the berth. This pait of thé structure will also provide the shore support

for the linkspan used to access the ferry. A-conventional linkspan is used as described in

‘Chapter 2 and this supersedes our earlier intention to use a simplified structure partly

supported on ramp formed as part of the protecting breakwater.

Passengers are accommodated in a shelter adjacent to the ferry berth while transferring
between buses to the shore and the ferries. Access to the ferry would be by way of a

segregated walkway directly to the ferry.

3.3.10 The shore development is based near the old hovercraft station and takes in additional land. It

3.3.11

will provide facilities for reception of foot passengers and vehicular traffic, traffic control and
port control. The existing building could be used in the very early stages, but is not well sited
for the layout now being proposed and would be superéeded by purpose built facilities as soon
as the servibe is estab!ished.
The layout has been constrained
by the graveyard to the south-
west and the smashan on the
northern shore,

These proposals are shown on
Drawing 97/003/77 at the end of
this section, and others in
Appendix L.

3.4 Terminal Capacity Requirements
3.4.1 The ferry terrhinal at Goéﬁa-has the dual advantages of being located near to the city of
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342

' Bhavnagar with its large population and being at the narrowest point for crossing the Guif of

Cambay This is a good location from the pount of view of attracting potential users of the ferry

. services.

.Ferries from Gogha are likely to service three destinations in the first instance. The link with

Suvali and its potential onward connections to the city of Surat is likely to be the most popular

of these routes. The longer and more expensive route to Mumbai could also prove to be

'_ . . popular although fewer sailing would be scheduled in the first instance because of the greater
. Journey time. The shorter trip across the Gulf to Dahej could be operated several times a day
b_u.t_ the demand is likely to be limited until the industrial zone at Dahej becomes more active.

343
o - Connections to other parts of India and international routes should also be encouraged but are

We have asseésed__ the likely usage of this terminal in relation to cross Gulf ferry services.

nbt part of this present exercise. Also a signif cant demand could be generated for container

L handhng on mternatlonal routes to the Middle East Although not specifically part of this study
' . provision should be made for container handhng in the longer term plans.

3.4.4-

The vessels that will use this terminal in the first instance are likely to have a capacity of

L approximately 90 trucks, 520 Second class passengers and 280 First class passengers. With

only one berth available these represent the maximum numbers of users that would have to be

‘loaded onto the departing ferries. Before this can be done a maximum of the same number of

users would have to be unicaded from the arriving vessel. While it is normal for most arriving
vehic]es and passengers to leave the terminal straight away without any significant formality,
departing users will have to be checked in and wait to béard the vessel. On the basis that there
would ‘occasionally be two ferries departing at an interval of two hours we would suggest that
the shore terminal should be developed to handle the simultaneous transit of twice the design

~ vessel's capacity waiting for__g[eparture__together with the capacity of a single vessel arriving. In
the first instance the terminal facilities will be desighed for 50% of thls capacity with a
- significant provision for expansion as the demand rises. The design should therefore be based
on:- *
| [ Users categories ] Departures Arrivals
" [Trucks . 90 45
; Second Class Passengers 520 260

Ei_fst'Class passengers 280 140

oint Venture Arrangements
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3.5.1

3562

3.6

36.1

protected by concrete arm’our

it was hoped that the Gogha terminal could be developed in partnership with a private sector

- prgenisatio_n who would develop an offshore supply base with shared use of the jetty.
- Prospecting for oil in and around the Guif of Cambay is increasing with these activities -

currently served from a shore base within the Port of Bhavnagar. This base is adequate for the

‘present requirements but limited water depth gives rise to tidal restriction that would not be

acceptable if there is a significant increase in offshore support vessel activity. With a base

~ already established at Bhavnagar it would be logical to provide the improved facilities nearby
: and Gogha could be a suitable location. ’

Discussions have been held with one offshore service operator but no commitment has been
made. The ferry terminal has therefore been designed as basic facility supportable by the ferry
operations alone. However the facility could be used by other vessels as iong as that use does

" not conflict with ferry operations. An offshore service base would require a substantial area of

land for its onshore facilities and storage.

‘Marine Facilities in Detail

The bund extends to approximately the Low Water mark; due to the relative locations of the
berth and shore facilities it is not possible to incorporate the existing bund into the new facility
and the new bund therefore

starts at the north end of the

site. The core of the bund is .
formed of granular material,
selection being based largely
on local availability, and this
material will be placed by dump
trucks working from the shore.
The external. faces will be

Gogha Rock Outcrop Iooklng to Sea

unitsdesigned to give protection
against the worst storms expected The bund will be of sufficient w:dth to prowde a two lane

-road, pedestrian footway (for emergency use only as foot passengers will normally be bussed

to the ferry) and services. The height of the bund is such that the road will be above all normal

water and wave levels.

3.6.2 The access jetty continues the bund and provides the access to deeper water. The jetty will be

a piled structure with @ concrete deck supported on concrete piled bents at appropriate
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6.5

3.7

spacing. Because of the length, it will be necessary to provide strongpoints at intervals to
ensure stability, and these will be formed of additional piles similar to those in the main run of
the jetty. To minimise costs, the jetty will provide only a single lane road and a pedestrian
walkway; guardrails and kerbs will be fitted on both sides. As with the bund, the jelty roadway
will be above all normal water levels. Near the main jetty, the access jetty becomes wider, |
forming an area for traffic circulation and providing a strongpoint for the support of the inner

end of the linkspan.

The dolphin berth for the ferry will be formed of a number of structures in line providing a
defined face against which the ferry can moor. The dolphins will be substantial piled structures
designed to resist the forces arising from the berthing of the ferries and also mooring forces
arising from the most adverse weather and sea conditions. The dolphins will be fendered on
the berthing face and the fenders will be chosen to accommodate the tidal movement of the
ferry. The fenders will provide energy absorbing units at high and low levels and thes/e'will be
linked by vertical facings with low _friction coatings allowing the ferry to move (principally
vertically) against them without damage to ferry or fender, Light walkways will link the dolphins
to facilitate the handling of mooring ropes, and a number of the dolphins will support mooring
bollards. The seaward dolphin will be strengthened as this will normally be the ferries’ first

point of contact.

Additional dolphins will control the location of the linkspan which provides access to the ferry.

‘The linkspan itself will be a steel box girder structure providing for a single lane of traffic, with a

wider section at the ferry end to facilitate access to the full width of the ferry. At the seaward
end the linkspan will be supported on an integral buoyancy tank, whilst the shore end will be
supported on the jetty structure. There will be provision to pump water in and out of the
buoyancy tank o control the level and trim of the linkspan so that it will connect accurately with

the ferry.

A small amount of dredging will be carried out to.the north of the berth to provide a turning
circle for the ferries. No' dredging will be undertaken in the marine approaches and it will be
necessary to buoy the approach between the deep water and the berth. Buoys will be used to

mark turning points and any significant hazards.

Shore Facilities in Detail
7.1 The shore facilities have been planned using the optimum techno-economic approach because
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:thisf-_enviséges*all functional needs coupled with technical standardisation to provide maximum

“service for a minimum land use. In response to these considerations, the following are

 providedwithin the shore facilities: -

Xy Terminal building;
. Administration building;
e Medical faclity;

. Fire station;
o ~ Control Tower
. Police and security services;
. Fuel storage and filling station;
¢ - Water supply and storage;
. Electrical supply and sub-station;
. | Draihage;
. Refuée disposal service;

e Weighbridge;

. Shelter ho_usg and canteen;
. Post Office, telegram and fax services;
. Parking for trucks, cars and buses;
. Workshop for vehicle repairs.

'37.2 The terminal building has initially
.. peen planned for 50 per cent of
the capacity of passengers and
traffic for departure and arrival at
any time, based on the usage
calculations at 3.4.4 above, It will

initially provide spa’ce for ticket
sales, = waiting = space for .
departing passengers, . a
reception -area for —arriving - - HES
passengers, baggage handling

Gogha Shore Terminal Location

" facilities, rest rooms, space for concessions such as snack bar and newsagent, and space for

'operational requirements (although most of these will be controlled from the administration

; ~building).

| 373 The administration building provides principally office accommodation for terminal control and
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c;ommercial administration, together with rest rooms and other common facilities. Customs
officials are housed in a similar, but separate, building in the same complex. The
administ_ration building also supports the control tower which houses the equipment for

. navigation control.

3.74

" canteen and social area.

- 375

376

377
3.7.8

37.9

- The shelter house and canteen provides rest facilities for truck drivers. There is dormitory

accommodation for some 80 drivers on two floors together with toilet and shower facilities,

A

Full infrastructure services are provided. A substation contains switchgear to receive the
incoming supply from the grid, and transformers provide the low voltage supplies for

~distribution around the terminal. Backup generation is provided for critical areas (such as

n'a_vigation control). Water supply is taken from the main supply, and storage facilities are
provided on site to even out demand and provide reserves for fire fighting and in case of mains

- failure. The storage facilities also provide the large quantiies which are required for bunkering

of the ferries. A small treatment plant is provided for the improvement of water quality, and the
system is pressurised by an elevated reservoir. There is no central drainage treatment plant,
and building drainage is treated through individual septic tanks. Drainage of roads and parking
areas is generally be discharged direct to the sea, but in sensitive areas, such as the filling
station, water is passed through oil and petrof interceptors before discharge.

The medical centre provides waiting and consulting rooms and a small treatment area,
together with offices and stores. There is provision for in-patient accommodation.

The fire station provides accommodation for four appliances together with stores and offices,
Open space is provided for parking, vehicle washdown, hose drying and a training drill area.
There is also provision for the foam storage needed for fighting petrol and oil fires.

Costings have been worked out based on the above planning of the shore facilities using a rule
of thumb basis for the immediate requirements. These costings reflect the different levels of

facilities within each building.

A further drawing has also been prepared to give an indication of the type of layout that would

" be required for the shore terminal facilities associated with the ferry port operating with a larger

capacity to intermational standards. This gives an indication of how the shore facilities might

- look in a few years time (see Drawing No 97/003/29 in Appendix G). It should be noted that

this drawing was prepared in the ea'rly stage of the study and is based on development of the
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old hovercratft facmty, using the existing causeway and making provision for joint venture‘
facmtles It shows a layout based on currently accepted international practrce with a large

' _.marshalhng area for the trucks which form the principal traffic. There is also a large area for

B contamer storage reflecting a further deve[opment of the ro-ro concept. The Iayout provndes

for early separatlon at the entry gate between the freight and passenger traffics, with a

. .dedicgted- paséenger access around the perimeter of the freight area, There is also extensive

Y car parki'n_g', acknqwl_édging that car based passengers will begin to find the ferry useful.

bdsti_iigs '

‘These costings have been. calculated using knoWn prices for similar construction work in the

area augmehted by international construction costs where necessary and are based on

" information available at this time and may have to be modified in light of survey and other data

reéeived from site in due course The costs in the first phase are summarised in the table below

 and are based on a jetty length of 400m to reach a water depth of 2m.

_ Item Construction Cost Estimate (Rs Crores)

Berthing Jetty - 14.16
Approach Jetty 20.99
Linkspan | _ | 7.80
Approach Bund | 2795
Transition Slab 0.07
" Dolphins - B 7.09
DrtstcjéiﬂngE _ o 2.00
Navigation Aids ~ — . 0.05-
Passenger Shelter - - | | . 0.03
On Shore Civil Works | . 087
Terminal Buildings 4.24
On Shore Ancillary Services o - 0.64
o '  TOTAL 85.90

In tﬁe_:"-second phase additional terminal buildings will be provid'ed involving a further

ekpendi_tqre of Rs Crores 1.54.

More comprehensive details of the costings are set out in Appendix H.

_T 382 These costs do hot ihCIu.de the purchase price for land or fees payable to licensing authorities
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g for‘pé.rmi's:_é'i‘fdri’-t'o construct and operate a ferry terminal at this location.

7 3 8 3 The costs noted above for the shore terminal are for the facilities required for the ferry services
to start operatlon Space has been allocated for further expansion fo accommodate a full
schedule of mternatlonal services in due course.
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4.0

4.1

411

of the: Narmada River, protrudes
~well into. the Guif which means
that a terminal at Dahej would -

DAHEJ TERMINAL

The Site:at- Dahei b

Dahéj lies on the eastern coast of the Gulf of Cambay ,just to the north of the Narmada hiver
Estuary and almost opposite Gogha. The land, which forms the northern shore of the estuary

have the clear benefit of the
shortest crossing of the Gulf. A
terminal on the Gulf coast would
be very exposed, but there is
shelter within the river estuary.

Satellite Image of Dahej

‘The land in this area is generally flat and low lying and from the borehole information made

available to us it appears that the ground is predominately silty clay. it is known that many of
the structures recently constructed in this area have been supported on piled foundations.

The sea in this location has a very similar high tidal range to that at Gogha and currents in the
open sea are probably as strong. Thé heaches to the Gulf are gently sloping for a long way
from the shore before changing rapidly to reach much deeper water. By contrast the estuary
of the Narmada River is slightly more protected with a lower current flow and generally

shallower water.

WL ¥ Lom g

Dahej itself is a small villaée and until recently the area surrounding it had been dndeveloped.
It is some 45km from the district headquarters (Bharuch) to which it is connected by a state
highway, improvement of the district network is currently being undertaken. There is limited rail
access, but this is cUrre'ntIy being redeveloped. Main services are available, and in particutar
there are substantial Water supplies in connection with the industrial developments of the area.
The Gujarat Industrial Develbpment--Corporatioln (GIDC) is putting into place an ambitious plan
to deveiop this area ,intq a large industrial zone and a few industrial plants are already under

various stages of development.
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4 1 5. Although there are jetties on the Guif and in the river and proposals for a ferry service have

been made, there has not been a ferry operation at Dahej. A captive jetty has been

416
~ hydrographic  information  is

- proposals on the Guif coast.

417

the IPCL jetty (just downstream
of the preferred site) and its

const_ructed on the Gulf for a copper smelter plant, as has a chemical port nearby. A jetty had

~ also previously been constructed in the Narmada River for handling ethylene and other petro-

chemical products. GIDC plans to construct roads and other infrastructure in the near future.

A :considerable amount of

“-available for the area although

most of it relates to development

There is, however, a series of
historic surveys which relate to !

approach channel which give a

IPCL Jetty at Dahej

clear picture of the river. The |
proposed terminal area, upriver of the IPCL jetty, is covered by an earlier survey and this
provided sufficient information to locate the ferry berth; the location was resurveyed in May
1998 specifically for this project. We have noted that the channel to the IPCL jetty is subject to
sitation and. requires maintenance dredging ‘showing that the river bed is mobile and
suggesting that bed levels may have varied since the surveys were made.

In the initial siages of thé—éfudy. we were given access to the records from the construction of
the IPCL jetty which included two boreholeé. and it was possible to make general assumptions
about the site which is nearly 1 km distant from the IPCL jetty. Subsequently boreholes were
made at the designated site, (see Appendix A6), and these confirmed the assumptions made.
The boreholes show sand and .clay strata underlaih by cemented sands which are clearly
capable of supporting a piled structure, and this view is supported by the construction
undertaken at the IPCL jetty. Boreholes have also been made onshore (Appendix A7) and
these show that shallow foundations will generally be adequate.

We have general information on weather conditions in the Gulf, and conditions at Dahej are
unlikely to vary significantly from those at Gogha (only 24km away). The area is, however,
more éprsed to storms from the south west so that wave heights in extreme storms will be
signiﬁc&intly greater. We have obtained the ﬁhdings of the wave model analysis made for the
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4.1.9

42

4.2.1

422

. lncl_o'Gulf jétty in the Gulf and have transposed this information to the present site to provide
design wave climate,

Limited tidal records were taken
during the float tracking survey,

occasional observations at the
IPCL jetty suggest that the tide
levels will be similar to those at

and these, combined with ’
R S Mifﬁﬁﬁl'f_!f‘d%“;

A

Go’gha so that predictions may
be mac_ie based on the records
from Bhavnagar. This allows us

i \ |

to  predict the  Highest 2k b G il
' GCPTL Jetty from Indo-Gulf Jetty at Dahe

Astronomical Tide as 10.94 |
metres above Chart Datum and plot an envelope of daily tidal trends which shows that dee;
water is consistently available in the early morning and in the afternoon. Currents in the rive
appear to be less severe than those in the open Gulf, but observations made at the IPCL jett
show velocities of up to & knots on the ebb tide; similar velocities were shown by the ﬂoa
tracking (Appendix A4). '

Preferred Location

Two alternative sites have been considered for the development of a ferry terminal in the
Dahej area (see Drawing No. 97/003/21 in Appendix B). These are at:-

. Ferry Point, Gulf of Cambay,
. Narmada River. . ' L

Ferry Point was originally chosen as the site for a ferry terminal for a previous project in the
early 1980’'s. At that time a short length of approach bund was constructed. In order tc
complete a suitable berthing facility at this location a considerable extension to the bund woulc
be required to reach an adequate water depth. The bed morpholegy in this area is such tha
the water depth increases rapidly some distance offshore where the new berth would be
located. Fast flowing cross currents in this area would make navigation difficult. The
aitemative of constructing a shorter approach together with a large capital dredging campaigr

s not likely to maintain adequate water depth without continuous dredging. In any event, othe

jetties are now being planned for the area around Ferry Point as part of a port that will handle
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‘ termmal at thls dlfr cuit site.-

‘- '4-.2'.‘_3'_'

: __'commércial cargoes including some hazardous materials. As these pians do not include any

protection for the berths, such as breakwaters, there is no advantage in constructing a ferry

GMB has "purchased some land on the northern shore of the estuary to the Narmada River, A

“ much’ shoner jetty would be required from this site to reach water that would be sufficiently

"":deep for restrrcted operation of ferries with little or no maintenance dredging at the berth;

unrestn_cted operation (5m depth) would require some dredging. The jetty has, however, beén

:__'_(:Ié'sign?d_for the full depth. There is however a natural bar across the entrance to the river
which will have to be dredged in order to maintain sufficient water depth for access at all states
 _'o'f the tide. Indian Petro Chemicals Limited (IPCL) alréady operate a jetty nearby and it is
- understood that they have the responsibility to undertake this dredging. Aithough exposed to

the south west, a series of sand banks offer some storm protection to the waters of the
Narmada River. Waves are therefore generally less severe at this location. than in the Gulf

;- _:-.itSelf Also the tidal currents are not as great. Whilst the berth site is sheitered, the

424
[ assessment has been made on the merits of operating ferries at each of these sites; further
: - details of this assessment can be found in Appendix B, This assessment shows a ciear
__ adv'anta‘ge for the site in the Narmada River, principally on account of short access to deep
i -‘..'-_Water, safe havigation conditions, and availability of land and this is therefore the location

passage through the' channel at the bar d:ﬁ" cult C

* combination of wave condmons and strong currents at the 'mouth of the river may make

| ":m.pqsslbie at certain times.

The characteristics of each of the alternativerlocati'ons have been examined and a comparative

* chosen for the Dahej terminal.
4,2.5

We have assumed that the channel across the river bar will be maintained by IPCL and will be
useable without restriction by the ferry services. In addition we understand that a significant

- LNG development is proposed at the mouth of the Narmada River and that this development
= will include major breakwaters which may adversely affect the regime of the river. It is

' anticipated that Petronet will undertake hydraulic model studies, and GMB should ensure that
- fult consideration is given to the needs of the ferry terminal and its operation.

- Proposed Development - Preferred Option

“The choice of location defines the general form of the terminal as an offshore berth in deep

- ffg water linked to the shore by an access jetty. However prior to the development of the preferred

_‘_;,;.}option, whiéh is described in detail below,' three possible arrangements of the berth were
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conéi_deréd' in outline; these were a jetty berth, a dolphin berth and a pontoon berth. These
showsd the jetty as being most expensive, but as this was outweighed by its flexibility in use

‘ and other matters, the jetty berth was then sefected as most appropriate. At the time thlS study

was: undertaken no joint venture partner had been confirmed.

432

'HoWéir’er- a joint venture partner (Saurashtra Cement) has been since been identified, and the

" -':"-selectlon of the most appropriate arrangement is confirmed by the need to accommodate both

. 433
o vessels at Dahej with as little

B gi'the ferry and the jomt venture shipping.

P 1

in order to accommodate

" ‘tidal- restriction as possible it is
. necessary to construct a berth

~ 'some  300m from the shore;

BT depths in the river the berth is
"ot accessible to full draft at al
. states of the tide. In mitigation,
" careful timetabling can minimise
-1 the effects of this restriction as
. certain times of the day have reliably deeper water in all tidal conditions (see Appendix A on

' tidal data) and the full 5m depth is available for some 80% of the time. Access from the shore

however, due to prevailing

Ro-Ro Terminal location at Dahej

will take the form of a rock bund leading to an approach jetty constructed further seawards to a

e position that will provide sufficient water depth for the berthing vesses. Costs are controlled by

_the provision of only a single vehicle lane along the approach jetty; however the approach is

wider close to the ferry berth providing circulating space for vehicles and a small waiting area.

. A single jetty provides the ferry berth on its inner face and the joint venture berth on the outer
“face. Ea_ch face is protected by a fendering system allowing for vesseis to berth against it and
' move up and down as tidal levels vary. Although the jetty forms the ferry berth, the ferry does

not use the jetty deck other than for mooring purposes, and the jetty is normally used

L 'exclusively by the joint venture traffic. Thus the jetty provides the platform for handling the joint
E . venture traffic in bulk cement and any other cargo handling should that arise. Access to the |
A fé_rry is via a linkspan which is supported by an integral buoyancy tank at its outer end; location

" i';ir of linkspan is controlled by dolphins and its attachment to the access jetty at the shore end.
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4.3.5 PaSSthers_aré accommodated in a sheiter adjacen{ to the ferry berth while transferring

betwéen- buses to the shore and the ferries. Access to the ferry will be by way of a segregated

_ - walkway directly to the ferry. The detailed layout at the junction of the access jetty and main
‘ jetty |s arranged to minimise conflict between the ferry traffic and the joint venture traffic. This

436

_ is ass:sted by confining foot passengers to shuitle busses between the ferry and the shore
- terminal. ‘

“The onshore facilities will provide faciiities for reception of foot passengers and vehicular

traffic, traffic control and port control. In addition areas of land are set aside for the joint
vent_ure. partner who will provide his own handling and storage facilities and for other related

*. industrial activities.

437

44

441

These proposals are shown on Drawmg 97/003/70 at the end of this section, and others in
Appendnx L.

Terminal Capacity Requirements

Although reasonably close to the city of Bharuch, the ferry terminal at Dahej would be at a
location remote from the centres of population in an area that is designated for industrial
development, most of which has yet to take place. Undoubtedly there is considerable potential
for this terminal particularly with respect to freight transport to and from the industrial zone.
With the extent of this yet to be defined our initial consideration of through'put volumes relates
largely to Dahej’s beneficial position at the narrowest peint for crossihg the Guif of Cambay.
Most of the trucks and passengers wil therefore be using the ferry service as part of a longer
journey rather than QSing Dahej as a destination. T

4.2 Ferries from Dahej are likely to service two destinations in the first instance although in both

cases demand is likely to be limited until the industrial zone at Dahej becomes more active.

: | The trip_:acﬁross the Gulf to Gogha could be operated several times a day whereas as the

443

longer trip to Pipavav may be operated on a weekly basis initially.

We have assessed the likely usage of this terminal in retation to cross gulf ferry services.

. Connections to other parts of India and mternatlonal routes may alsc be developed although
-these are not part of the present exercise. Our assessment of fikely usage of the Dahej is set
. outin the table below for ferry services operating with either one, two or three vessels.
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4.4.4

45

451

_' Us’ers.categ_ories Departures Arrivals
{Trucks . _ 64 : 40
_ ﬁSecond Class Passengers - 210 Y
| Business Class passengers 164 100

-We haVe made an assessment of the likely number of uses for the Dahej terminal on the same

ba5|s as descnbed for Gogha in sectlon 3. 44 Qur findings are that the design for the first
phase of shore facilties should be based on:

Joint Venture Arrangements

It is anticipated that the Dahej terminal will be developed in partnership with the private sector

- cement producing organisation Saurashtra Cement. It would use this terminal to import bulk

cement to the Dahej area from the factory at F’orbander. Shipments would be by smail bulk

. - cement carrier with dischafge to storage in shore based silos. A dedicated shore terminal wil
5 be provided by Saurashtsra'Cemen't.adjécent to the ferry shore terminal and this would be used
_ fpr bagging and distribution of cement. The cement terminal will be designed for an annuai

throughput of some 600,000 tonnes per year but detailed consideration of this is not pait of this

452

study.

With bulk cement discharge running simultaneously with passenger and vehicular ferry

- operations a great deal of._cére will be required to ensure that there is no interference between

. " these activities. In particular, the cement handling arrangements must be sufficiently pollution
. freeto ensure that the atmospheric conditions are acceptable for people who will be waiting for
v | /- ferries in reasonably close proximity to this operation. For this reason we think that transfer of
. the cement to the shore must be by enclosed pipeline and the use of conveyors should not be

454

allowed.

5.3 We have met the principals of Saurashtra Cement in Mumbai and they appear to be keen to
- move thig prOpOSaI forward and to develop this terminal jointly.

if the Dahej terminal proceeds irT joint venture with Saurashtra Cement the following facilities

(to be determined by Saurashtra Cement) are likely to be required in addition to the berthing

- facllity provided as part of this study:-

GMBCAV4~
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» . Safety equipment;
~» - Unloading facilities for discharge of bulk cement from vessels:
- o . : ‘A pipeline to transport the cement from the jetty end to the shore storage silos;
e Modern dust extraction and poliution control equipment;

-__15 _ . Additional width to the approach road to support the p:pe!me

e Lighting o jetty; —

455

: ¢ - Provision for road access both to highway and to the jetty;

< e Offices and workshops; ' \
e Landfor storage and parking arees;
e . Segregation from public areas with appropriate security arrangements;

e Silos for storage of cement;

"« Godown for cement handlihg activities;

. Bagging plant,
. Truck loading area.

“In addition to the faciiities to be provided for Saurashtra Cement, provision is made for Bharya
- Shipyard and some 18 hectares have been sllocated to the shipyard fo the east of the
~_terminal. The easterfy location is chosen to minimise interference between the ferry and

":":_.;shipyard operations since ferrles will not have pass in front of the shipyard, and shipyard- jettles

4.6

4.6.1

46.2

'~ could be built if requ:red without obstructmg the ferry terminal.

Marine Facilities in Detail

The bund extends to approximately the Low Water mark, beyond which point this form of

- construction becomes inappropriate. The core of the bund will be formed of granular material,
_selection being based largely on local availability, and this material will be placed by dump
trucks working from the shore. The external faces will be protected by concrete armour units

designed to give protection against the worst storms expected. The bund will be of sufficient
width to provide a two lane road, pedestrian footway (for emergency use only as foot

'pessengers will normally be bussed to the ferry) and services, together with a space for t_he

_cement pipelines. The height of the bund is such that the road will be above all normal water

and wave levels. : —

The access jetty contmues the bund and prowdes the access to deeper water. The jetty will be
a plied structure with a concrete deck supported on concrete plled bents at appropriate
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463

464

4.6.5

487
s site that has been selected for this activity is on the Guif immediately to the north of the

_spacing; Provision is made to support the cement pipelines. To minimise costs, the Jetty will
provide only a single lane road and a pedestrian walkway; guardrails and kerbs will be fitted on
both sides. As with the bund, the jetty roadway will be above all normal water levels. Near the

- main je_tty. the access jetty becomes wider, forming an area for traffic circulation and providing

a strongpoint for the support of the inner end of the linkspan.

The main jetty, which forms both the ferry berth and the unloading jetty will be an open
structure ‘with a concrete deck supported on' piles. The general construction of the jetty is

similar to that of the access jetty, but with shorter spans, and is heavier to reflect the loads
imposed by the cement handiing plant. The piles will support fenders on both sides against
which the ferries and cargo ships will berth and moor. Rails and supporting structures will be

provided for cement handling plant as required by the joint venture partner.

A linkspan will provide access to the ferry. The linkspan itself will be a steel box girder

- structure providing for a single lane of traffic, with a wider section at the ferry end to facilitate

access to the full width of the ferry. At the seaward end the linkspan is supported on an integral
buoyancy tank, whilst the shore end will be supported on the jetty structure. There will be
provision to pump water in and out of the buoyancy tank to control the level and trim of the
linkspan so that it will connect accurately with the ferry. The position of the linkspan will be

- controlled by strongpoints within the jetty structure.

A small amount of dredging will be carried out to the east of thé berth to provide a turning circle
for the ferries, and further dredging will be undertaken i in the channe! between the termanal and
the existing channel serving the IPCL jetty. Dredging of the channel downstream of the IPCL
jetty and of the channel across the bar is believed to be the responsibility of IPCL but it is not
known if this dredging is presently being actively undertaken. This matter would need to be
resolved before contractdal commitments are made.

There are already proposals to mark the dredged channel at the river entrance by 14 lit
navigation buoys and this proposal should be implemented, with extension as needed beyond

~ the IPCL jetty, before the Dahej terminal is commissioned. Buoys will be used to mark turning

| points and any significant hazards.

Petronet are planning to start up a substantial pbrt facility for the import of LNG to Dahej. The

E Narmada River estuary. |t is currently proposed that an offshore breakwater will be constructed

in about 20m water depth to give protection to the LNG berth from the prevalimg south
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westerly .mghsoon. Construction of this marine terminal, especially the breakwater, will have a
siggiﬁoarj'tz_ef‘foot‘ on the flow regime in this_aréa and this will inevitably result in a change to the

préoent"Siliotion and accretion levels in this area. The current flows in and around the estuary

o the &éfmada' River are complex with the riverbed and seabed having a tendency for
mobility. This will be aggravated by the new proposals. In order to estimate the changes that

are.ff_likelly:_‘l.to re'.sult the developers of the LNG terminal will have to conduct a detailed hydraulic

model- study In doing. this study, _considération should be given to the effect of the new
proposals on: the other facilities in the area This should cover jetties presently emstmg as well
as those proposed forthe Narmada Rwer estuary including the proposed ro-ro terminal.

Shore Fagilities in Detail

The shore fac1I|t|es have been planned usmg the optnmum techno-economic approach because

h:s en\nsages all functional needs coupled wsth technlcal standardisation to provide maximum
service fora mlnlmum land use. This plannmg has gwen the functional requirements such as:
. “Terminal buildings;
. | 'Ac_:i_mmnstratwe block;

Medical facilty;

‘s . Fire station,
» Communication facility,
. Police and security services;

. Fuel storage and filling station;
'« Water supply; |

e Drainage;
*« Refos_e disposal service;
. '_Weighbridgg;_:
‘. Shelter house;
» Post Ofﬁcé, telegram and fax services;
e . Parking fortrucks, cars and buses;
. Workshop for vehicle repairs.

The terminal building has lmtlaily been planned for 50 per cent of the capacity of passengers
and traffic for departure and arrival at any time,” based on the usage calculations at 4.4.4
sbove. It is thus about half the size of that at Gogha. It initialty prowdes space for ticket sales,
waiting space for departing passengers, a reception area for arriving passengers, baggage

Beckett Rankine Partnership
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473

' handlmg facmtles rest rooms, space for concessions such as snack bar and newsagent, and
-space for operatlonal requlrements (although most of these will be controlled from the

admmns_tra’uon building).

The administration building again is smaller than that at Gogha and prdvidés principéily office

- accommodation for terminal control and commercial administration, together with rest rooms

é_nd oihé‘r common facilities. Customs officials are housed in a similar, but separate, building in

474

4.7.5

t_he:same complex. The administration building also supports the control tower which houses

- the equipment for navigation control,

The shelter house and canteen provides rest facilities for truck drivers. It is similar to that at

. Gogha, providing dormitory accommodation for some 80 drivers on two floors together with
- toilet and shower facilities, canteen and social area.

Full infrastructure services are provided. A substation contains switchgear to receive the

| _'incoming'supply from the grid, and transformers provide the low voltage supplies for

distribution around the terminal. Backup generation is provided for critical areas (such as
navigation control). Water—-supp!y.is taken from the main supply, and storage facilities are

~ provided on snte to even out demand and provide reserves for fire fighting and in case of mains

failure. The storage facilities also prowde the large quantities which are required for bunkering
of the ferries. A smalf treatment plant is provnded for the |mprovement of water quality, and the
system is pressurised by an elevated reservoir. There is no central drainage treatment plant,

- and building drainage is treated through individual septic tanks. Drainage of roads and parking

~ areas is generally be discharged direct to the sea, but in sensitive areas, such as the filling

station, water is passed through oil and petrol interceptors before discharge.

- The medical centre provides waiting and consulting rooms and a small treatment area,

together with offices and stores, There is provision for in-patient accommodation.

" The fire station is initially smafler than that at Gogha, providing accommodation for three

appliances together with stores and offices. Open space will be provided for parking, vehicle

"washdown, hose drying and a iraining drill .area, There will also be provision for the foam
B storage needed for fighting petrol and oil fires. In the later stages of development, it will be the
* same size as at Gogha.
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4.7.8 Co_stiné&haire:heen worked out based on the above planning of the shore facilities using a rule
- of thumb basisf for the immediate requirements. These costings reflect the different levels of
~ facilities within each building.

4.’7.9_ A"'furthé_f drawing has also been prepared to give an indication of the type of layout that would

‘be 'r’et{ﬂired forthe shore terminal facilities associated with the ferry port operating with a larger
'Q.'capaclty to-international standards. This gives an indication of how the shore facilities might
e -'Iook |n a few - years time (see Drawing No 971003!30 in Appendix G). lt should be noted that
T3 this drawmg was prepared in the early stage of the study and does not fuIIy reflect the land
_;'-now available and the requirements for joint venture facilities. It shows a layout based on
currentiy accepted international pracﬁce with a’large marshalling area for the trucks which form
the principal traffic. There is also a large ar.ea for container storage, reflecting a further

" _ development of the ro-ro concept The layout provides for early separation at the entry gate

f Ebetween the freight and passenger fraffics, with a dedlcated passenger access around the
' perlmeter of the freight area. There is also extensive car parking, acknowledging that car
based passengers will begin to find the ferry usefu!. '

-4;8: Costings

4.‘8;1 These costings have beén"calculated using known prices for similar construction work in the

. area augmented by intemational construction costs where necessary and are based on
information available at this tlme and may have to be modified in light of survey and other data
received from slte in due course The costs in the first phase are summarised in the table
below.

ltem | First Phase
‘Construction Cost - Estimate (Rs Crores)
Berthing Jetty 29.21
Approach Jetty ‘ 13.73
Linkspan : 7.80
~ Approach Bund | ' 6.26
Transition Slab , 0.07
Dolphins _ _ .
| Dredging | 2.00
Navigation Aids S | 0.50 )
" Passenger Shelter on Jetty 0.30
i‘cﬁﬁdw-;mmésﬁ«m | . : - 57 ‘Beckett Rankine Partnership
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On’sﬁoreCivii:Works - - 0.80

Termana! Buildings 368
On Shore Anczllary Services : 0.49
TOTAL 64.84

482 -_;'In the. second phase additional terminal buildings will be prowded involving a furher
é‘expendlture of Rs. Crores 0,84 |

483 _'.’:Prowswn is made within the fendering costs, which includes those required by the ferry, for
o " fendermg for the joint venture ship, The fenders for the joint venture ship are not shown on the
| Drawings as their design is dependent on the type.of ship to be used. -

484 These costs do not inciude the purchase pnce for Iand or fees payable to licensing authormes
B ffor permlsswn to construct and operate a ferry: termlnal at this location.

| 4;8;{5 - The costs noted above for the shore terminal are for the facilities required for the ferry services
; ~ 'to start operation. Space has been allocated for further expansion to accommodate & ful
schedule of international services in due course.

4.8.6 - More comprehensive details of the costings are set out in Appendix B.
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5.0

5.1

5.1.1

SUVALI TERMINAL

'The:Site at Suvali

: "S'uva_ifli is on the eastern coast at the entrance to the Gulf of Cambay. Although the Guif is wide

at this location Suvali Point is at the end of an isthmus that protrudes into the sea further than

‘ the _s_‘urrounding land. Itis therefore a natural place for consideration for a ferry terminal which

B wbulc!'-for_m a principal node in the Gulf network. .

512

The land in this area is flat ahd

. low lying. From the borehole

* commercial facilies and a fail link

information made available to us

foreshore.

The area around Suvaii contains

-already in existence in the area, L

'aI_ready in place with direct

~is ~planed in conjunction with

it appears that the ground is
preddminately siity clay. Existing
structures. show that bunds can
be constructed across the

S | SATIERShe
The Port Site at Suvali looking Seaward

This is an exposed coastline particularly to weather from the south westeriy quarter, which is
the prevailing direction for-the monscon. The seashore has gently sloping beaches of fine sand

~-and there are muddy banks around the nearby rivers. Considerable offshore generated waves
~ can be encountered in this location. The Tapi River provides sheltered but shallow water within

its esmary. There is a considerable tidal range, ‘but it is less than is found in the northern part

of the Guif.

a number of major industrial
plants, and so main services are

Reasonable road access s

connections to the nearby city of -
Surat  which ‘providefs _ all

FRCARRH

Road Adcéss to Suvali

Hazira Port.
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1.5 Many of the industrial plants have made their own arrangements for shipping various
3 _commodltles and 50 a number of general cargo berths already exist along the banks of the
Tapi Rlver and at the river port of Magdalla, about 16km upstream. Although these berths can
only handle small vessels, lighters are often used to tranship their cargoes from larger vessels

- -anchored at sea close to Suvali Point. GMB is cieveloplng proposals for further general cargo
jj-'i"berths in the Tapi River. A major port at Hazira/Suvali Point to handlie LNG, other petroleum

- .;fpr_pducts‘ and bulk cargoes is now in the advanced planning stage. We are not aware of any

1. previous ferry services in the area.

1.6 Extensive hydrographic surveys

have been made in the area,
A ¢oVering. principally the Tapi

River and the offshore areas

- north of Suvali' point. These

' show that the Tapi River is
generally shallow with a bar at its
" entrance, whilst the _offs'ho.re'

areas are gently shelving with

natural deep water at some

GSPCL Gas Exp[oratlon Bund at Suvall

~ considerable distance offshore.

These surveys also cover the exploratlon bund constructed by Gujarat State Petroleum

: Company at Suvall pomi It should be noted that some of these surveys are now nearly 20

- years old and are unhkely to be accurate except in the most general terms Our latest layout is
" based on the proposals made by Shell,”

L7 A n'umber of boreholes have been made in the Tapi River in connection with developments
-' “there, and these give a general "indica_tion of the prevailing: ground conditions. We are not

aware of ahy boreholes made in the offshore areas, although some information should be
+ available from the GSPC exploration activities. It will be necessary to undertake borings at the
“specific site-before’ construction contracts are let unless information is available from the Shell

' development.

.8 There is no specific information on weather conditions, but they are unlikely to vary greatly
- . from those at the other ports in the network. There -appear to be no records of wave
% meaé_u_rements in the area, but the site is fully exposed to the southwestérly monsoon. A

: 'préliminary study for the new port has given désign wave parameters for the 100 year return
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51.9

52'

521,

5.2.2.

523

event of IQ'E'Brh"‘he'ight and 14.8 second period; this is of course the offshore condition and would
be reduced inshore.

'No tidal records exist for the area, but the extreme tidal range is believed to be of the order of

7.5 r_n'étres. A recent survey shows tidal currents running broadly parallel to the shore with a
maximum velocity of 5 knots.

" Preferred Location

Two alternative areas have been considered for the development of a ferry terminal in the
Suvali area (see Drawing No. 97/003/23 in Appendix B). These are at:-

. West side of the Tapi River estuary downstream of the Essar site,

. ‘South west side of Suvali Point

The Tapi River estuary is relatively well protected from south Westerly storms and does not
suffer from severe current flow. it is however a shallow river and the estuary has a natural bar
of silt banks that are likely to be constantly shifting. At the moment there is no access channel '
to the river with sufficiently deep water and this would have to be created in order to make this
location a viable proposition; It is likely that training structures would have to be constructed in
combination with regular dredging to maintain a viable shipping channel in this area.
Reclamation of some land in the area immediately downstream of the Essar industrial site and
berth could provide a suitable platform for a berth. Although this berth could be operated in
most weather conditions it is unlikely that ferries wouid be able to enter the Tapi River in

severe storms, even if an adequate channel could be maintained.

The Gujarat State Petroleum Company (GSPC) is prospecting for gas in the area around
Suvali Point. It has constructed a 1.5km long approach for as a driling platform. This bund
could possibly be made available for use by GMB as the basis of a ferry terminal. However the
berth would be some 2km offshore in an exposed location and would probably be unusable

o ~during most of the monsoon season. We considered whether it would be possible to support

the linkspan by hoists which would allow it to be raised clear of waves. Even if this is

- 'téchnically possible, it closes the service down for perhaps 60 days in the year which we do

not believe will be accepta'ble in a commercial service, the more so as Suvali is a prime
destination. We have considered also a protecting breakwater, but the cost is not economically

_' viable. Finally, there are safety implications in the public use of what would remain an oil and
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gas_exp!ération site, and for all these reasons we have discarded this option.

The_._§SSessmEnt was made before the tender to develop a large port (Hazira) in this general

‘ldca'tio'h“ Ndw that Shé'll Petroleum have won this tender they have prepared plans for the new

port and tentatrve provision has-been made for ferry facilities to be lncorporated within this

development It is likely that breakwaters would be constructed to provide sheltered water
S allowmg the ferry terminal to be used in all weathers. Since making the ro-ro terminal site

| . as_sessment, Shells plans have become more definite. -

525
- - assessment has been made on the merits of operating ferries at each of these sites; further
_detalls of this assessment can be found in Appendix B.- This assessment shows a clear

5.2.6

5.3.

5.3.1

532

The characteristics of the alternative locations have been examined and a comparative

advantage for a terminal within a larger development at Suvali Point.

This recommendation must then be conditional on the larger port development, but there is no
viable location (unless very considerable restrictions are .acceptable) which could be
developed independently without the unsupportable cost of a breakwater,

Proposed Development - Preferred Option

We have obtained general information on the proposed development at Hazira, and our

| specific proposals are based on-this information, Broadly we assume shelter within a larger
-development and access to deep water. Should the overall development change, then our

designs may need consequential amendment; however our design is fiexible and should be
capable of following the natural evolution of proposals without major changes. It is unlikely that
there will be marginal wharfage within the new port and so the Suvali terminal will be of the
same general form as those at Gogha and Dahej, being an “offshore” berth connected to the
onshore facilities by suitable access, We further- assume that there will not be joint venture use
of the berth since prospectwe partners will be able to construct their own facilities within the
port and the berth wil therefore be designed solely on the basis of use by ferries.

We have assumed that deep’ water will readlly accessrble within the port area and we have

‘ therefore sited the berth in5m water depth a!lowmg access at all states of the tide. Dependmg

_ oh' thé:speciﬁc form of the port construction, adequate depth may be found sufficiently close to
~ the shore to obviate the need for an access jetty, and the linkspan will be supported directly on

shore structures. Should this arrangement not be practicable, then a short access bund or jetty
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3.3

34

3.7

4.1

4.2

1.3

-~ will be required similar to those proposed at Gogha and Dahe;j.

Costs are minimised by the elimination of most of the berthing jetty and the ferry berths against
a line of dolphins; these will be substantial structures fitted with fendering systems capable of
absorbing the impact of the ferry berthing. The fendering system will take account of the
varying sizes of ferries and will allow for differing levels of impact due to tidal variations, The

| ~dolphins will also be fitted with mooring bollards and will be finked to each other by walkways
- allowing access for rope handiing.

= Access to the férry is via a Iiaks.pan, similar to those at the other terminals, which is supported
by an integral buoyancy tank at its outer end; location of linkspan is controiled by a dolphin at

the outer end and its attachment to the shore at the inner end. Access to the ferry for foot

“passengers would be by way of a segregated walkway.

It is assumed that the general port configuration will provide adequate shelter for the ferry
berth in all weather conditions and no further shelter is provided within this proposal.

Principal shore facilities are located on reclaimed land close to the berth providing facilities for
reception of foot passengers and vehicular traffic, traffic control and administration. However,
because of the limited area available, it will be necessary to separate certain functions (such
as longer term parking) to a back-up area on shore.

These proposals are shown on Drawing 97/003/76 at the end of this section, and others in

Appendix L.

Terminal Capacity

The ferry te'rminal at Suvali is near to the city of Surat and is likely to be a major node in the

- ferry net\n)ork.

Ferries from Suvali are likely to service two destinations in the first instance; these are the
cross Gulf links with Gogha and Pipavav. There is unlikely to be a demand for a route to

Mumbai.

We have assessed the likely usage of this terminal in relation to cross Gulf ferry services.
Connections to other pérts of India and international routes should also be encouraged but are
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arising _from the most adverse weather and sea conditions. The dolphins will be fendered on
the jberthi_‘nc'_:; face_ and the fendars will be chosen.to accommodate the tidal movement of the
férry. The fendets will provide energy absorbing units at high and low levels and these will be
Iihk‘gd by vertical facings with low friction coatings allowing the ferry to move {(principally
vertically) against them without damage to ferry or fender. Light walkways will link the dolphins
to facilitate -the‘handﬁng of mooring ropes, and a number of the dolphins will support mooring

.- bollards. The seaward dolphin will be strengthened as this will normally be the ferries’ first

: pdint of contact. y

“An éd_ditional dolphin will control the location of the linkspan which provides access to the ferry.
- The linkspan itself will be a steel box girder structure providing for a single lane of traffic, with a

wider section at the ferry end to facilitate access to the full width of the ferry. At the seaward

s .‘end the linkspan will be supported on an integral buoyancy tank, whilst the shore end will be

7:1

‘supported on the jetly structure. There will be provision to pump water in and out of the
-buoyancy tank to control the level and trim of the linkspan so that it will connect accurately with

 the ferry.

it is not expected that any dredging will be required as the ferry berth will be formed within the

overall port construction.

- Shore Facilities_in Detail

The shore facilities h‘a've been planned using the optimum techno-economic approach because

" this envisages all functional needs coupled with technical standardisation to provide maximum

service for a minimum land use. This planning has given the functional requirements such as:

» Terminal buildings;

. Administrative block;

° Medical facility;

. Fire statidn;

N Communication facility;

. Police and security services;

. Fuel storage and filing station;

. Water supply;'

. Drainage;

. Refuse disposal service;
. Weighbridge;
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- " Shelter houses;

* '- _ ‘ 'f#’bSt Office, telegram and fax services;

o el Parkmg for trucks, cars and buses; - -
e e 'Workshop for vehicle repairs.

- The above listing will provide a seff suficient terminal similar to that provided at Gogha, both in
\ o :.isize"‘:.-'fah'd scope. It is possible however that certain facilties (for example, fire fighting and
"-n"__j.?‘.f_fne:"c'lliééi'and the basic infréstructur'e' for'services) could be provided from the facilities to be
o provndecl for the port as a whole. This would be a matter for discussion between GMB and

- Shell.

- 5.7.2 The terminal is designed for the same traffic levels as Gogha, provides the same facilities and
' uses the same structures wherever 'p_ossible, so that the details applicable to Gogha (Chapter
. 3, section 3.7) apply equally here and are not repeated.

| 573 1t should be noted that the area allocated for the onshore facility, as shown on Drawing

i @ 97/003/78, is'hot-large enough to accommodate_au facilities; it has been necessary, therefore,
to split the onshore facility into two widely separated sections. Such an arrangement is less
than ideal, and results in a large part of the staging and marshalling area being at some
distance from the terminal. ) |

574 We note also that the area allocated occupies a iarge proportion of the area which would
normally be allocated as the back-up area to the general cargo berth, Whilst this may not be a
problem in the short term, our experience elséwhere suggests that it may be a serious
inhibition of any development of the berth, such-as might be required for container handling.

_5";‘7.5 We suggest therefore that GMB should expiore with Shell whether additional reclamation might
: be undertaken (for example to the west of the berth), to allow all ro-ro facilities to be brought to
a single site and provide for future developments of the main port. Allied to this discussion are
safety aspects. As at present' arranged, the access road to the ferry terminal passes ver'y' close
to the LNG terminal, and in the event of an accident at the LNG terminali, this proximity might
prevent evacuation of the ferry terminal, and indeed of the cargo and iron ore berths. We think
“that it would be prudent to discuss this as well with Shel and consider whether'alt_érnate
: é_c_cess might be made _ayailablé, or the existing access realigned further away from the LNG

o terminal,
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5.8

581

Costi_ngs

These cost estimates were calcuiated on the basus that the ferry terminal at Suvali will be

..'constructed within the larger development of the Hazira port. These costings have been

: ,calculated using known prices for similar construction work in the area augmented by

- mternattona! constructaon costs where necessary and are based on information available at

this time and may have to be modn“ ed in light of survey and other data received from site in

. due course The costs for Phase 1 are summarised In the table below.

tem - Construction Cost Estima@e (Rs Crores)
Piling _ 0.91
Linkspan 7.50.
Bankseat 0.13
Dolphins | 6.34
On Shore Civil Words 0.87
Terminal Buildings : 4.24
On Shore Ancillary Services | 0.64
TOTAL 20.63

in the second phas_e _additional terminal buildings will be provided involving a further

expenditure of Rs Crores 1.54.

It should be noted that in the above table, the costs of the onshoré facilities have been based
on the cost analysis for Gogha.

Soil design parameters are not available at sufficient depth in order to allow accurate
estimation of piling costs, and so considerable variation in the price of the piling is possible
depending on soil conditions found on site. Piling costs make up approximately 70 per cent of

‘berth costs, and the estimates of piling cost included are closer to the higher end of price

variability. A Rs 5 crore redugtion in the total price of the project would represent the probable
tower bound of piling cost variation in respect of the preferred option. Costs of onshore works

— assume -that the reclaimed area will be suitabie for shallow foundations as are used at the

other sites.

_These costs do not include the_pur¢hase price for land or fees payable to licensing authorities
- .for permission to construct and operate a ferry. terminal at this location nor any fees or royalties
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. _tcft:hé dé'{/élbpers of Hazira port.

.5 8. 4 The costs noted above for the shore terminal are for the facilities required for the ferry services

: to start operahon Space has been allocated for further expansion to accommodate a full
sched ule of rn_ternational services in _due course.

‘_'5“.78.5."_ A bfeakdown of the costings is attached in Appendix B.
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0

PIPAVAY TERMINAL

_ The Sites at Pipavav and Jafrabad

Te et

AR

Pipavav and Jafrabad are two 'ports situated about 20km apart on the Saurashtra coast on the

o w-estern:side of the approach to the Gulf of Cambay. They are exposed to the open Gul, but

"-;the land offers some protection from the southwesterly mansoons. Although ferry journeys from

these ports wdl inevitably be lengthy they wil be considerably shorter than the alternative of
o travellmg by road and development of a ferry terminal at one of these locations would

A single jetty is situated in the
© centre of the harbour and for most -

eastem shore of the Gulf. - A

‘western shore of this natural inlet

considerably improve the transportation links with southern Gujarat.

:}_'This_ is & rocky coast with hills further inland. There is deep water close to the shore with littoral

currents keeping silt away from much of the coastline although there are some inlets that are

- heavily sitted up. This area is directly exposed to the ocean with little protection against offshore

generated waves and storms, particularly during the monsoon period, can be disruptive to

_'shipping movements.

Jafrabad is a small harbour-and .. . ..

home to a seasonal fishing. fleet.

of the year cement products are
exported from this jetty to the
Narmada Cement factory on the

breakwater: extending from the

The Breakwater at Jafrabad

offers protection to the jetty; but _
has been damaged by storms. The presence of the breakwater may also contribute to the

siltation within the harbour which requires constant dredging to keep the berth and turning circle

operational. There is-only limited road access (through narrow streets in the town) to the south

- side of the harbour and abypass would be needed before any development could be

1.4

. considered.

Pipavav Port is located behind a small island. Shial Bet, which offers some usefui protection
against wave action, particularly during the monsoon period. The port has recently been
developed and there are three general cargo berths operational with an LPG terminal under
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con_strudtion.-We understand that a new container terminal is being developed now that PSA
have' j_pine_d the project. Land reclamation is also proceeding and it is understood that
construction of a ship breaking yard may start shortly. This entire development is in the area
protected by Shial Bet and these berths are believed to operéte in all weather conditions.

 However it should be noted that the Larsen and Toubro Cement Works jetty, which is only 600m

t:c){the sgguth.west, of the Pipavav Port je'tties, cannot be used during the monscon period due to

- wave action, suggesting that the viability of berths is very sensitive to location. The remains of a

6.1.5

6.1.7

failed -attempt to introduce a ro-ro
berth can be seen at the western

— I .
[

P

i

!

!

end of the new jetty construction. |-
The strength of this berth was
clearty Inadequate and it is
understood that it collapsed

without being used. Road access
is poor but it is understood that .
proposals are in hand to improve g
this,

Hydrographic information is available for both ports, although that for Jaffrabad is clearly
dependent on the continuation of the maintenance dredging. At Pipavav there is deep water

~alongside the berths and, since there does not appear to be any requirement for maintenance

dredging, it would appear that these depths are stable.

We do not have any borehole information for these sites since detailed construction proposals
are outside our terms of reference, However continuing developments show that jetty
construction is feasible, and developers will no doubt be able to obtain access to boreholes and

construction records relating o the recent devé-lndpments.

There is little specific weather information for Pipavav and Jaffrabad, the prevailing system

being the southwesterly monsoon. We have not found any records of wave activity; as noted

6.1.8

above cOnditions_at Pipavav are clearly sensitive to position, and although one source considers

that there is too much swell in the monsoon, this is countered by reports of year round activity at
the general cargo berths, A study of conc_litions at Mithivirdi (some 100km further up the coast)
has projected a maximum significant wave height of 4m.

We have not obtained detailed tidal records for these ports, where the tidal range will be
somewhat less than that at: Gogha further up the Gulf. There is similarly little information on
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6.2

622.2;! o

5.2.2

.2.3

2.4

currents but these are hkely to be typlcal of the Gulf conditions at 4 —5 knots. There are no
reports of nawgatlonal difficulties at either port

Prgferred ‘Location

Fb'ur p_'o_ssible sites have been considered for the development of a ferry terminal in the
Jafrabaleipavav area (Drawing No. 97/003/22 in Appendix B2. These are at:- \

e Jafrabad harbour, western side;
. Jafrabad harbour, eastern side;
e - Pipavav Port, western side (prewous ro-ro site);

. Pipavav Port, eastern side.

The western side of Jafrabad harbour offers gdod protection against storms and is particularly
well protected agalnst the south westerly monsoon. A new jetty for ferries would have to be
constructed from the western shore and the area of dredging near the centre of the harbour
would have to be extended to provude sufficient depth of water. Road access to the western
side of the harbour is currently restricted with all traffic having to pass through the narrow streets
of Jafrabad. A new by-pass would have to be constructed to connect the ferry terminal directly

‘with 'the main road.

The eastern side of Jafrabad harbour could accommodate a ferry terminal. This would have to
be to the north of the existing cement jetty because all areas to the south would be too exposed.

- Road access to this side of the harbour is good and a connection could be made directly to the

terminal. It is generally not desirable to operate ferries in close proximity to industrial plants
uniess they are controlled by stringent anti-pollution measures. CloSe. attention would have to
be given to such measures before a ferry terminal could be developed in this location.

The western end of the jetties at Pipavav port is a réasonable location for constructing a ferry -
terminal. Although this would be the least well protected area of the port it is only marginally
more exposed than the No. 1 berth that is currently in operation. The location of the previously

“failed ro-ro berth is still available and this could be used to good effect following removal of the
- wreckage. ltis understood that suitable road access can be made available to this berth and an

area of land would have to bé allocated for a shore terminal.
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2.5

P

."
:

The eastern srde of Pipavav Port is well protected against storms and a ro-ro termmai could be
o constructed here ‘There would be adequate water depth, safe berthing and easy access. An

s approach bund would have to be constructed together with a new Jetty and dolphins to berth the

o vessel This area does however have the disadvantage of being rather too close to the LPG
. __ terrnmai that is current!y under constructlon and this may have adverse safety implications.

Furthermore road access to the berth would have to cross the main gas pipelines, There are

.also p!ans for an LNG terminal in this area, although this does not appear to be moving forward

R "at the moment.

26

The characteristics of the altemative locations have been examined and a comparative
assessment has been made on the merits of operating ferries at each of these sites; further

- details of this assessment can be found in Appendix B. This assessment shows a clear

211

advantage for the western site at Pipavav where the new berth would be constructed at the

general location of the previous ro-ro berth.

It ishnderetood that if the ferry terminal at Pipavav is to be constructed this would be carried out
by Gujarat Pipavav Port Limited which is a joint venture company with GMB. We have not
therefore made any detailed proposals for _th'e terminal at this site.
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7..'.1 f

 EERRY OPERATIONS

Ro-RdVesselTxpes

The sea transportation of cargo by Ro-Ro vessels has become popular in recent years,

- particularly in Europe where several ports are dedicated to this form of transport. This

o ;‘_‘popularity is driven by the effectiveness and versatility of Ro-Ro operations largely because

_‘fﬁis form of cargo can be-handied quickly and cost effectively. There are several types of Ro-

Ro vessels currently in use around the world, many of which have been specially designed for

713

__dperation on dedicated routes for specific cargoes. In selecting particular vessels for operation

bn individual routes consideration must be given to the sea conditions on these trading routes
as well as protection from storms at the berths and the facilities that will be made available for

handling cargo at the shore terminals.

The type and volume of cargo to be carried on the service must also be considered because
Ro-Ro vessels can be loaded and operated in a number of different ways. The loading of self
drive vehicles, particularly trucks but also cars and buses, is probably the most common form
of Ro-Ro operation. Shipping of unaccompanied trailers and containers is also popular. This
can be highly efF C|ent for some transport businesses because the roadgoing tractor unit and
driver do not go on the ferry and therefore can be deployed on other work during this time.

There is, of course, more space avaﬂable on the vessel for cargo rather than having, to carry
the dead-weight of the vehicles. One of the most effective way of utilising Ro-Ro vessels is to
block stack cargo directly onto the main cargo decks. However this is a specialist operatlon

and cannot readily be mixed with the g'eneral carriage of vehicles.

Safety is of paramount importance when operating of Ro-Ro vessels, both while they are at
sea and when handhng cargo at a berth, and this is considered in detail in the next chapter. A

number of accadents in the last few years have highlighted the fact that Ro-Ro vessels are
inherently unstable when even a small amount of water mﬁlt_rates the main cargo deck. it is
essential that no comers are cut in the operation of Ro-Ro ferry services because mistakes in

operation that would appear to be small can have devastating repercussions.

7.1.4.1For a ferry se'rvice_to be effective it must be able to maintain a regular timetable of operation

-that can be relied upon by transportatidn businesses. The ferry services will be in competition

with the alte‘rhlativ'e meth‘od'of'transpoﬂing'the goods which in this case would mainly be
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dnvmg on the state ‘and national hrghways around the head of the Gulf. Haphazard and
unrehable departure times would not be a realistic alternative fo a road journey even though

_.the _s_e__a trme might be quicker over the specified route. Efficient operations will also require a
'3-;,‘.quio_lg_'tu'maround in port with fast and efficiently organised unloading and loading of vehicles in
: j' order to make the service viable. Regular ferry operations should be exempted from
- p'roc_edures that som_etimes delay vessel movements, for example customs controf should not
cover this operation (unless service embarks from outside India) and the master of the ferrv

- ‘.‘.‘.‘shou!d be able to navigate without additional pilot assistance after he has sailed a specified

. number of crossings on each of the routes.

715 We have cons_idered_the' introduction of Ro-Ro services across and around the Guif of
: Cambay centred on new terminals at Gogha, Dahej and Suvali. Also included in this exercise

is a terminal at Pipavav, which is also likely to be constructed and the existing Ro-Ro terminal
at Mumbai Ro-Ro services to other ports in India may be introduced in due course as well as
mternational services, for example to the Middle East. EE.’L the purpose of thrs report we have

LI W a5 o BN %]

consrdered that the cross gulf servrces wrlt commengce with combined Ro-Ro and passenger

6“"* g R e, AR i, w AN

vessels leaving the more specsallst vessels to be mtroduced at a later stage

R T

R a1y e AL i T A

-7.1.6 - Ro-Ro ferries sailing between the terminals in the Gulf of Cambay must be sufficiently powerful

and manoeuvrable for operation in these waters. Vessels with twin propeliers and bow
thrusters would be preferable. Sea keeping in storm condition is aiso an important factor
particularly for the more exposed routes in the tower Gulf of Cambay and onward to Mumbai

where ocean going vessels would be required.

7.1.7 To give examples of vessels that could be used for this Ro-Ro service we have drawn

together particulars of a range of vessels that are currently in operation in European waters,
Six typrcal vessels are shown on ‘the following pages. As most of these vessels have been

desrgned for specific routes they have a broad range of dlmensrons charactenstlcs cap_acrtres

Tt e,

i
and capabilties. Vessels wath conventronal .stern doors and ramps would be required for this
[ e i -

serv:ce Vessels with no on- board ramps or with quarter ramps would not be surtable for this

start-up risk to a minimum. Specialist vessels such_as fast ferries—and_vehicle carrying
m s e :
catamarans are normally introduced to routes that have atready established a firm demand.

operation, We have only considered conventional vessels at this stage in order to keep the
-.._-—.-——-""

The fonnage of the vessets shown may appear to be anomalous due to a change in the

GMBCTVE - revisad 26/04/01
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o '_"'Ro-ﬂﬂ:e'r"rv 1 - Conventional Pagsenger and Vehicular vesse| -

* Buitin -

" Length
Beam
Draft.

Stern ramp + stern passenger ramp

"-'JCapacizty- " 75trucks”

1981
137.4m
22.5m

5.8m

19.5 Knots
9120 tonnes.

T Iy SRS N

1800 passengers

Ro-Ro Ferry 2 - Conventional Pagsenger and Vehicular vessel

- Builtin
Length
Beam
Draft
Speed
GWT

-Capacity

Stern ramp

1978 |

151m | '
23.6m

7.3m

17 Knots

18732 Tonnes

40 trucks

688 Péssengers

Ro-Ro Ferry 3 - Conventional Freight vesse|

Built in
Length
Beam
Draft
Speed
GWT
Capacity

1984

120m

16.5m

53m

15.5 Knots
8000 Tonnes
80 Trucks

12 Passengers

Dual stemn ramps
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-~

Ro-Ro Ferry 4 - Conventional Passenger and Vehicular vessel

Buil't-_i'n' C1975.

Length ~  114.6m

Beam 18.6m

Drat - 4.1m T
Speed 195 Knots EahE At
GWT - 4649 Tohnes S TS
Capacity 34 Trucks

1100 Passengers
Stern ramp

Ro-Ro Ferry 5 - Cbnventional Passenger and Vehicular vessel

Buitin 1974

Length  153m

Beam 25.2m

Draft . - 6.2m
Speed . 19 Knots
GWT 26290 Tonnes

Capacity 134 Trucks
. 881 Passengers

Stern ramp_"

‘Ro-Ro Ferry 6 - Double Ended Pas'seng:ef aric_! Venip;u}gr vessel

Leng':thi:‘ . .88m ST A m L AF.
Beam- 13.3m

Draft o 44m

Speed- ~ 11.5Knots

GWT_ . _' 4000 Tonnes

Capacity 18 Trucks

450 Passengers

Bow and Stern ramp -

76 . * Beckett Rankine Partnership
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ansrent nature of many Ro-Ro operations a number of secondhand Ro-Ro
;avarlable on the world market, Recently, the availability of secondhand Ro-
_llnlcr;ease_d because of the new channel tunnel linking UK with Northern France.
d i.n*_'over capacity on one of theworld’s most popular Ro-Ro routes, which has
] 'tbe'ing'shifted to other routes with some being made available for sale. Also Ro-
Iy perators are becoming conscious of two separate issues, namely the requirement for

ar d_safer vessels.. By upgradrng their ﬂeets with high speed ferries some operators are
'”'--:some of their slower vessels Withmodern ferries now incorporating more saféty
ures 'some of the. older vessels are also becommg available. Clearly utilisation of older
vessets must be consrdered ln the light of the requrrements that are necessary to make the
L peratron of these new routes as safe as possrbte

7 _;9: A table has been prepared of Ro-Ro vessels: that are currently available for purchase to gwe

an mdrcatron of the market. This is- attached in Appendrx D

72 ” Passegger’l‘-‘erg- Tm_e_s'

T2 1 Although prrorrty consrderation is bernmﬁﬂM&mﬁMcﬂon of a combined vehrcle and
. .oassems&.temr.s.emmudesrggmf the termmals should be prepared wrth a vrew to the future

ERAE wmcm,u;

commencement of a passe er only fi ferry servrce Catamaran fernes as referred to in the

ket

e

)
| -brref are one category from a range of vessels that operators would consrder when assessmg

' the vrabllrty of these routes It is- Ilkely that conventronal fernes and other fast fernes would aiso

i

be considered.

7.2.2 The selection of a vesse"ll for: a'particmar route- needs to take a large range of factors into
consideration. ‘Route - Iength and “sea state are ‘among the more “important factors for
consrderatron and they are interrelated Passengers will tolerate an uncomfortable trip for a

' short penod but most would avord 1‘/2 to 2 hours of drscomfort Original fast ferry crossmgs ,

| .were considered fo be practrcally_ limited to aro_und-_one hour duration but recent improvements

. in ride quality have ‘rn_crea_sed this f(or"l'arger-craft (where passengers may walk around) to near
1% hours. A rougher route -thereforemreqyireg a larger craft ‘E’?Fh. better sea.keeping qualities.

723 Although_small_| pacrtx com pWQWerrreMast ferries can_tranggort
ER W senger mgmgwms,gf.eggpunt of: therr _high:speed and quick turnaround times.

K
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, GujaraifiMefg‘tir;heb ‘B_pard_‘:‘- "

724 Conven’uonal monohull ferﬁes
could be operated in the Guif of
'Cambay. Although slower than _

: the more larho%ous fast ferries | -

wﬂn.m- At i 9 e e 7

they ‘would more economica! to

LA o, gy g AT mamama oot SR o

operate which . could be an'_ﬂ

advantage, particularly when
setting up a new route. Vessels |
with good sea keeping abiity

would | be ;equired as well as ] " typical Conventionat Few"
sufficient power and manoeuvrability to cope with the strong tide. A typically conventional ferry

that could be suitable for operation in these waters is shown here.

7'.2.5‘ There are eight main designs of fast ferry, these are:

. .The standard catamaran
e Thesmal waterplane twin hu!| catamaran (SWATH)
e The hydrofoil
. Foil assisted catamarans
'« Wave piercing:catamarans
» Air cushlon veh:cles (hovercraft)
. Surface effect sh|ps (SES)-comb:nataon of air cushmnlcatamarah

. Fast monochulls

7 2.6 Al these designs have one aim in common wh|ch is to reduce the energy that the craft
expends in wave makmg (form drag) and therefore reduce the amount of engine power

requured to push the vessel at high speed.
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VP ered by,two or. four engines
i-*’Iocated wnthm the hulls, While
S0 e craft stlll use . conventlonal

propéllers the majonty are now
i tted _\_Nlth‘_ -a.water jet propulsion
' system This has the advantages

. .'c'>.f;. -greatly reduced draft and
T _'incr;ea_é.ed ‘manoeuvrability.
Typically a water jet powered

30m Soient Class Brinclpal Detalls

Length 31.5 metres
Beam 8.4 meires
Draught 1.1 metres
Passengers 120 :
Speed 38 knols

|o||6 I ANEEIRF [BNRRR
cRBERIRD BEERERE | [ w
o ENNERL [WEEEE b -

Fast Catamaran Ferry

catamaran would not require a bow thruster for berthing.

7.2.8 As a result of the broad beam and high speed of a catamaran ferry it can suffer from an

awkward and uncomfortable motion in a sea. The motion is much quicker and jerkier than a

At

conventional ship's_roll_and this can cause motion sickness. To ameliorate this problem

e i

modern craft are frequently fitted w;th actnve foll stabilisers or trim tabs. These do improve the
ride quality a little but the development of these systems Is still at a relatively early stage and

much greater imp, mgxgments can be expected in the future.
kbl

2.9 A SWATH vessel is a catamaran with hulls which are very narrow at the waterline but are

bulbous at the bottom below
the waterline. By reducing the
waterplane. area of the hulls the
véssel becomes much less
responsive to the passing of
waves since the vessel's
buoyancy is  concentrated
‘below the water surface.
SWATH vessels are normally
powered by  conventional-
propellers - although waterjets_

38m Atlantic Class Principal Detalls
Length =~ 39.7 metres
Beam 14.2 metres
Draught 2.7 metres
Passangérs 400

Speed 30 knots

FIRHQTS B¢ N METRE WWAVLS
VIRTICAL MO
s ACCHLERANON ANGLE "
M
Efuzn
b

HEAD SIAS RPAKL B AT

A Swath Vessel

can be fitted. SWATH vessels have the best motion characteristics of all types of vessel and

_-are thus more suitable for routes with larger and longer waves such as are present in the
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L :glyen speed and payload.

".7721:0' HSS (Hrgh Speed Ship) ferries
: have been rntroduced on selected

_servrces-around the UK. - These
- SWATH type vesseis carry cars,

the speed .of- conventional .fernes
. and operate successfully in light
-'and moderate sea conditions.

7.2.11 The hydrofoll is a proven design
that has been in use worldwide for

over 30 years. Hydrofoils reduce

: -"trucks and passengers at twice .

Ui of Cambay SWATH vessels are relatively deep drafted and they are significantly
ore expenswe to build than conventional catamarans, they also require more power for a

HSS in Service

the drag by raising their single hull out of the water on either totally or parily immersed foils.
They consequently have the disadvantage of deep draught for their size particularly when they
are travelling at slow speed or are at rest. Hydrofoils tend to have higher power demands for a

given speed and payload than. the more modem'catamaran designs, therefore few are buiit

tod'ay.

7.2.12 A foil assisted: catamaran is a*catamaran wrth fcnls fi tted below the hulls. Thls results in vessels

with deeper draft and greater

‘stability than standard

catamarans.

7.2.13 Wave Piercihg Catamarans are
catamarans ~ with 'a  sharp.

| protruding nose to each hull. The
theory is that the nose 'pierces

| through an .onco__ming wave

' resulting in a more gentle rise of

the craft to each wave. The

incat T4m (shown) Principal Detalls
" Gar  Passenger
Carrying  Only

74.2 48.7 metrey

280 18.2 matres
3.0 1.9 metras

430 450
80 .
38 36 knots

Wave Piercing Catamaran

AAMBATUR  raviend 380404
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0: bvraté the need for active ride control systems as well. Wave pierr:ihg

Bt . . O,

: -5,.:=-high Wa\fes over a short timescale. Seacat Car and ﬁ’assenger Catamaran Ferry
'Hovercraft have been proven in service having been tried and tested worldwide since the
‘ ‘_'19605. ‘Hovercraft have the unique advantage over all other types of fast craft in being
"-;--a_mphi_bious. They are therefore
‘an excelient vehicle for routes

oo - Griffon 4000 TO Principal Detai
‘with ‘very shallow water or poor tongth . 17.0 matres
o = . geamm 7.3 metras

rau; -

port facilities since they are able ‘ Phtsangers €0

_ Speed 35 knot
to run up a beach and discharge o

passengers directly to the shore.

A previous attempt to run a

At

hovercraft service from Gogha to
M—-—-ﬂ—“" e,

[em———— el

Suvali. ~ was’ - unsuccessful,
P on- .

although this may be a reflection
on the commercial viability of the Hovercraft
route especrally for passengers

only, rather than the sultablllty of the hovercraft

- 1,218 Early‘ hovercraft designs had high power requiremerits per- paésenger carried. Due to
technical advances, particularly in skirt design, modern craft are much more economical. Other
recent developments have included the use of lightweight diesel engines instead of aero

___,........—J
engines 'giving greater rehablllt and easuer mamtenance Also im rovements “in airscrew
y

IR A

design have made the craft significantly quieter. One remaining disadvantage of hovercraft is
~ the cost of maintenance to the skirt. This can become a significant maintenance burden if the
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I

' craft regularly travels over an abrasive surface. In general travel should only be over wettec
surface “:f-_sklrt life is to be maximised,

other craft hovercraft are not affected by the speed or direction of tida currents

peratmg near. thelr max:mum sea state. Hovercraft are. however affected by wind

| overcraft can, in their larger sn_zes-such as used by Hoverspeed on the Dover-Calais
te carry cars, but not heavy commercial vehicles.

2.1 :'_‘::T hef‘S_ES_ is a development of the hovercraft with the side skirts replaced by very narrow hulls

: '."-_with '-'ﬂe)éible skirts only at the bow and stern. Forward power is by -conventional water

| _‘ ':propélfers. This modiﬂcation'results in a greatly reduced length of skirt to maintain but at the
- cost of the loss of amphibious capacity. An SES has a relatively deep draft for its size when at

~those often encountered in the
. lower Gulf of Cambay during the
 monsoon.

7.2.19

. engines. They ‘are _u_s_ed, on_

'conventlonal vessels with powerful

rest and, like standard hovercraft, would be unable to operate in rough sea conditions such as

Fast monohulls are iong thln"-

relatively calm’ routes :particufariy'_
in the Mediterranean although a |

- new service has recently_started_ T S Super SeaCat

across the English Channel with
‘Super Seacat’ vessels. However they are not.generally suited to rougher routes with long

_ swells on the beam such as occur in the lower Guif of Cambay.

7.3 Ferry Routes
731 In order to analyse the likely movement of ferry bound vehicles and passengers we have
developed a network of ferry routes to fink the proposal terminals around the Gulf of Cambay.
We have also included Mumbai as a destination and for the purpose of this study we have
~ assumed that the existing Ro-Ro terminal in Mumbai would be fully operational and available
for use. ' o h
Beckett Rankine Partnership
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7.3.2

7.3.3

The Proposed Network Of Ferry Routes

L]

Combined vehicle and passengerl_Ro—Rg vessels have been ‘adopted for the purpose of this
study and timetables have been drawn up shoWing a practicél operation for one, two or three
vessels. Ferry routes to other parts of India and international routes, particularly to the middle
east, will be required to maxirhise the efficiency of the terminals, but this is beyond the current

scope of this study.

The routes that we have examined are:

1. Gogha - Dahej (40km, 1.6 hours)

This is the shortest crossing across the Gulf of Cambay !in'king the small town of Gogha, which

is close to the commercial city of Bhavnagar, and the lightly populated area at Dahej which is
being developed as a major industrial site and close to Bharuch. Navigation in the upper Gulf

GMBCTVE -~ revised 26/04/01
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of Cambay i_s _r_r_iéde-difﬁcult by the presence of unusually strong currents, which have been
repdrted at‘befween'? and 8 knots in the area of this ferry route. The water is sufficiently deep
for safe nawgatzon throughout this route although care will have to be taken approaching

) Dahej because navngatron will be confined to a. dredged channel. It has been reported that the

g approaches to Bhavnagar are liable to frequent change which means that water depths may

' _:.'jbe vanable in the area around the GOQha terminal. One other possible hazard to navigation is
‘the’ Iarge and sudden change i in current flow with the higher offshore velocities giving way to
e more tranquil flow as the water depth becomes shallower. In general the wave climate is not
- s':eye're (heights_ less than 1m) and wave heights on this route would rarely exceed 2 to 3
metres although, during the monsoon period, there is likely to be a fairly constant sea from the
‘south westerly direction. As this would generally be on the ferry's beam this could give rise to
unpleasant rolling motions in ferries on this route. Appreciable periods of downtime at Gogha
are expected to be unusual as Gogha is sheltered from the sodth‘-westerly waves, At Dahej,
‘the terminal lies in the Narmada River within the confines of a narrow navigable channel. From
the Narmada River entrance there is a recognised navigation channel north to the Bharuch
Roads. Although most of this route will be tenable throughout the year the approach to Dahej

is likely to be difficult in strong south westerly conditions and this may result in some downtime.

The extent of this downtime is considered below.

2. Gogha - Suvali (77km 3.2 hours)

This route will form a link between two significant centres of populatioh on opposite sides of the
Gulf of Cambay, the city of Bhavnagar on the west coast and the city of Surat on the east. This
route invoives navigating through the difficult waters to the north of Suvali where there are a
number of sand banks visible at low water, with 'éome at a distance of several kilometres from
the shore. Hdwever, there appears to be plenty of adequate water depth in this area but an
easily recognisable channel will have to be clearly defined and marked before the service can
start. The stability of this channel will also have to be established because some of the
sandbanks are known to be mobile. Currents are less extreme in the Suvali area than around
Gogha but the southern part of the Gulf is prone to greater wave activity. This route is likely to
be navigable in most cenditions but it is possi'ble that sea conditions during the monsoon

~ period will cause some downtime in the approaches to the Suvali terminal; the terminal itself,
being inside the harbour, will be unaffected by all but the most extreme conditions.

84 Beckett Rankine Partnership
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3. Gogha to Mumbai (400km, 16.5 hours)

Th|s coastal foute will connect the city of Bhavnagar, which is one of Gujarat's main trading
centres wrth India's most important commercual centre of Mumbai. This is a coastal route with

) a substantual portion of it in exposed offshore waters. The route initially duplicates the Gogha~
_-Suvall route, but thereafter is in open waters exposed, in the monsoon season, to a south-
westerly wave climate, AIthou_g__th|s may lead to some unpleasant motions on boerd the

ferries it is likely that downtime. will.not.be significant on this route providing the vessels are

e o,

suﬁ' crently large and stable
4. Pipavav - Dahej (143km, 5.9 hours)

This route connects the new industrial development at Dahej with the rapidly expanding port of .
Pipavav which is now becoming the largest port in southl Saurashtra. Pipavav is sheltered with
easy access {o the Grant Channel which forms the main approach to the Gulf of Cambay close
to the western shore, As discussed above, conditions at Dahej may be difficult during the
south-west monsoon and it is therefore likely that there would be some downtime on this route

dunng the monsoon penod
5. Pipavav - Suvali (122km, 5 hours)

This route will provide a link between the new port at Pipavav on the western approach to the
Gulf of Cambay with the city of .S.urat on the eastern side. From a navigation point of view this
is a difficult route because it involves crossing the Malacca banks which are notoriously mobile.
For the purpose of this study we have therefore considered the route passing along the
recognised Grant Channel and joining a hewly formed channel linking Gogha with Suvali, as
described in 2 above. In severe weather conditions the wave climate in the Suvali area is likely

to give rise to downtime
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6. Pipavav.- Mumbai (280km, 11.5 hours)

Almkwillbeformed between the fast expanding port of Pipavav in south Saurashtra with

o __;"*Indié’s" commercial centre of Mumbai. Although this is a relatively long sea crossing the

auernatwe wou[d be a considerably longer road journey around the western and eastern

- ’l-’:shores of the Gulf of Cambay This is an entirely offshore route and a course should be set to

~ used there should be little downtime on this route.

avoud ‘all'the shoals in the entrance to the Gulf of Cambay. Provided ocean going vessels are

7.3.4 We have examined the possible operation of vessels on these routes. From this study we
i . heVe derived a schedule of trips on the basis of one, two and three Ro-Ro vessels serving the
) n'etWérk of five -terminals These schedules are based on a combination of the demand for the
ferries between vanous destmatlons as well as the practlcalltles of Operat|ons including
| duratlon of salllng ’umes “These schedules are attached in Appendix C.. Our findings sndlcate

thata weekly schedule of routes could be developed as foltows

Route Round trips per week
1 vessel 2 vessels 3 vessels

Gogha-Dahej 2 4 5
Gogha-Suvali 2 6 8
Gegha-Mum_bai 2 3 6
Pipavav-Dahej 1 1 1
Pipavav-Suvali 1 |4 6
Pipavav—Mum bai 1 2 2

In order to examine the potential for deve!oping a ferry servic__e_ between each of the

destinations we have also considered each route in isolation, with a single vessel operating a
dedicated service on each route. Clearly the shorter routes in the upper reaches of the Gulf
would have a more frequent servic_e than the jonger distance open sea routes. This would

result in the following possible Operatibn for each route:

" GMBCTVE - revisad 26/04/01
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7.35

7.4

7.4.1

74.2

7.4.3

Route =~ = “Trips round -
; | per week
‘| Gogha-Dahe; 21
“Gogha-Suval 1
‘ _Gogha-Mumbai 4
'_ Pip_afrav—Dahej 7
Pipavav-Suvali 7 .‘
‘Pipavav-Mumbai 5

It should be noted that although we recommend a network including Mumbai, that port does

not at present have facilities to serve ro-ro vessels of the type proposed for the service, as the
o e " LR NI Wt G4 R TR o 1,

linkspan previously used has been removed. For the purpose of this study, we have assumed

that facilities will be made available since the Mumbai routes are important to the success of

the service.

Aids to Navigation

Aids to navigation should define the width and alignment of the shipping channels and any
hazards. Effective aids to navigation are vitally important for the safe passage of ferries across

the Gulf of Cambay.

The navigator will rely on two main types of aid: -

- onthe vessel - charts of the area

- outside the vessel - navigation marks (usually buoys) marking hazards and channels
Although modern electronic equipment will allow very accurate determination of the ship’s
position, allowing, theoretically, navigation solely by reference to the chart, most navigators will
prefer to be guided by visible marks related directly to channels and hazards.

The positions of the existing navigation marks in the Gulf of Cambay covering the sailing
routes between Gogha, Dahej and Suvali are shown on Admiraty Chart No 1486 — India -
West Coast - Gulf of Khambhat and Approaches

GMBCT7VE - revised 26/04/01
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7.4.4"
- Suvali, Mowever it will be necessary for ferries to pass to the north of this channel on passage
“to Gogha and Dahej. A safe navigable channel will have to be defined through these waters

745
~“channel at the entrance to the Narmada River up to the IPCL jetty. This propos'éf, or

We have noted that the Sutherland Channel is well marked and lit immediately offshore of

~ marked clearly by navigation buoys.

We have seen a proposal for the provision of 14 lit navigation buoys to mark the dredged

: 'something similar, will-'llave to be implemented before the ferry terminal at Dahej can be

746

7.4.7

7.4.8

7.4.9

commissioned. At Gogha, we recommend that two additional buoys should be provided to

mark the general approach to the proposed ferry terminal.

Channel markers should be made conspicuous with light characteristics and radar reflectors
that allow them to be easily identified against a background of other lights or in bad visibility.
The markers should have a luminous range of not less than 6.5 nautical miles and should
remain visible at all times to the pilot. To reduce the possibility of vessels grounding, markers

should be located as close as possible to the edges of the approach channels.

Gated pairs of markers are usually preferred by mariners for marking straight channel legs. In
critical areas, channel markers should be spaced at longitudinal intervals not greater than one
nautical mile as this is the maximum spacing for which a pilot would be happy to maintain

control based on his visual perception of the channe_l as marked by buoys.

The desigh of the terminals provides a turning area at each for the safe turning of ferries. The
boundary should be marked with special yellow markers located at not greater than 45°
sectors relative {o the centre of the turning area, The markers should have a luminous range of

not less than 6.5 nautical miles.

All marks will be fitted with radar reflectors, For these fo be effective it is essential that ferry

operators ensure that the radar system on each vessel is in good working order at all times.

7.4.10 Lights on aids to navigation should conform with the following: -

¢ The |IALA Maritime Buoyage System'
¢ The IALA Recommendations for the Rhythmic Characters of Lights on Aids o

Navigation
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7.5

7.5.1

7.5.2

7.6.3

7.54

7.5.5

756

Nig"hg:-Navigaticn

For the ferry service to operate successfully it is essential that all routes can operate
throughout the 24 hour day. Although the waters in and around the Guif of Cambay are difficult
to. nawgate this can be achieved providing proper safeguards are put in place to ensure safe

nnavigation at all time.

'AII terminals will have to be properly lit with navigation aids to assist vessels approaching the

berths. However, every precaution must be taken to ensure that 2 mariner cannot be confused

as to which is terminal lighting and which is lighting to assist navigation. Warning lights will also

be required on structures such as the long approach jetties to indicate their location to passing
vessels. Working areas on the jetty and linkspans will have to. be lit to internationally
recognised standards in order to ensure that safe working can continue throughout the night.

On jetties and berths, the minimum average illumination will not be less than 50 lux

The Sutherland Channel IS well marked and lit immediately offshore Suvali. However it will be
necessary for ferries to - pass to the north of this channel on passage to Gogha A safe
navigable channel will have to be defined through these waters marked clearly by navigation

buoys with lights showing appropriate characteristics.

Two additional lit buoys should be provided to mark the general approach to Gogha. Further
navigation aids may be necessary should future hydrographic surveys show alteration to the

channels.

We have seen a proposal for the provision of 14 [it navigation buoys to mark the dredged
channel at the entrance to the Narmada River up to the IPCL jetty. This proposal or socmething
similar will have to be implemented before the ferry terminal at Dahej can be commissioned.

A ship carrying dangerous goods requires an additional width allowance for safety when sailing
through navigation channels particularly when passing another “vessel and there is

GMBOCTVS —revised 26/04/101
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_consequent!y an lncreased risk of a ship running aground. We therefore recommend that

757

mght-tlme camage of dangerous cargoes should only be allowed when there are calm weather
and sea q@ndmons. These restrictions should be clearly set out in the Rules of Operation.

Navigatipn.a_!_dng-a restricted channel is much more difficult at night and the risk of accident is

N 'ﬁrdponiOnaiely higher. Consequently bends should be avoided as far as possible in the
: de3|gn of navigation channels particularly in the termlnal approaches. The risk of groundlng is

P ﬂ-also reduced if the legs between bends are straight and not curved.

757

759

:GMB must also ensure that the VTS is available at all times for the assistance of mariners.

o fideally. po'rt controls should be in operation for 24 hours daily, but where the ferry service is

infrequent in the initial stages, any port control must be available to advise on weather
conditipns and the like before the ferry leaves the previous port. In the case of the longer

- crossings, this may require a terminal to be open earlier than might otherwise be necessary for

the reception of traffic.

Night navigation involves the ferry crews working unnatural hours when their vigilance and
reactions to emergencies are likely to be reduced. In some cases, a crew may perform better
if it is kept on continuous night duties while in other cases, performance might be improvéd‘by
the day and night crews alternating their periods of duty on a weekly basis. What shifts the
crews should work will need to be the subject of careful planning but vita.lly important is that the
welfare of the night crew is kept at the highest level. For a ferry to operate at night as well as

during the day, sufficient-crew sleeping quartérs must be available to accommodate the off

duty crews. This may resultin a reqUiremént for larger ferries.

76 Downtime

7.6.1 It is inevitable that ports located ih exposed locations, such as the Gulf of Cambay will suffer a
certain amount of weather related downtime. The prevailing environmental conditions such as
wind, waves etc are likely to make each of the sites that we are studying unsafe to use at
some fimes during the year. This part of the study_ has assessed these conditions with
_particular emphasis on the annual occurrence of adverse conditions and quantified this as
-downtime in order to provide an indication of its impact. |
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o
3

~ There are three components which have to be established in order to calculate the length of
downtime experienced at any site:

a.. Operational Limit

For each of the various criteria there is a limit above which ferry operations cannot télke
place. This limit is generally derived from experience of other similar operations and is
dep'endent on the type of vessel, its size and interaction with the prevailing conditions.
Operational limits will differ for individual activities such as berthing, cargo handling,

navigation etc.

b. Intensity
A record or hindcast of the intensity of the selected criterion has to be prepared in order to

establish if the operational limit is passed.

C. Duration

The length of time that the intensity is greater than the operational limit is the time which is
potentially lost for ferry operations. For a port operating with a high berth utilization factor all
of this time would be lost, whe.reas for a low utilization factor the potential lost time may or

may not coincide with the presence of a vessel and therefore actual lost time.

7.8.2 There are several factors that can cause downtime at ferry terminals and the relevant
underlying environmental conditions have been reviewed earlier in this report. These criteria

are.

a) Visibility

Weather records for the Gulf of Cambay show that on average there are only 1.7 half days
in any year when the vigibility is less than 1km. The majority of this time is in the. morning
with only a minimal effect in the evening. Poor visibility could affect navigation, especially
when ferries are crossing shipping lanes, although the extent of this is dependent on the
navigation control systems that are-used. Ménoeuvring on and off the berth would not be
delayed except in dense fog and cargo handling would not be rdelayed at all. Dovyntime due

| -to lack of visibility is therefore minimal and we have allocated 0.5 day for each port.

by - Current
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There are strong currents in the Gulf of Cambay especially at times of spring tide. In
- extreme cond:tlons this could become a problem when ferries are manoeuvring on and off
‘the berth The berths would be located to mmlmlze the effect of current and in the absence

: of specn" ic data on current conditions we have estimated a nominal 1 day of downtime
relatmg to current for each of the terminals at Gogha and Dahej. As the berth at Suvali is
within an enclosed harbour, we do not expect downtime due to this cause here. Similarly at

| Plpavav there are few currents in the terminal area and downtime may be expected fo be

5

mwmm

c) Rain

- Ro-Ro operation is not as susceptible to disruption by rain as many other types of cargo
handling. Although heavy rain may reduce the safe maximum speed of vehicles on the
jetty it would only be during severe storms that the rain would be heavy enough to cause
delays to the safe use of the terminal. Even at these times it is not expected that the delays
would be excessive and therefore no allocation has been made for downtime resuiting

from rain.

d)  Wind

For most of the time the strongest winds are likely to occur at the same time as the highest
wav'es because the wave climate at these sites ‘is principally a result of locally wind
generated waves. There will however be occasions when strong winds from a direction that
gives sbme protection against waves could delay cargo and passenger handling. This
would be most pronounced at the Gogha terminal where strong cross winds could delay
access along the approach jefty and yet the waves would be limited by the protections
from Piram Island. We have allocated 2 days of wind related downtime for Gogha. On a
similar basis it has been assumed that there would be one additional day of downtime at
Dahej due to wind above the tifne when the terminal would already be closed due to large
waves. At Suvali, where the terminal is within the harbour and there is no exposed access
jetty, wé think that there is unlikely to be any interference with operations. Similarly, at
Pipavav, the terminal is sheltered by the land and is likely to have only a short access, so

that wind driven downtime Is likely to be very small.

A cyclone passing through the immediate vicinity would inevitably cause the terminals to
suspend operafion. However, cyclones in the Gulf of Cambay are rare and therefore

=staltal'stically insignificant with respect to annual downtime. The historical distribution of
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783

cycldhes is such that they would cause a discrete period of downtime at extended intervals
rathe,r.than' a set amount of downtime each year. We have therefore not made any specific

allocation for cycione related downtime.

e)  Waves
E_xCessiVe vessel movement due to waves would be the major environmental cause of
halted -operations in the area. To establish a basis for assessing the extent of this

downtime we have related the expected wave conditions to the type of vessels likely o be

| o'perated. Operational limits have been taken from the PIANC report “Criteria for

Movements of Moored Ships in Harbours” which gives acceptable movements for specific
vessels while berthed and handling cargo. These were related to waveheights through a

model study for the indo Gulf jetty at Dahej.

“The distribution of waves was calculated for all directions and hence the probability of an

unacceptable wave climate calculated. This was factored as appropriate to give the

distribution of downtime from all directions and then totalled over all directions.
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" ‘Waveheight, m

The_’distribﬁution of wind and hence local waves varies a great deal over the year and has
thereforé_ been divided into monsoon and non-monscon periods for the purpose of

“downtime calculations,

The wave distributions are shown below.
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Our analysis of wave related downtime at both of the sites gives these figures that are

presented in the table below.

[Site Monsoon Non-Monsoon [Total -
Dahej [29.8 1.2 31.0 |Days
Gogha ; 0.1 6.2 6.3 |Days
Suvali |Assumed same as Dahej [31.0  |Days
N o4 ‘Beckett Rankine Partnership
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764. Total Q_bwntime, —

A summatlon of the estimated average number of days lost to weather related downtime is

given in the table below:

_{ VISIBILITY

N CURRENT | RAIN | WIND WAVES | TOTAL
-GOGHA 0.5 1.0 0.0 9.0 6.3 16.8
DAHEJ 0.5 1.0 0.0 1.0 31.0 33.5
SUVALI 0.5 0.0 0.0 0.0 31.0 315
- PIPAVAV 0.5 0.0 0.0 0.0 20.0 20.5

It should be noted that although we make allowance for downtime, anecdotal evidence and
local eXperience suggest that disruptions will be less frequent than shown in the tables.

7.6.5. Sensitivity
A sensitivity analysis was carried out in the cases of Gogha and Dahej to give a measure of
confidence in the previously calculated downtime figures. it was found that the downtime at
"each site is extremely sensitive to the limiting significant waveheight chosen (and its
corresp'onding period). The reason for this is that these I_imiﬁng parameters correspond to the
greatest occurrence of waves within the overall spectrum. Therefore the response to a small

change in limiting waveheight is a large change in the amount of downtime. Similar

Downtime Sensitivity to Limiting Waveheight
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- conclusions will apply at the other ferminals.
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1.7

7.7.1

For eaCh-vesse_l type and state of loading there is a different response to a given wave climate,
This is béééuée the response of a vessel is related to its weight, shape, size and the
‘dis‘tributidn- of mass within the vessel. The period of the incident waves also has a great effect
on 'determining the characteristics of movement of the vessel. We have used a study of vessel
characteristics res_ponding to the mean wave period similar to the required wave spéctrum. ltis
th_erefore likely that these downtime estimates are reasonably accurate. However the

| ‘se'nsitivityiis such that a detailed analysis would have to be undertaken using the actual tyﬁ‘es

of vessels that will operate on the proposed ferry services. Furthermore it would be prudent to
undertake a detailed examination of these conditions using a range of vessels with a view to

séfecting the vessels with the favourable response.

In order to carry out a more detailed examination of the vessel movements under the present
wave spectrum it would be necessary to carry out a model study with specific input of the Ro-

Ro vessels to be used in conjunction with the expected wave climate.

Agreement with Ferry Operator

Before commis's'ionihg construction of the terminals, the Board will wish to be sure that a ferry
network will be put in place to utilise them. A prospective ferry operétor will in turn require
assurances in respect of timely availability of the terminals, operating charges, and possibly
traffic levels. It will thus be necessary to draw up an agreement between the Board and the

ferry operator setting out clear understandings in these matters.

We suggest that an agreement could include:
' Guarantees by both parties in respect of implementation, i.e. GMB to build

terminals, the operator to commission ferry fleet.
. Start date

. Terminal charges to be levied by GMB

) Responsibility for terminal operation and management
. Relationship with joint venture operator and responsibilities towards him and
obligations from him
. A minimum term and conditions for extension of the term.
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7.8

7.8.1

7.8.2

7.8.3

. Re.qyir‘em_ents in respect of ports of call, service levels and fares
' o ' Pbé#i_bie.guarantees by GMB or State Government in respect of fares revenue
e | Rédu;rgménté for insurance by the operator
e Any requirements for exclusivity -

L. | Responsibilities (by GMB) in respect of VTS and navigation control in the Guif

o Provision of navigation aids and services
- ~ Provision for ongoing survey of channels and routes
' _'o Provision for expansion of services on existing network
~ » _ Provision for expansion of network R
,‘ . Guarantee/understanding in respect of Customs Act
. Provision for ferry operator to take on foreign partners (or not)
. 'Relationship with port owner at Suvali

. Operation of Cus_toms Act -

This chapter explores the issues pertaining to the Customs Act and other Statutory Acts which
would probably hinder the smooth operation of the proposed water transport services. The

exemptions needed from various sections of the Acts are also considered in this section.

At present, several forms and certificates are required to be filled in and deposited with the
Customs and Port Authorities by home trade cargo vessels. This system of documentation
would affect the smooth flow-of loading/unloading of vehicles, which inturn would dissuade the
truck operators and other users from using the services. Hence, it is essential that the coastal
ro-ro services be exempted from certain sections of the relevant Acts as recommended below.

There are various authorities with powers for the regulation of water transport services in
Gujarat and along the coast-line of Gujarat. A list of such authorities is given below :

Central Government
. Directorate General of Shipping
. Ministry of Ports & Fisheries
. Ministry of Surface Transport

. Ministry of Law & Justice

GMECTVE - revised 26/04/01 a7
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. Customs Department

' :'Statg and Loda! Government

. Surat/Bhavnagar Municipal Corporation
s - Surat/Bhavnagar Urban Development Authority
. “Gujarat Industrial Development Corporation
N Tourism Corporation of Gujarat )
. Transport Authorities in Gujarat
. Gujarat Maritime Board

. Kandla Port Trust

. 7.84 Relevant Acts enacted by various ministries pertaining to coastal shipping are given below.

7.8.5

7.8.6

. The Customs Act, 1962 - -

. The Major Port Trusts Act, 1963
. The Merchant Shipping Act, 1958
A view of the above Acts brings to light certain aspects of their operation which would inhibit, or
even prevent, the effective operation of ferry services in the Gulf, These shorfcomings will
have to be overcome by making suitable modifications as highlighted in the following section.
The constraints placed by the various Acts and the modifications needed are discussed below.

The Central Government of India set up a high power committee headed by Mr. R.D, Pradhan
to study the problems of coastal shipping engéndered by the Customs Act and recommend
remedial measures. The recommendations made by the committee are presented in Chapter
2 of the commiittee’s report. Based on these recommendations, the Department of Revenue,
Ministry of Finance, issued a directive (F>N0.450/118/83-CUS V) dated October 8, 1986.
asking the customs collectors to simplify the procedure for port clearance of coastal shipping
vessels. We support these recommendations, subject to our further comments below.

It can be noticed from this letter that the coastal cargo ships would still be required to prepare
an Export Manifest (which would be accepted as Import Manifest at the destination port).
However, we think it unlikely that the truck operators would be wiling to take up this extra
burden and suggest that the "Way Bill, which contains details of the number of packages and
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7.87.
' ~to reduce or preferably eliminate, their application to an intra-coastal ferry ¢ service,

o S_'e_'ctidh::"33 - Unloading and loading of goods at approved place only.

goods ‘in'th_e 't‘.ruc':k. should be accepted at the ports of origin and destination instead of the
_Export'-Manifest-._ ‘

.ln this connectlon the following Sections of the Customs Act, 1962 need to be modified so as

b

'jE.xcept.with the permission of the proper officer, no imported goods shall be unloaded and no

eprr;,‘-goods shall be loaded at any place other than a place approved under clause (a) of

section 8 for the unloading or loading of such goods.

Section 34 - Goods not to be unloaded or loaded except under supervision of Customs
Officer.

Imported goods shall not be unloaded from and the export goods shall not be loaded on, any

conveyance except under the supervision of the proper officer.

Provided that the board may, by notifications in the Official Gazette, give general permission
and the proper officer may in any particular case give special permission, for any goods or

class of goods to be unloaded or loaded without the supetvision of the proper officer.

r

Section 36 - Restrictions on unloading and loading of goods on holidays etc.

No imported goods shall be unloaded from and no export goods shall be ioaded on any
conveyance on any Sunday or on any holiday observed by the Customs Department or on any
other day after the working hours except after giving the prescribed notice and on payment of

the prescribed fees, if any.

Provided that no fees shall be levied for the unloading and foading of baggage accompanying

a passenger or a member of crew and mail bags.
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Section 37 - Power to board conveyances

The proper officer may at any time board any conveyance carrying imported goods or export
goods and may remain on such conveyance for such period as he considers necessary.

_ S_éét_ibﬁ 38 - Power to require production of documents and ask questions

*“For the purposes of carrying out the provision of this Act the proper officer may require the
_z_.ipe;fsori-inf—__charge of any conveyance or animal, carrying imported goods or export goods, to
~produce the documents and to answer any questions and thereupon. such person shall

. ‘produce such documents and answer such questions.
' Section 92 - Entry of coastal goods.

1. The cdnsigner of any coastal goods shall make an entfy thereof by presenting to the proper

officer a bill of coastal ﬁoods in the prescribed form.

2. Every such consignor while presenting a bill of coastal goods shall at the foot thereof, make
~ and subscribe to a declaration as to the truth of the contents of such bill.

Section 93 - Coastal goods.not to be loaded until bilt relating thereto is passed, efc..

The Master of a vessel shall not perrﬁit t'h_e Ioading. of any coastal goods on the vessel until a
bill relating to such goods presented under Section 92 has been passed by the proper officer

and has been delivered to the Master by the cohsigner.
Section 94 - Clearance of coastal goods at destination.

1. The Master of a vessel carrying any coastal goods shall carry on board the vessel all bills
relating to such goods defivered to him under Section 93 and shall immediately on arrival of
the vessel at any customs or coastal port dellver to the proper offi cer of that port all bilis
relatmg to the goods wh|ch are to be unloaded at that port
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2. Where any coasta! goods are unloaded at any port, the proper officer shall permit clearance
thereof if he is satisfied that they are entered in a bill of coastal goods delivered to him
' ‘undq_r-s_ectlon (a).

S _ Sectiqn_9_5 ~ Master of a coasting vessel to carry an advice book.

7'_1",‘ The_:f;_'Master of every vessel carrying coastal goods shall be supplied by the customs
authorities with a book to be called the advice book.

2. The proper officer at each port of call of such vessel shall make such entries in the advice
book, as he deems fit, relating to the goods loaded on the vessel at the port.

3. The Master of every such vessel shall carry the advice book on board the vessel, and shall,
on arrival at each port of call, deliver it to the proper officer at that port for this inspection.

. Section 96 - Loading and unloading of coastal goods at customs port of coastal port

only.

No coastal goods shall be loaded on or unioaded from any vessel at any port other than a
customs port or a coastal port appointed under section 7 for the loading or unioading of such

goods.
Section 97 - No coasting vessel to leave without written Order

1. The Master of a vessel which has brought or loaded any coastal goods at a customs or
coastal port shall not cause or permit the vessel to depart from such port until a written

order to that effect has been given by the proper officer.
2. No such order shall be given until.

1. The Master of the vessel has answered the questions put to him under section 38.
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1. All charges and penalties due, in respect of the vessel or from the Master thereof, have
"been paid or the payment secured by such guarantee or deposit of such amount as the
proper officer may direct.

2. The Master of the vessel has satisfied the proper officer that no penalty is leviable on him

"under section 116 or the payment of any penalty that may be levied upon him under that
: -fs_ectlon ‘has been secured by such guarantee or deposit of such amount as the proper
" officer may direct.

- Section 98 - Application of certain provisions of this Act to coastal goods, etc,

1. Section 33, 34 and 36 shall apply to coastal goods as they apply to imported goods or

7.8.8

7.8.9

export goods..

2. Section 37 and 38 shall. apply to vessels carrying coastal goods as they apply'to vessels
carrying imported goods or export goods.

3. The Central Government may-, by notifications in the Official Gazette, direct that ali or any of
the other provisions of Chapter VI and the provisions of Section 45 shall apply to coastal
goods or vessels carrying coastal goods, subject to such exceptions and modifications as

may be specified in the notification.

The Major Port Trusts Act, 1963 insists on compulsory pilotage at all major ports. Certain ferry
vessels in the past were exempted from the above Act, provided that the Masters of these

vessels were trained and were also licensed by all-receiving ports, Such a concession should

aiso be extended to the proposed ro-ro service, or there should be a ciear understanding that
the Act does not apply to the ferry ports. Any concession, of course, should not be allowed to
detract from the need to ensure that Masters and officers are fully conversant with the routes

they will operate on.

In addition special arrangements should be made for ro-ro vessels to be assessed for port
dues and light dues on a concessional basis. 1t should be noted, by reference to the Techno-
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Econo'mi_t_:':f-'R\ép.Ort that setting port dues and charges at an inappropriate level may have an
‘adverse-effect on the commercial viability of the service

7810 Un_dér.;;S'gc_t:_i'on 412 of the Merchant Shipping Act, 1958, the power to fix and revise passenéer
: and freight fares lies with the Central Government. However, we have shown in the Techno-
'_"-.ﬁzEconomic:»report that the ferry operator will need to maximise revenue by setting fares
©adjusted closely to demand. Whilst we doubt that it wil be feasible (or commerdially
o +advantageous) to adjust fares daily in response to demand, there are certainly likely to be
__:_s_eaéonal_adjustments, and adjustments needed to transfer demand between routes. it is also
Tikely that the charging structure wili need to be reviewed after the service has been in
-operation for some time and demand patterns can be assessed with more accuracy. In'our
analysis we have considered only single fares, but clearly the principal demand will be for

- return fares, and there will be a need to adjust costs between single and return fares and

" between Iohg and short term returns. It may also be appropriate to offer season tickets or

multiple journey concessions.

7.8.11 In such a dynamic situation, it would be impractical to work with fixed charges, but the

| government is unlikely to work on a commercial timescale to revise the charges once they are

fixed. This would advers'ely‘affect the margin of the operators and the viability of the service.
Hence, it is recommended that the shipping company shouid be allowed to revise the freight

rates in response to market conditions. it should be noted that these comments apply equally |

to passenger and vehicle traffic.
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REVIEW OF SAFETY-CONSIDERATIONS

| Int'i'q;'!.dlt::;_' ion

' Mérin_g_ conditions in the Gulf of Cambay are some of the most difficult in the world. The area is
nog_e_:c}_;?;fér,_;;rs'trong currents, large tidal range and occasional cyciones and the terminal

T “approaches can be particularly hazardous due to the shifting sand banks.

v

‘Studies by the Permanent Intemational Association of Navigation Congresses (PIANC) on
__"aqgid_ents show that the majority of accidents to vessels occur in the port approaches and that
apart from ‘mishaps on board ship, such as rhachinery failure, weather damage, fire/explosion,
letc,_the two major causes of accidents are collision and grounding.

in this chapter we identify the safety hazards that are likely to be met by ferries operating in the

'Gulf of Ca'mbay and the steps that are required by both the ferry operator and the Gujarat

Maritime Board to reduce these hazards.

At Sea

The ferry operator is responsible at all times for the safety of his vessels, In this connection, he
must take note of all adverse weather and sea conditions which might develop in the Gulf of
Cambay and affect ferry'sefvices. He must make all necessary adjustments to ferry sailing
schedules and services to eh'sur_e that at no time is there any risk to the safety of the ferries.

Simitarly, the ferry crews must remain in continuous communication with harbour control and
other information centres with regard to anticipated weather and sea conditions, The crews
must remain constantly alert to take any necessary action to avoid an emergency which might

affect the safety of their vessels.

It is the responsibility of the port authority to monitor any changes in the shipping channels
such as shoaling and to make this information readily available to ali interested parties.
However, the ferry operator must ensure that he is kept informed of any changes which might
_afféct_ferry routes and satisfy himself that there is no risk to the safety of ferries sailing on

these routes.

8VBravised 250401
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3 In ,view_ of the varying and' changeable conditions (tides, currents, shifting banks etc.) it is

A

essential for ferry crews to have good and up to date knowledge of local conditions. In the
eaﬂy stages it'may be necessary for the ferries to carry pilots to obtain this knowledge, but in
the longer term officers should be appointed who are suitably quétiﬁed with a good knowledge
of the local waters.

The pr.indipai effect of winds is in the generation of wave activity which is considered below.
However strong winds will cause erratic handling and will particularly affect navigation in'the
pbrt approaches and berthing and unberthing and the officers (especially) and crew should be
competent to deal with such a situation. The Rules of Operation (see 8.2.10) should clearly set
out limiting weather conditions.

Strong wave activity does occur in the Gulf of Cambay and can cause a ship to undergo
excessive and violent movements which could result in damage to both the vessel and its
cargo. It is during these penods that the safety of a ship is usually most at risk and much
depends on the type of vessel and the competence of the crew; it will be important for the crew
to be fully trained in the safe and secure stowage of cargo. The Rules of Operation should
again set out limiting weather conditions and shouid give guidance as to response when
adverse conditions are encountered en route

There are strong currents in the Gulf of Cambay, especially during spring tides. However,
these are not likely to be a problem for modern ferries in the open sea and in no way affect
vessel safety. Care must be taken to remain in a safe position with respect to other vessels

when crossing between regions with greatly different currents.

Navigation can be adversely affected by poor visibility, particularly where ferries are crossing
shipping lanes and need to slow down for safety reasons. However, in the (_?ulf of Cambay,
records show that visibility of less than one kilometre occurs on average only 1.7 half days in
any one year. The majority of this time is in the moring with only a minimal effect in the
evening. Ferries will be eduipped with radar and will be assisted by VTS so that poor visibility

is unlikely to affect safety.

In the event of extreme bad weather or other emergency sjuation, the master may decide that
it would be unsafe to continue the voyage, or remain at the berth. Instead, he may prefer to
hold the ferry in a sheltered area. Suitable areas should therefore be designated along the

ferry routes and their positions should take account of:

VBrevised 25/104/01

105 Beckett Rankine Partnership
' Kashec
Ray Infrastructure



jarat Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

e Transit speeds and times
. Tidél‘characteristics
s. Currents
« Weather data
"« Shelter from prevailing sea conditions
. The suitability of the sea bed for anchoring
~ » The sufficiency of searoom for a ship to swing at anchor

.9 "Th_é _beﬂh at Suvali, within a protected harbour, is likely to be the p'referred sheiter in all but the
- most-adverse conditions.

.10 It should be noted that the best defence against bad weather on the voyage is a
comprehensive and reliable weather forecasting and reporting system which will identify times

when it would be unwise to leave port.

.11 A VTS is an advisory service for mariners on ships passing through the system. Surveillance of
traffic is carried out by the VTS centre with information exchanged between the ships and the
centre at prescribed “reporting in” points.. The VTS centre is usually equip"'ped with radar,
radio, communicative devices, traffic data processing systems, etc.

12 The services provided by a VTS include: -

- an exchange of information with vessels on such matters as safety and traffic
conditions

- obtaining reports that ships are defective

- the provision of supporting activities such as pilotage, search and rescue, etc,

- giving assistance to vessels in difficult navigational or meteorological circumstances

- warning of obstacles and giving information on alternative routing

- scheduling of vessel movements such as establishment of a one-way traffic system.

13 Although a ship must remain at all times under the control of the ship’s master, none-the less,
the VTS centre can require a vesse! to conform with certain requirements to ensure safety.
These include adhering to speed limits, remaining at anchor and not proceeding beyond a
‘certain point until clearance Is given. Investigations by PIANC have shown that the risk of
collision and grouhding of vessels has been successfully reduced in areas where a VTS has
been introduced. We strongly recommend that this system is used in the control of ferry traffic

in the Gulf of Cambay..
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} Rules of Operation are set by a port authority for reasons which include improvements in
safety. The rules specify such matters as when it is safe for certain classes of vessel to
navigate certain areas and what to do in emergency situations. in the difficult conditions in the
Gulf of 'Cambay, an improvement in safety would be achieved by the introduction of a set of
Rules of Qperation which might include the following or similar depending on the advice of the
local pilots; _

- - All vessels over 50m long should be restricted to sailing along the shipping channels;
- The maximum-speed in a shipping channe! should be restricted to12 knots: :
© - Vessels travelling in the same direction along a shipping channel should not be
permitted to overtake each other; .
- Vessels travelling along a shipping channel should take priority over vessels crossing
the shipping channe!;
- Limiting weather conditions;
- Special regulations for Suvali (taking account of LNG. terminal).

‘We consider that the application of a set of Rules of Operation covering the Gulf of Cambay
would provide' a very powerful tool for use in ensuring the safety of ferry services.

Port Areas

At all times, the safety of each ferry and every person on board is the responsibility of the ferry
senior officers. However, ferry movements within the port area will 'be subject at all times to
control by the harbour master.

The harbour master controls all shipping movements in the port and supervises the port control
duty managers. The harbour master will have the following duties with regard to ferry
management;

- To advise when a ferry can enterfleave the harbour

- To advise when a ferry can berth/unberth

- To instruct a ferry to leave the terminal during an emergency on shore, eg fire .

- To instruct a ferry in an unsafe condition to leave the terminal, eg if damaged by ship

collision.

The port control duty manager issues instructions concerning berthing and unberthing to the

ferries and to the berthing master.
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at Maritime Board Ro-Ro Ferry Service in the Gulf of Cambay

The te_rminal mahagement should ensure that;
- sufficient port control staff are on duty during berthing/unberthing operationS'
- sufﬂment terminal staff are on duty for the safe handling of ferry mooring ropes, etc;

- the ferry berthing area is in a safe operating condition unobstructed by vehicles,
‘cargo, efc;

- the finkspan is in an appropriate position;

-the bollards are in a safe condition;
- the féndering system is in a safe and satisfactory condition capable of sustaining both
~normal and abnormal ship impacts. |

“ The fei'ry senior officers should ensure that;-
o - the ferry remains in communication with port control at all times;
. - sufficient crew are available at all tmes on board the ferry for the safe handling of
mooring ropes;
- adequate instructions are given to termlna! staff handling mooring ropes.

A ferry manoeuvring at the berth is vulnerable to wind, wave or current activity, and for safety
reasons, a ferry should not attempt to berth under extremes of these conditions. A ferry
already berthed should depart before the onset of abnormal weather,'possibly to one of the
shelter areas recommended in 8.2.8 above.

Berthing and unberthing operations are unlikely to be affected by poor visibility unless there is
dense fog.

The Rules of Operation (8.2.10 above) should make clear limiting conditions.

Loading/Unloading Operations

The Terminal management will be fully responsible for all onshore management. However the
terminal - staff should consult Wlth ferry crews with regard to all ship loading/unloading
operations. Ship to shore telephone points or a mobile radio system should be provided at

each berth to facilitate consuitation.

Key staff at a ro-ro terminal usually include the following personnel: -
(a) The terminal manager who has overall responsibility for traffic control and shore based

personnel.
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(b) The berthing master who oversees the operation of the linkspan and the mooring of the
ship.
(c) The operator who is a person specifically trained and authorised to operate the linkspan.

3 The terminal staff will carry out the followihg duties:
(a) The terminal manager should prepare op'erating instructions, work instructions, training
- procedures and emergency plans based on information provided by the equipment
suppliers. The instructions and plans should take into account the results of ‘risk -
assessments and should cover collision, structural failure of lifting equipment and extreme
environmental conditions. They should also state operational limitations including loading
geometry and environmental conditions.
{b) The terminal manager should establish a chain of communication and all persons involved
~in ship to shore operations should understand the routes for communications,
‘authorisations and reporting incidents,
(c) The terminal manager must keep the ferry senior officers fully informed with regard to the
numbers and weights of vehicles and loads to be loaded together with the numbers of

passengers.

(d) The operator should be given definite authorisation to operate a particular facility. Before
each period of use, he should carry out a routine inspection of the linkspan and complete
an inspection report. The operator should check that no damage has occurred to the facility
during berthing or unberthing. ‘

(e) When the ship is berthed the operator should only make the various connections to the
ship after recéiving authorisation from the port control duty manager, who must receive
agreement from the ship’s master. Authorisation should also be given for disconnection of

the ship at the end of use.
(f While in operation, the operator should monitor the working of the facility and check the

warning lights, alarms, etc. In an emergency, a previously prepared emergency plan should

be put into operation.
(g) The operator should complete a daily log for the facility, including the recording of any

unusual incidents ©r damages.

The ferry senior officers will at all times be responsible for the safe load arrangement and
positioning of all vehicles and loads on board ship. Freight vehicles should remain secured at
“all times. If not secured, they may shift with serious consequences for the ferry stability.

A}
- in port, the ferry senior officers must take particular care when loading or unloading heavy
freight vehicles or loads to ensure that the ferry retains stability at all times. They must also
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| Maritime Board ' Ro-Ro Ferry Service in the Gulf of Cambay

ensure that their vessels are not overloaded either with vehicles, goods or passengers.
However, the terminal manager must provide sufficient information to ensure that the ferry
senior officers are in a position to make responsible assessments.

In the e\}ent that 'ovérloading with passengers became a problem, it might be found necessary
to- lntroduce a system under which every passenger had a boarding card. The number of
_boardmg cards issued for each voyage would correspond with the maximum number of
| passengers which could be Iegally carried. This would automatically avoid the risk of carrying
"excess passengers

Forthe safe movement of vehicular traffic between the ferry and the shore, the gradient of the
‘Iink_span will not in normal operating conditions exceed 1 in 8 at MLWN. At lower water levels,
the'gradient of the linkspan may exceed a slope of 1 in 8 and it may be found necessary to
suspend loading/unloading operations for a short period at extreme low water levels.

The pedestrian walkway will be segregated from vehicle carriageways along the linkspan
between the passenger shelter on the jelty and the ferries. Except in an emergency, terminal
staff should ensure that pedestrian traffic is restricted to the walkway.

For safety reasons, 'the‘ operation of the linkspan should only be undertaken by authorised
terminal staff. Each authorised member of staff should be given a detailed set of procedures
that should be prepared for the safe operation of the linkspan.

Written instructions on operational limitations should be given to operators and displayed on
the facility. These operational limits should relate to loading, environmental conditions such as
wind speed, wave heights, tidal extremes, etc. Where possible, this information should be also

made available to the ship's master.

Terminal staff will ensure that the following safe load restrictions are applied:-
e Maximum vehicle weight — in accordance with Class A Indian and 40 tonne EC
heavy goods vehicle loading.
e Maximum vehicle width - 4m.
e Maximum vehicle height - to be determined in consultation with the ferry operator

To check that the maximum weight restrictions are being observed, a weigh bridge is provided
n each terminal where all freight vehicles coming into the terminal can be automatically
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eighed and issued wsth a welght certificate, Th:s information would need to be passed on to
e ferry loadmg officer preferably by electronic methods.

enerally, a dangerous cargo is defined as any substance that tHreatens the safety of people
id of facilities by fire, explosion, combustion, toxicity, infection, radioactivity corrosion or
)llutaon Also any substance that presents risks during its transport in case of shock, contact
th water or air, contact with other dangerous substances. The term also includes an empty
ceptacle portable tank or tank vehicle which has previously been used for the carriage of a

:ngerous substance unless such receptacle has been cleaned and dried or has been
curely closed '

an'ni_ngI the reception of dangerous goods includes:-
» -~ Taking an inventory of the risks involved :
» Investigating preventive measures to reduce the risks:

» Investigating the actions to be taken in case of an accident.

> terminal management should not accept dangerous cargo unless special safety
cautions are taken which are fully agreed with by the ferry operator Introduction and strict
orcement of codes of practice, guidelines and procedures for all parties. These will covér
kaging, handling and storage of goods. A common practice is to set safety distances to
arate the handling and storage of dangerous goods from other port areas.

deal with on-shore accidents, the terminal infrastructure includes fire hydrants, telephone
S, access routes, fire f_i__ghtjng equipment and a medical centre. The terminal management
énsure that manpower trained in fire fighting, rescue-techniques and first aid is available. A
re for the co-ordination of accident handling will be set up and this will have access to
'mation on dangerous substances and other hazards.

safety reasons, all terminal staff and ferry crew members should wear appropriate safety
ing. For example, high visibility jackets should be worn by traffic marshals and any staff
ding with vehicles.

:iing!unloading operations should cease for safety reasons when wind or wave conditions
@ excessive movements at the berth; these conditions are likely to be less than those
h require the ferry to leave the berth altogether. The Rules of Operation will give guidance
cceptable movements, but in practice it will be necessary to rely on the judgement of the
on the berth.
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: Heavy rain‘may reduce the safe maximum speed of vehicles on the jetty. During severe

-storms ‘rain could be heavy enough to make the deck areas and ramp unsafe for use by

-vehlcles In such weather condmons loading and unloading operations should be suspended.

_ F’oor vnsubmty is unhkely to affect the loading operation itself, but may prevent the ferry berthing

of m'ake} use of the access road unsafe.

3At the start of each shift or working day, the operator or authonsed person should carry out a

; routme procedure for inspecting the facility, principally the linkspan, to determine whether any

part has any visible or obvious defect likely to affect the continued its safe and reliable

| opération..Additional detailed maintenance procedures should deal with routine checks of, for

- example, oil and coolant levels

.-Toz'-ensure that the facilty may be operated éafely and efficiently, it is essential that a

maintenance plan is prepared so that the risk of accidents and stoppages is reduced to a

_' minimum. The plan should ensure that the supplier's operating and maintenance instructional

man'uals are adhered to. The supplier's manuals should recommend that specific tasks are
carried out at stated intervals which should not be exceeded.

All repairs or replacement components and consumer materials, such as iubricants, should be
in' accordance with the manufacturer's recommendations or specifications. To ensure that the
facility can be maintained in an efficient and safe condition, consideration should be given to

hdl.ding stocks of components and consu mables.

Maintenance of the ship to shore facllities should preferably be based on a planned preventive
maintenance basis This approach includes for shutdowns for planned maintenance and major
overhauls and includes repiacing parts and making adjustments at pre-planned intervals so

that the particular part or adjustment does not fail or deteriorate in the intervening period.

A technical file should be maintained which should include copies of the following;
- details of workstations likely to be oécupied by operators,
- instructions for safe putting into service, |
- instructions for safe use,
- instructions for safe adjustment,

- trainihg instructions
- drawings and diagrams necessary for checking correct operation

- all instructions with regard to safety.
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perating and maintenance manuals should be prepared by a specialist firm for a specific
cility ang s_h_qu_,ld be supplied for every piece of machinery and lifting equipment including all
uctural, hédhanical electrical and control aspects. The manuals should cover the safe
arting up, runnlng and closmg down of all systems We recommend that the supplier should
- requnred to prowde operating and maintenance manuals at the tinie of commissioning
fore the: terminal is brought into use. This is to ensure that they are in a suitable form for use
terminal staff,

| obérating log should be kept for each ro-ro facility and completed on a daily or shift basis
the operator The logs should include details of ship arrivals/departures and notes of any
usual mc:dents including ship impacts, excessive movements of the ship and any machinery
d equipment defects,

incidents of damage, failure or faulty operation should be recorded in writing and
estigated. Operators of facilities should complete daily logs recording any significant
urrences. [ncident reports should be used to plan repairs and to provide feedback into
iews of the operating instructions. The operator must receive appropriate training to ensure
t he has reached a suitable level of competence and capability. He must be able to carry

his duties without risk to himself or to others.

- also vitally important that an operator receives regular traihing in- emergency procedures
hat he is able to respond quickly and safely, Emergencies occur only rarely and can put
nse pressure on an operator and can lead to poor decision making unless the operator is
oerly trained. Simulations of emergencies should be practised on a regular basis to enable
perator to become familiar with procedures.

ning should consist of a mixture of theoretical instruction and practical work, The supplier
nally provides the majority of the operational training when the facilty is being
imissioned.

ropriate training. in the maintenance of the various elements of the facility should be
ided to the mémbers of the maintenance teams and refresher courses arranged
adically. Training course records should be'kept,so that the cofﬁp'étence of individual
nbers can be assessed, Authorisation to carry out particular maintenance work should only
iven to those who are properly trained.
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4.30 The suppirer has a. very ‘extensive fund of knowiedge and experience in the design,
- manufacture testrng and commissioning of ro-ro facilities which should be made available to
| '_ staff appornted to operate and maintain the ro-ro terminals. Usually, purchasers require that

) operato _'-are trarned as part of the procurement process in which case, the supplier provides
on-the-job tralmng and some class room training on the contents of the operating instructions.

431 We' _trongly recommend that the supplier of any new ro-ro facilities should be contractually

'_:_Loblrged : _o'-' prowde a high quality input to a programme of training for all operatmg and

" arntenance personnel connected with the ro-ro terminals.

A Details of accrdents to UK reglstered ro-ro ferries between December 1980 and June 1999 are

§te_rd chronologically. in Appendix'| . These details were collated by the Marine Accident
. ‘Investigation Board based in Britain.

>2 In the 181'accidents listed between December 1990 and Jurie 1999, 64 people were injured
~and 2 were killed. One ferry, the Maersk Yare, was lost in the incident on 27" December 1990.
“An analysrs of the causes of the accrdents is grven in Table 1.

.3 A study of the accidents involving UK registered ro-ro ferries indicates that half were causes by
collision and contacts. Machinery failures accounted for 18% and stranding and grounding for
18%. Fires and explosions caused 8% of accidents while the remainder were due to heavy

weather damage, foundering and flooding.

.4 An assessment and analysis of the risks which might affect the safety of a ferry is summarised
in Table No, 2. This summary is tabulated under the following headings:
- Location - which locates the part of the route being assessed.
- Failure - which identifies the possible failure.
- Cause - which identifies the possible cause of the failure.
- Risk - which records the assessed outcome in terms of risk which could result from

the initial effect.
- Mitigation - which gives an initial indication of the basis on which any potential

hazards should be addressed.

.5 From the Ferry Risk Analysis Table, itis apparent that:
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-

» In @ number of incidents the ferry could be lost either on a permanent or temporary
basis,
. in a»number of incidents both the ferry and marine structures could be damaged.
. In nearly all incidents, the risk could best be reduced by the availabilty of a
- competent crew. |
« In a number of incidents the risk could be reduced by a satisfactory radar and
communications system
;_ompe{ence can be greatly improved by regular training in emergency procedures so
sw members can respond quickly and safely in a crisis. Emergencies ocour only rarely
n put intense pressure on the crew and lead to poor decision making unless the crew is
y trained. Simulations of emergéncies should be practised on a regular basis to enable
w to become familiar with procedures. o

ematical navigation simulator model! is capable of simulating second by second motions
ip by solving equations of a ship’s manoeuvring motions 'corr_esponding {o orders from
dge including the helm angle, rofational speed of the propelier, etc. With recent
ements in computer science and technology, a real time simulator model is nbw
sed as a realistic and 'essential tool in the training and education of a ship’s navigator
. However, this fype of training is only of value if it is controlled by a very experienced

vigator such as a ship’s master or a piiot.

ngly recommend that all officers responsible for navigating the ferries should undergo
based on the use of Mathematical Navigation Simulation Models.

s of a ferry is frequently due to an accident on board such as an engine fajlure or fire.
r, the loss might be avoided by the action of a competent crew trained to handie
ncies. At the same time, good communications with port controf and VTS could bring
se_rviées guickly to a stricken vessel and thereby save fives.

1 control and the VTS would also warn other shipping and thereby reduce the risk of
'ship colliding with the stricken vessel.

id stranding or running aground, it is essential that the ferry navigating officer is
d with the latest charts and that he keeps himself informed of any possible changes
j the shipping channels. The navigating officer should also be trained to handle any .
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emergencues such as might arise in bad weather. It is also essential that the navigating officer
be assisted by a fuii set of refiable on- ~board navngatlon aids.

2 The_* poss,.i'bility;offa ferry colliding with another vessel is best minimised by constantly checking
thej-v_::mhbqard radar system for the positions of other ships and by remaining in close contact
with 'port' control and VTS regarding other shipping movements.

3 In the -event of-a near coIItswn situation developing with another vessel, it is essential that'the
cre; :.;ha“s"been adequately tralned on how to react, Unless they can properly respond, it is
posssble that the pressures on the crew generated by the emergency can lead to mistakes with
dlsastrous consequences.

4 For safety reasons, all external cargo doors should remain fully closed at all times while a ferry
is in motion. The attached Case Study on the mv Herald of Free Enterprise gives an account
- where this precaution was not properly followed and led to the loss of a ro-ro ferry. Although
the direct cause of the accident was that the ferry put to sea with her outer and inner bow
doors fully open, the underlying cause was inadequate crew training and lack of clear and

adequate procedures.

5 In the event of a ferry sustaining damage following a collision with a fixed structure such as the
approach jetty, it is possible that the ferry service could be disrupted while the ferry was
repaired. It is also possible that the approach jetty could be severely damaged by the vessel
resulting in the disruption of road traffic with possible terminal closure over a limited period.

3 To minimise the possibility of a férry coliding with the approach jetty or other fixed structures
such as jeﬂies, berths, linkspans and breakwater heads, the approach should be planned to
minimise the risk of collision should error or accident occur. All structures should be made
clearly visible to the ferries by high visibility marking and illumination at night. Training of the
crew to deal with emergency situations is also an extremely important factor in reducing the

risk of a ferry colliding with a fixed structure.

Ferries frequently suffer structural damage due to a failure to maintain loading requirements.
This deficiency is best overcome by regular training of the crew in cargo handling particularly
of outsize and dangerous loads. Special attention should be given to handiing cargo in poor
weather conditions. There should be wiitten procedures for all aspects of cargo handling and
stowage which would include additional requirements (such as additional lashing) for poor

weather conditions. -
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8 To deal with the difﬁcult-m_ari_né conditions in the Guif of Cambay, ferries should always be fully
equipped with a.set of reliable electronic navigation aids such as satellite positioning, radar,
etc. As an illustration of what equipment might be supplied, the navigation aids available on the
MS Normandle are listed below. Operating on the English Channei, the MS Normandie is a

| ferry of 27 000 gross tonnage carrying up to 2,263 passengers, 630 cars and 66 trailers.

=
o

ltem
Rasterscan radars
Radar an.tenna/transcelver S-band
| Radar antennaltransceiver, X-band
ARPA-dlsplay and one TM-display interswitched together
; Harbour radar syst_em with four monitors (2+2) and antennas aft and fore

-_t...:._\..x_\;\_)'

_'Autopuot

Two-axis DOppler Iog N
EMlog

Echo sounders
Magnetic compass

Wind meter

DECCA navigator

DGPS navigator

Syledis poSitiohing. system
Radio direction finder
VHF-direction finder
Draught indicator
NAVTEX re,ceiyer _

i S S R N U G G U N TS e

Certain systems, such as the Decca navigator, will not be appropriate unless the basic network |
Is already in existence. DGPS also requires a shore station at each terminal, but basic GPS is

independent of any shore station.

To avoid the possibility of accidents due to ship collision, bad weather, changes in navigation
channels, etc., the crew must ensure that they remain in continuous contact with the port
control and VTS while at sea. When in harbour, the crew must remain in contact with the

harbour master for instructions regarding shipping movements.
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21 To reduce the n'sk of a running aground or colliding with another ship or a fixed structure, a
ferry ‘should be as manoeuvrable as possible. The twin screw/single rudder type of ship is
charactensed by good ‘manoeuvrability at service speeds but _poor manoeuvrability at low
'speeds._. ‘nfcontrast the twin screwtwin rudder type has good manoeuvrability and contro! at
all speeds and it is this type which we strongly recommend for operations in the Gulf of
Cambay. 5 ' '

22 To. safeguard against the possibility of a ro-ro ferry sailing with her doors left open, we strongly
recommend that ro-ro ferries operatlng on the Gulf of Cambay should be equ:pped with door

R

s_hould be. desrgned on a failsafe basis so that if there should be an electrical failure in any
switch circuit, the system would indicate danger. The design of linkspans proposed does not
inhibit door closure before the ferry leaves the berth.

3 Dué to tﬁe flare of the sides of a ro-ro ferry at the stern, it is usually extremely difficult if not
impossible the read the aft draught gauge. We strongly recommend that ro-ro ferries operating
on the Guif of Cambay should be fitted with draught gauges at the aft and forward loading
positidns and on the bridge. The draught gauges should give read-outs of the aft, forward and

midship draughts.

4 Closed circuit television has been installed on a number of ro-ro ferries for the following
purposes: -
- To monitor the condition of the doors with the intention of keeping the bridge informed.
- To check the vehicle decks for intruders, innocent or otherwise, and check for any
movement - of vehicles in a seaway.
- To keep the bridge informed with regard to conditions in the engine room

5 The closed circuit television should monitor the condition of bow doors, inner and outer stern
doors and any side doors. The closed circuit television will also give warning of any vehicles
which are not properly secured and have shifted. The vehicle decks should be out of bounds

during a passage to every person except.crew members.

5 We strongly recommend that ro-ro ferries operating on the Gulf of Cambay should be equipped

with closed circuit television.

7 In the event of a ship capsizing, the availability of artificial lighting during the hours of darkness
is essential as a boost to morale and as an aid to rescue operations. To ensure that lighting is
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always avai_lable, we recommend that ro-ro ferries are equipped with self contained emergency

lighting of which several types are available. Seif-contained emergency lighting units should
A be waterhght that is, when submerged, they should remain alight until the batteries run out.
) The umts should be checked on a regular routine basis.

3 We strongly emphaswe the need for the frequent, regular and routine checking of all life saving

In‘ partscular we draw attention to the need for easy access to ||fe;ackets which,

, = se of! he rapldity with which a ro-ro vessel can sink, are usually the most used means of
escape '

) In an emergency, it may be necessary to rescue people through side wmdows To assist
| rescue teams, it should preferably be possible to open the side windows from either side.

I To facilitate escape in an emergency, we strongly recommend that all decks, exits, lifejacket
stows and muster stations are labelled prominently.

Special Arrangements at Suvali

The ferry terminal at Suvali is proposed to be sited within a larger development which includes
a Liquefied Natural Gas ‘(LNG)mteVrminai. This terminal will load and unload gas tankers, and
will provide for onshore storage in large tanks. Safety precautions at thls facility are outside the
scope of this report, but the presence of the facility has safety implications for the ferry terminal

which are considered below.

The maijor hazards of LNG are due to their highly flammable nature and the very low
temperatures at which they are transported. When LNG escapes into the atmosphere, it boils
off quickly. The resuiting vépour cloud, which is -Iighter than air, will rise and in fight wind
conditions, may spread over a considerable distance before reaching non-explosive density.

In a liquefied gas fire, only the vapour burns and not the liquid itself. Thus the major danger is
the ignition of the vapour cloud. The flammable vapour can become ignited only when mixed
Mth air in certain proportions. If the ratio of vapour volume to air is less than or more than the
'speci'ﬁc range for a partfcu!ar gas, combustion cannot occur. In confined spaces, an ignition of
gas vapour can develop into a violent explosion creating forces sufficient to destroy structures.
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—

An explosion-like event known as * flameless explosion” or “rapid phase transition" may ocour
if very cold liquefied gas strikes water. This is not considered to be a major hazard as the
_ energy release is limited and there is no evidence that fi ire would result.

Wheh co_ld"liqueﬁed gases are spilt on water, they will rapidly spread and vaporise creating a
¥ I_ow dense cloud of flammable vapour. Immediate ignition of the spill will result in an intense
' ebon¢§dyratien fire. If not immediately ignited, the vapour cloud will travel down-wind until

'E”ed'b'y-‘becoming heated by the atmosphere which is at a relatively higher temperature.

;;'"FFie'b'feposed Ro-Ro terminal is to be sited some 900m south of the LNG terminal. Although
'there is no mternatronal standard at present available which gives recommendations for the
) m|mmum clearance from an LNG terminal to another berth, we consider that a clearance of
--l900m is reasonable.

Because the prevailing winds are westerly and south westerly during the non-monsoon and
monsoon periods respectively, the proposed ro-ro terminal lies generally upwind of the LNG
facility and it is unlikely that it will be affected by a vapour cloud developing over the LNG
terminal in the event of a leak or spillage.

It is essential that the special risks engendered by the LNG facility are recognised by the ferry
and terminal operators, and particular safe practices should be implemented at Suvali in
addition to the general safe practice discussed above,

The ferry navigating officers should remain in full communication with the harbour master at all
times when approacﬁ'ihg‘ or leaving the ro-ro terminal at Suvali. The crew must fully comply
with all instructions given by the harbour master and be fully a_lert to react to an emergency.
We anticipate that it is unlikely that the harbour master will permit a ferry to leave or enter the
harbour while an LNG carrier is manoeuvring in the turning area or passing through the
approach channel, so that the ferry must be prepared to eccept disruption to its schedule.

The terminal operator must ensure that the land route to the terminal is very clearly marked
and fenced at all times so that no road vehicles can stray into the port zone where the LNG is

handled.

The terminal operator must also remain in continual contact with the harbour master to ensure
that he is always kept fully informed with regard to the situation at the LNG terminal. The
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termmaf operator should have an emergency plan ready for an immediate evacuation of the ro-
‘ro termmal should anemergency arise at the LNG terminal.

. The other ‘activities - in the main port, handling of general cargo and import of iron ore are
unllkely to have any adverse safety implications on the ferry terminal.

"Rég’dﬁj}ﬁgﬁdations For Action On Safety

The Port Authorlty must
(a) ensure that the harbour master can supply up to date forecasts of weather and sea

condmons
(b) 'ensure that all interested parties are kept informed with regard to changes in local bed

topography ,

(c) ensure that up to date charts are availabie to all interested parties

__(d_)_ ensure ‘that navigation channels, |soiated dangers, turning “areas, etc are adequately

o "marked with aids to navigation which are lit and equipped with radar reflectors.

.(é_) ensure that a fully e’q'uipped VTS centre is provided

(f) establish a set of Rules of Operation .

(g) ensure that ro-ro terminals are manned by competent and well trained staff

(h) ensure that ro-ro terminals are reguiarly inspected for defects

(i) - ensure that ro-ro terminals are properly maintained

{j) establish special rules for Suvali in relation to the LNG terminal

The ferry operator must:

(a) ensure that there is good haason between shore management and ferries

{b) ensure that there is regular and effective communication between shore and ship

(c) ensure that shore management provides the ferry master with clear instructions for him and
his crew _ '

(d) ensure'th.at the ferties are flilly equipped and regularly maintained ~

(@) ensure that ferries are manned by competent and well trained crews

() ensure 't'hat;f'erries are of the twin screw/twin rudder type

(9) enédre that ferries are carry a full set of reliable on~board navigation aids

(h) ensure that ferries obey the Rules of Operation

(i)' ensure that the ferries conform with any reasonable requirements from the harbour master -

and VTS
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G). keep n contact with the poﬂ authonty with regard to changes in the lfocal bed topography
' affectmg navugatuon channels
(k) ensure that the ferries maintain independent contact with the harbour master, VTS and

) mformatton services regardmg weather and sea conditions and other shipping
;:-movements ' :

TABLE 1

Analvs:s of Accidents to UK Registered Ro-Ro Ferries between
' - December 1990 and June 1999

EOF AC I NO 1 %OF TOTAL
jons and Contacts 91 50.0
nery - | 32 | 18.0
diné and Grounding 31 17.0

and Explosions 14 8.0

s Weather Damage | 9 . 5.0
:ié_rin'g and Flooding 3 1.5
llaneous ' S 1 : 0.5

\L B 1 , 100.0
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TABLE 2
Ferry Risk Assessment Analysis Summary Table

ATION FAILURE CAUSE EFFECT RISK MITIGATION
) sea Ferry Sinking Adverse Weather Loss of ferry boat | Loss of Competent crew
service
Ferry Running Changes Ferry stranded Temporary Competent crew
Aground loss of b
service
sach Ship collision | Adverse weather Loss of ferry Loss of Competent crew and
nel service good communications
Ferry Running Inadequate Ferry stranded Termporary Good radar system
Aground Radar system Loss of
' service
nan Shipflinkspan Adverse weather Stricture damage | Temporary Competent crew and
Collision- » to ferry and 1 loss of good communications
: linkspan service
Delayed Fire, Adverse weather, Structural damage | Temporary Competent crew and
departure in an | explosion etc. to ship loss of good communications
emergency service
Ferry sinking Non closure of all external Loss of ferry Loss of Competent crew
doors while ferry in motion service
Non observance | The linkspan is subject to Structural damage | Temporary Competent crew and
of linkspan Excessive loading severe to ship loss of good communicétions
warning system bad weather service
Unsafe load incompetent loading Structural damage | Temporary Competent crew and
arrangementon | to ship loss.of geod communication
board service
Unsafe loads Failure to maintain safe load Structural damage | Temporary Competent crew and
R%mdmm to ship loss of good communication
service
Dangerous Failure to observe loading Structural damage { Temporary Compelent crew and
cargoes requirements to ship foss of good communications
service
ach Ship/structure Ferry sails into jetty Structural damage | Temporary Competent crew and
collision to ship and -Ioss of good communications
approach jetty service
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TECHNO-ECONOMIC STUDY

introduction

The techno-economic study was initially undertaken in 1998 and presented in the Interim
Report with the objective of deriving an indication of the fevel of tariffs that could be charged to
the operators of Ro-Ro ferries sailing between the planned new terminals in the Gulf of
Cambay. For the purpose of the study we considered operétion of the ferry service as an
independent activity _quite separate frbm opération of the shore terminals. We estimated-
possible revenues that could be generated from users and the likely costs associated with
providing suitable vessels and running the service. The difference between these figures gives
an indication of operating profits for the ferry service from which tariffs and other charges
would have to be paid to cover running costs of the terminals and harbour facilities and make

a contribution towards the capital cost of the new infrastructure.

The.initial study has now been supplemented with an assessment of the overall viability of ro-
ro ferry and catamaran services on' the Gog_ha, Dahej and Suvali network. The initial study is
reproduced as sections 9.2 10 9.5 and 9.7 to 9.9 (with small changes and additions) with the
supplementaw work appearing as section 9.6 (terminal costs) and 9.10 (financial analysis)

This supplementary assessment considers the terminal operating and capital costs, and
reassesses the costs of pro'vision'of the ferry-'s_érvice. These costs, which are at current (2001)
prices, are compared with the revenues generated in the 1998 study which have been.

updated in line with inflation to 2001 prices

Clearly the findings of the study are greatly dependent on the information available to the team
doing the study. We have carefully analysed the available data and utilised it in the most
appropriate way. There have been three types of information used during this study'.

a. ‘Raw Data. This typé of informatioAh is the evidence on which the assumptions are
based, for example charts, borehole logs or weather records.

b, Assumptions. Thése'aré pieces of information which are influenced only by external
factors. For instance we have taken the number of rainy days in an average year to be
an assumption because we can no_t_change-it although there is an ambiguity as to what
this value actually is. We may be able to change our estimate of rainy days as we get
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better information but the real number will not change over the course of a year. All of
our assumptions for this study have been implied from available the raw data.

c. Variables. A variable is a piece of information whose value we can change within our
analysis. For instance the number of ferries that will operate on any particuiar route is a
variable. We have be_en able to run the techno-economic model with a range of

different values for e’aeh of the variables in order to obtain an indication of its optimum

N

value,

General Approach

1 A method has been used to compute likely demand for ferry users by comparing the time
taken to travel on existing roads against the prospective time taken for the new ferry routes.

2 Surveys have previously been commissioned relating to the demand for transport from specific
regions in GUjara_t__j_and__from-these it has been possible to create origin-destination (O-D) pairs
for each regiorj wit__hih Gujarat and for the surrounding states. We have used the raw data from
the Tata -Consuiti'ng"Sé"rvices" (TCS) study rather than the interpreted results in the TCS report
because the previo_us studies _were focused on a quite different set of sea routes that do not
directly relate to the speciﬁc terminals considered in this study. We have taken the information
for the originfdestinetion survey from the previous. studies and analysed it with specific
reference t_d the routes in this study. We have thus derived projections that indicate how many
passengers and vehicles _currently might wish to travel between destinations that are
essentiatly across the Gulf of Cambay. 'Pa_sse_nge_r numbers are divided into categories of
social, tourist and business while vehicles are divided into trucks, buses and cars.

5 This study has a purely the'oretioal basis because there is no previous experience of a
comprehensive modern Ro-Ro ferry service operating in this .'region Few direct parallels can
be drawn- between the Gulf of Cambay and other Iocatlons where exlstmg ferry services
operate because of the unnque ‘combination of marine conditions and geographical usage
demands., The voiume of potential users has therefore been computed by comparison against
'other means of transport rather than act_ual _ﬁgures from other ferry services. The underlying
assumption used in this ,co'm_pu_'tation is that the decision by the users between the two
methods of transport woutd be made prop'o'itionally' to cost and time savings by the chosen

mode, with greater emphasis 'beihg given to the cost saving.
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4 Forthe purpose of this study the whole of Gujarat has been spiit up into small specific areas
each concentrated into a-single node. Each node therefore represents a city or large town and
the surrounding catchment area. If two of these nodes are considered in isolation then the
journey joining these nodes can be analysed. Associated with every pair of nodes is a market

- L.e. the number of users wishing to make this journey. Also associated with each node pair is
the cost and time taken for the journey, both by road and subsequently calculated for the ferry.

5 The distanpe of any one journey (the O-D pair) can be calculated by adding the internodal
distances along the route together. These distances have previously been calculated in the -

traffic study.

5 Using average road speed for each type of vehicle an average journey time has been
calculated for each O-D pair. The alternative journey time by appropriate use of a ferry has
also been calculated in the same way assuming an average ferry speed and wait at the

terminal.

7~ For this mode! average road speeds have been taken as 40 km/h and 20 km/h for A and B
roads respectively. The assumed average ferry speed is 18.5 knots, Average waiting time at

" the ro-ro term_irial is assumed to be 1 hour.

3 A propoﬁidn of the total mérké‘t‘\}qill, _v_vish-_tq:use'the ferry, this proﬁértion will depend on the time
and cost savings of the ferry ‘joUrney. All O-D pairs can be considered in this way, and the total
for all O-D pairs over a particular ferry route can be calculated.

) For this study, it has been assumed that the potential traffic taking the ferry is proportional to
the saving, in time and cost, over the whole journey. 100% saﬁing. which is not achievable in
practice, would mean that all traffic would use the ferry; a 50% saving would divert only 50% of
fhe total traffic to the ferry. For the asséssment of baseline potential, the ferry fare is set at

Zero.

0 Summing up the process over all relevant O-D pairs has given the initial prediction of the
numbers of trips potentially to be taken by ferry if only that one particular ferry route is

available. .
1 A further case has_been'worke'd ‘out with all-ferry routes available, in which case all duplicated
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2.12

.13

14

journeys have been taken out. This exercise has been done for each route by removing trips
taken by all but the quickest route,

There are many possible ferry routes connecting the terminals that we have considered, which
are at Dahej, Gogha, Suvali, Pipavav and Mumbai. A network comprising the most promising
six of these routes has been considered in detail. For the case where all five of the terminals
are operating it has been assumed that for some of the time Suvali will not be used because of
the unfavourable weather conditions during the monsoon. A further complication is that it is
not likely to be efficient to run a single ferry in isolation on each route. A more efficient method
of running the network would be to have the ferries covering several terminals each. One, two
and three vessels have therefore been considered in tum to cover the network serving these
routes. This has-given an'opporturiity of investigating the effects on cost and revenue of
operating a different numbers of ferries.

For each scenario there is an almost uniimited combination of fares that can be charged to the
different user groups. For the. purpose of thié study we have chosen to establish a notional
level of fares to be charged. This has been done by fixing all other variables and running the
computer model with-a range of fare values; each notional fare reduces the savings and hence
the number of users, as shown in 9.2.9 above. The model thus generates the number of users
in each category for each fare value and hence the overall revenue for each fare value. The
maximum overall revenue has been identified for each of the routes by comparing the results
from each of the computer runs. This has also determined the total projected number of

users, based on the assumptions included in the model.

For the entire ferry network connecting the five terminals there is a magimum theoretical
revehue. This is an upper bound limited by the demand of the users and the assumptions put
.into the computer model. The assumptions are described later in this section. The reason
why;the revenue cannot rise past this maximum level is that there are only a limited number of
users who wish to cross the Guif and thére would be an upper limit on the fares that these

users would be willing to pay.

.15 This unwilingness to pay above a certain level causes demand to drop off as the fare

increases, and this is reflected in the .moq_el by reducing the use if the saving is reduced by a
higher fare. If the fare is set low and is then increased, there would be a reduction in revenue
due to a drop in demand, however this reduction would be more than compensated for by the
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increase in revenue caused by the higher fare. Once the fares have risen above a certain
level any increase in fare is no longer enough to cover the corresponding drop in demand so
revenue would fall. This case is referred to in this report as the unconstrained case.

6 A further limit on revenue is the number of users who can be carried by the vessels. This is
often the case when the revenue can be raised by reducing the fare, and hence increasing
demand. If the iricfeased numbers of users cannot be allocated places in the vessels then the
extra revenue. would not actually be ra:sed In fact the overall revenue would go down
because of the drop in fares to gain thls increase in demand. This is referred to in this report
as the constrained case.

Revenue From Ferry Journeys,
" Gogha To Suvali, Trucks Only

120,001 | I

“ " Unconstrained ™
100,000 : ) s nconstrained > | .
Revenue, N~
Rupess 80,000 N
Per Day 60.0007 -
: Constrained By .
40,0007 Vessel Size \
20,0007
0 4 t } " N
2500 2000 1500 1000 500
' Ferry Fare (Rs)
77 gatisfied Demand For Journevs, )
The Gogha To Suvali, Trucks Only
250 T - -
200 . .
Satisfied 4 PP Unconstrained
Demand, 150 L.
Trl.lcks 100 | : . -
507 / - Constrained By Vessel Size
0 — } + t t
2500 2000 1500 1000 500 0]

*Ferry Fare (Rs)

" Both the constrained and the unconstrained cases are shown above. The first of these shows
how revenue reacts to ferry fare. In both cases it can be seen that there is a peak revenue. In
the unconstramed case this cannot be 1mproved on W|th|n the !imlts of this pamcu!ar set of
assumptlons This means that the only way. to lncrease revenue in this case is to increase the
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population or make the existing population more willing to use the ferry service, for example by
making the vessels quicker or road travel more expensive or slower,

18 It can be seen, however, that the revenue from the constrained case can be increased by
increasing the capacity of the vessels up until the point is reached when the peaks of the two
curves coincide. After this point an increase in vessel capacity will have no effect on revenue

and hence the case has become unconstrained.

19 The second of the two diagrams illustrates that even though the revenue drops off with
decreasing fare the demand does not. These figures refer to the network of routes connecting
the five terminals as a whole. However, exactly the same shape of curve would be observed if

the same anaIyS|s is. applied to a single route. , o .

20 An efficient service could be introduced using one combined passenger and vehicular Ro-Ro
vessel.(Ro-Pax) serving several terminals (although thié would lack flexibility in the event of
mechanical breakdown). The schedule for the network of routes that has been developed for
services using one, two énd three of .these R0~Pax vessels. In considering a network
combining more than two shore terrﬁ_inals care has been given to avoid duplication of node-
node journeys. This haé been achieved by removing duplications when more than one route is

present,

1 The previous water transport feasibility study has shown that trucks make up about one third of
total road traffic. This figure has been used in the final calculations to find the demand in terms
of trucks, O-D pairs weré available for vehicles, social, business and_to_urist passengers and
these categories have been computed as summarised on the following pages.

2 Buses have not been considered as ferry traffic because it is not normally economic to
transport buses on such long crossings. it is more likely to have a bus terminus at the ferry

terminal with other routes connecting with the opposing terminal.

'3 Private cars have also hot been included because they _represent a small proportion of the
data available. There would be no statistical justiﬂcation for treating such a small number.

4 The reshlts of this techno-economic study are based on present (1996) travel patterns and
markets for each type of journey. The quite separate issue of the influence of the ferry service

/5 - rovised 2700401 129 Beckett Rankine Partnership
- ' Kashec

Ray Infrastructure



rat Maritime Board Ro Ferry Service in the Gulf of Cambay

itself cannot be calculated with acceptable accuracy because there is no equivalent precedent,
although it is noted that the presence of a ferry service usually attracts users to undertake
;oumeys that would otherwise not have been taken. Forecast of the increase in demand
resulting from the introduction of the service has not therefore been attempted. Any such
prediction could not be theoretically justified without a large scale consumer survey. |

Method of Calculation

A computer model has been prepared to undertake the techno-economic study. This mode!
has taken the input data to make a comparison of the cost and time for equivalent road and
sea journeys, The resuits of this mode! aSsess-fhe-iikely numbers of passengers and vehicles
that would make use of this service. Likeiy fares that could be charged for travelling on the -
vessels have also been calculated. The level of these fares has then been optimised to give a
maximum-revenue'f_o'r the ferry servicé and the resulting indication of the corresponding
number of users. Cofn’parison with running costs has given an indicative operating profit for the
ferry company from which a realistic sums c_Ou!d be charged for a contribution to shore and

harbour facilities.

A detailed flowchart illustrating the operation of the computer model has been included in
Appendix C. The central assumption used in this model is that the proportion of users of the
ferry service is equal to the savings made by those users. For.example if there is a composite
saving of 50% over a journey then 50% of the. users wishing to travel between this palr of
nodes will use the ferry service, the other 50% will go by road. The composite sawng is a
combination of time saving and cost saving, offset by the ferry fare, for the journey between a
pair of nodes A more detailed example calculation for one node—node pair is shown in

Appendix C.

The calculation methods that have been adopted were selected in preference to other possible
algorithms because ;hey aré" relatively stféightfonmard'ahd unambiguous. When projecting
reasonably basic data such as that available for this study the underlying assumptions can be
. critical, with variation having a significant _'effect on the overall findings. It is therefore
appropriate that the calculations have a simplicity corresponding to that of the input data, this

\

also has the benefit of keeping the risk of calculation error to a minimum.
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4 Associated with each individual ferry journey there is always some component of road journey
needed in order travel between the origin or destination and the respective ferry terminals. This
road component has an associated time and cost in itself which is additional to the time waiting
or travelling on the ferry. Furthermore, unléss the ferry is free, the fares will always reduce the

. savings. Therefore the total time or cost saving in practice can never be 100%, irrespective of
the spee-_d of the vessel. It follows that there will never be 100% take-up of users for any
particular ferry journey. This assumption makes sense because some of the journey Users
would not want to travel by ferry under any circumstance, while some others would prefér to
make stops in towns along the way even if it wouid be cheaper and/or quicker to go by ferry.

> Justification for this calculation method is also revealed in the output from the analysis which
shows a low take-up of ferry places for journeys on the Gogha-Dahej route corresponding to
the overall journey between Ahmedabad to central Maharashtra. Clearly the break in this long
journey for such a small saving would not encourage many‘travelfers and this is reflected in

these figures.

- The initial set of calculations has been based on data from the actual surveys carried out in
1996. Subsequent runs of the computer model have been carried out for projections of user
demand to give an indication of growth over the next twenty years.

A routine dealing with the effects of the Octroi charge has been introduced into the computer
model but its effect is pres*ently‘_'set' 'toj‘rze'ro because we only have sketchy information on
QOctroi ratés. including thé Oc{i‘c.)i_charg.e_WOuld increase road costs, in which case giving it a
non-zero value would corré_spondingly- increase demand for ferries. Setting the Octroi
universally to zero is therefore conservative for the findings of this study. This is based on the

- assumption that Octroi or any other taxes would not be charged on the sea crossing.

Information Used For The Study

The raw data that have been used as inputs to the study are described below.

a) Traffic Surve! gllata

This information has been taken from the set of three TCS reports provided to us by GMB.
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These reports were commissioned in advance of our study and make an assessment of
vehicular and passenger movements around Gujarat based on a survey of traffic covering the

. whole of Gujarat. This work was particularly founded on the likely demand of users crossing
the Guif of Cambay with its basis being an origin and destination survey undertaken on the
road network close to the head of the Gulf. This has given us the basis for derivation of likely
demand for the ferry service and possible future increases in that demand.

b)  Admiralty Charts

The distances covered by the proposed ferry routes are not direct lines joining the respective
two terminals because the ferry' would have to avoid shallows and other naviﬁc'_:j'ationa! hazards.

These have been estimated from the Admiralty Charts.
c) Node-Node Distance Chart
The distances between nodes have been extracted from the TCS report.

d) Sundry Information Gathered In Gujarat

Anformation such as bus and taxi fares, estimated travel speeds and other empirical evidence
has‘b_een collected in the area. Part of this information was used directly as assumptions for
the input of the model while some components of this information have been used as the basis
for an estimate of other assumptions. Fok instance the strong currents observed in the area
were combined with knowledge of ferry-dperating' parameters to give a lower average ferry

speed than would otherwise be used.

2 Assumptions that have been adopted during the course of the study are described below.

a) Choice of routes to make available

This study has considered only routes that sail across the Gulf of Cambay; shore hops along
the coast such as Dahej to Suvali were ignored. The justification for this is that the overhead of
manoéuvring the vessel in and out of the Narmada river would actually make the journey
fime much longer than the corresponding road journey. A similar argument stands for the
Gogha-Pipavav journey, although the corresponding time differential would be smaller
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because ship'manoeuvring time would be less and the roads are of a lower standard.
b} Time/Cost Weighting

For the comparison between road and sea journeys in the model, and for assessment of
usage, the weighting factors between time and cost have been set to 85% cost and 15% time
(as illustrated in Appendix E). Generally transport users tend to be more sensitive to cost than
time as is clearly demonstrated by the popularity of the cheap ferry journeys across the Engiish
Channel which compete successfully with the more expensive and faster rail link.

c) Turnaround time

A two-hour time delay slot has been scheduled at the end of each ferry crossing to allow for
deceleration, manoeuvring, berthing, discharging vehicles and passengers, boarding, loading
extra cargo, fuel and crew changes. This time has been Selected from typical operations of a
similar type elsewhere although .it.is expected that a slightly greater turnaround time would be

required until experience is gained in operating vessels on these routes.

In practice the time that ‘each ferry would actually spend at the berth would vary slightly
because of the desire to maintain a regular schedule despite the changing conditions,
particularly tidal velocities which follow a lunar rather than solar calendar and would move out

of phase with the ferry time scale. However turnaround time is not critical to minor varations.

d) Road speed

The speeds of road joumneys of different types have been divided into various categories as

shown in the table below.

Category ~ | Speed | Method of transport -
Truck | 35 km/h Truck

Social Passenger 40 km/h : Bus

Tourist Passenger 45 km/h 50-50 Bus/Taxi mix

Business Passenger 50 km/h Taxi -

These speeds have been taken from information derived locally. It has been assumed that
business travellers would fargely travel by taxi and hence these are the fastest of the three
passenger groups. It has been assumed that social travellers would use public transport which
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is. slower than travelling by taxi because of the need to stop to pick up other travellers, in
addition these would not necessarily be direct routes and depend on the pubiic fransport
schedules. Tourists have been assumed to use a mixture of the two methods.

e) Road cost

The costs associated with road travel have been derived locally and are presented in the table
below. These costs are based on 1998 prices and as they are only used for comparison
purposes have not been updated. These figures have been assessed for each type of
transportation based on their own associated costs. An average has been taken in the case of

taxi costs because of the range of prices relating to quality of vehicle.

Category - Cost per road km travelled
Truck 7 Rupees

Social Passenger . | 1Rupee

Tourist Passenger 3 Rupees

Business Passenger | 4.5 Rupees

For the purpose of the techno-economic model analysis passenger accommodation has have
been grouped into First Class which relates to the TCS catego‘ry of business class passengers

and Second Class which is combination of social and tourist users.

f) Qverflow

It has been assumed that when there is excess demand on one of the ferry routes some of
this excess would choose to travel by an adjacent shorter-ferry route-rather than switching to
road. A proportion of 15% of this excess has been selected for transfer in the analysis. The
hierarchy of routes for overflow transfer are shown below. It should be noted that there is no
transfer of overflow from the Gogha-Dahej route as this is already the shortest passage.
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From To From From

Dahej-Pipavav ~——_
o Gogha-Dahej
Gogha-Suvali —

None

Gogha-Mumbai \ , _
Gogha-Suvaii ————— Gogha-Dahe;j

Pipavav-Suvali/

Pipavav-Mumbai — Gogha-Mumbai

Gogha-Suvali

g) Truck proportion as a percehtage of total vehicles

The TCS report which has been used to provide the raw data for this study was based on a
large survey of traffic in Gujarat. One of the conclusions of this survey was that truéks make up
approximately two-thirds of all -vehicles_"qn the roads. Since we discount cars and buses as
potential users of the ferries, we .hav_e f'to'_reduce'thé overall traffic in the raw data to truck only.
We have assumed that the_prob_ortion found in the survey has not changed and have selected
67% as the proportion of trucks 'ouf of the total volume of traffic.

h) Ferry capacity

Having considered a broad range of possible ferry types we have selected a ferry capacity of
800 passengers and 90 trucks for the study. This has been derived from a study of vessels
that are currently operating in sirhilar sea conditions, vessels that are available on the world
market and by consideration of likely demand on these routes. At this stage the 'design’ vessel
can only be an indication of the iype of service that could operate because in practicé a variety
of vessel sizes could be adopted. The number of trucks that each vessel can carry is greater
than the ofﬁé_ialiy- -.q_ggted'ﬁg_q;gg would suggest because the lorries used in India tend to be
shorter than the fruck-trailer combihatidﬁé 'ﬁ's'ed in Europe on which the quoted figures are

generaily based. -

i) Distances -
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s MR TR S o TePOIL. The sea distances have been measured from Admiralty
charts on the basis of actual routings that are likely to be sailed between each destination,
these therefore includes an allowance for detours around shallows and other dangerous
areas. '

i ~ Allocation of costs

The costs of running the ferry depénd partially on capital and running costs of the particular
ferry chosen and to somé extent on other factors that could not be precisely calculated. Other
influences are, training costs and escalation of pay for labour and crew, fluctuations in the price
of oil, and changing interest rates. All of these change with time and some of which are

completely out of the sphere of influence of the ferry operator.
k) Fuel consumpﬁon

Fuel consumption has been based on available specifications of suitable vessels currently in
use on other routes. Actual consumption could vary drématic:alfy with the particular vessel

chosen.
1) Cost allocation over routes

Costs have been allocated between rqute's on the basis of distance. The: decision over cost
allocation would be made by the ferry operator so any assumption here is purely arbitrary. It
does not, however, affect the overall proﬁta'bility of the entire service network.

In running the model for the full network of five terminals provision has been made for the four

main interrelated variables:

a)  The number of ferries

The number of ferries operating on the service is the principal limit to the number of trips that
can be made to any one port per week. We have drawn up schedules to consider the
operation of one, two and .thr'ee_ vessels and have noted that the largest marginal increase in
revenue resulted from the introduction of the second vessel. The reason for this is that
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the distribution of terminals lends itself to two different working regimes, these being the long
trips to Mumbai and the short trips in the Gulf of Cambay. While a single vessel could
theoretically cover both of these functions it wouid always have to compromise to some extent
between the activities.

b) Choice of routes from those available

For each selected fleet of vessels operating on the network of routes there is an optimum set
of sailings, although these can be programmed for different timings. The most efficient way of
choosing the routes is to identify the set of crossings for which the excess demand is the
lowest over all categories of user. This has been done in conjunction with practical
considerations in order to define the optimism number of sailings between each of the

destinations.
c) First Class/Second Class paséehger split

The proportional split between First and Second class passenger accommeodation which has

given the largest overall revenue for the ferry network has been chosen.

d) Fares

Fares have been calculated to give the largest possible revenue when the computer mode!
was run for the selected combination of other variables. Each type of fare, i.e. for trucks, First
Class passengér and Second Class paéseng_er was set individually for each route. This gives‘
2 maximum Operatingf'rei/enue' for the ferry network although there will be occasions when this
~annot be achieved in practice, for example it would be advisable to set fares at iower levels in
he first instance in order to promote ferry use-as a realistic alternative to the roads. Also there

vill be periods when bad whether will cause delays and disruption.

- @ eratin Costs_

The cost of operating a ferry is made up from a number of component parts. We have made
an assessment of these costs considering fixed costs charged on a time basis and running

~osts charged on a distance basis.

137 Beckett Rankine Partnership
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a) Capital Costs

The cost to purchase the vessels, whether they are new or second-hand, represents a
significant commitment for the ferry operating company. For flexibility of service it has been
assumed that two ferries capable of making the longest journey on the network will be used.
When the service starts two types of vessel may be used on the network of ferry routes. A
ferry that is suitable for the shorter crossings on the northern part of the network would have
few overnight berths and more limited facilities than the vessels for the longer crossings. For
the routes connecting to Mumbai the ferries would have overnight accommodation. However
for the purpose of developing costs as input to this study we have assumed that the network
will consist of two of the latter type of ferry each with a current (1998) secondhand cost of Rs
17.25 crore. These figures relate to actual vessels that are currently in operation on a similar
routes elsewhere in the world. It should be noted that the secondhand ferry market is
dependent on many. specific ,factors_ahd the. prices will obviously be different for different
vessel! specifications and ages. All pribeé are Iiable-to change depending on market conditions.

b) Charge against equity

We have assumed that the cost of thé vessels would be in the form of equity with a further Rs
3.5 crore of equity required for activities associated with start-up of the service. In order to put
a reasonable charge against cost in this study we have assumed an 18% annual payment on
the reducing total sum over a period of eight years. This gives a total of Rs 38 crores for capital

costs.
Capital Costs For Two Vessel Service — 1998 prices | Lacs Rs
Total capital costs ‘ 3800
Total repayable over 8 years (including charge @ 18%) 6878
Average repayable per year 859.75 |
Average Daily cost : 2.355
'm,lm 2710404 138 Beckett Rankine Partnership
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Crew Costs

Manning levels have been taken for similar vessels operating elsewhere and related to costs in
india. Two crews have been allocated for each vessel to enable round the clock operation. A
total of four crews of 20 have therefore been taken for costing purposes to give' a total cost of
USD 150,000 per month which relates to Rs 2.01 Lacs perday. '

There are a number of factors that can affect the cost of crewing the vessels, These incl"ude'
the flag under which the vessel sails, natiohality of the crew and whether the officers are

licensed for home or foreign trade.
d) Consumables and Maihtenance

Consumables such as a oil and lubricants are generally used at a predictable rate and we
have adopted a figure of Rs 0.34 lacs per day derived for a vesse! similar to those considered
in this study. Similarly we have adopted a figure of Rs 0.76 lacs per day for maintenance and

repair of the vessels to cover the regular maintenance programme.

e) Fuel _ e | _ R -

The utilisation of fuel by the vessels has been worked out as a cost for the distance travelled.
This has been related to the quantity of fuel and its current. price, As vessels consume
considerably more fuel when sailing between ports than at the berth different consumption
rates of 24 and 2 tonnes per day have been derived for respective activities. The proportion of
time at sea during a weekly schedule has been calculated for each network of routes and this

has been used to calculate the total fuel consumption.

A cost of Rs 12,000 per tonne has been taken as the current (1998) duty paid price for marine
diesel oil. This price is liable to significant fluctuation depending on where and when it is
purchased. For example the fower cost of fuel in Dubai could be used to the benefit of
international routes. Also there is a significant difference between the bonded price and duty
paid price. The price of this fuel is currently maintained at artificial levels although we
understand that this wnl! “ceasé ihutwo years time leaving -the pricé't-c-:" move in !me with world
markef. This will inevitability have a signiﬁéaht sffect on fuel costs at that time and to give an
indication of recent fluctuations on the world rharket mariné-diesel prices have changed by 39
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% over a recent 4 month period. Other factors affecting the total fuel costs are the actual fuel
comsumption and type of fuel used, both of which are specifically dependent on the type of
vessel used and its mechanical condition.

5.2 Atotal cost has been derived by summing all of the above costs as shown below.

Operating Costs Per Day Per Vessel - 1998 prices Lacs Rs
Ofﬁcers and crew costs 1.00
Consumables - | .. 034
Repair and Maintenance ' . 0.76
Insurance 0.28
Fuel| (Fuli Network) ] 2,33
Total : : _ 4,71
Fuel (No Suvali) 2.21
Total (No Suvali) - 4.59

Total Vessel Costs {Two Vessel Service) — 1998 prices Lacs Rs

Daily cost for operating full network 11.78
Daily costs for operating without Suvali : - 11.54
Daily costs for suspended operation . 712

Terminal Operating Costs

Manning

The efficient operation of a ro -ro terminal requires a substantial number of staff, These

include:-
. The Management comprising the Port Manager, the Harbour Master, the

Opérating Superintendent and their deputies;

. The Harbour Master's Staff comprising the port control duty managers, and
their assistants;
— ravised 27/0401 140 Beckett Rankine Partnership
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. The operating staff comprising the Terminal Manager, the Linkspan

Operators, Cargo Handling gangs, traffic marshals etc;

. The Accounts Department comprising the Financial Manager and clerical
assistants; ‘

. Security Staff comprising the Security Chief and security officers

. Maintenance Engineering Staff comprising the maintenance engineer,\his

deputy, mechanical, electrical and civil engineers, foremen, fitters, welders,

electricians, plumbers, joiners, painters, riggers and their mates and

labourers;

. Administration staff comprising administrators, personnel, property
managers, their assistants, secretaries and cleaning staff.

> The total number of staff required to opei'ate each terminal on a three shift basis is estimated

as follows: -
Gogha or Suvali or
Dahej Mumbai or
Pipavav

Management 6 4
Harbour Master's Staff | 7 -
Operating Staff 25 25
Accounts Staff
Security Staff 4
Maintenance Engineering Staff - 15 15
Administration Staff 7 7
TOTAL 71 62

. The staffing requirement is less at Suvali, Mumbai and Pipavav than at Gogha or Dahej. This
is because a new ro-ro terminal at either Gogha or dahej would require the establishment of a
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new Harbour Masters department, while at Suvali, Mumbai and Pipavav, términals would

come under the control of existing Harbour Masters

If the emplbyment cost of each 7employeé is taken as Rs 300,000 per annum including salary
and overheads for all staff categories the total annual cost of manning each terminal would be
Rs 21,300,000, say US$ 480,000 at Gogha and Dahej. The total annual cost of staffing at

Suvali would be Rs 18,600,000, say US$ 410,000.

uel, Utilities and Services

To evaluate the annual cost of providing water, electricity and other services, the following

percentages have been applied to the capital/purchase cost as follows: -

Buildings 0.5%
Water supply : 0.5%
Street Lighting : 0.5%
Linkspan 1.0%

The annual cost of providing fuel, utilities and services at Gogha is therefore as follows: -

Item Capital/Purchase Price Annual Cost

$ % $
Buildings | 987,122 0.5 4,936
Water supply 33,087 0.5 165
Street Lighting 23,245 0.5 116
Linkspan 1,814,186 1.0 18,142
TOTAL : 23,359

The annual cost of providing fuel, utilities and services at Dahej is estimated as follows: -

Item - Capital/Purchase Price Annual Cost

$ % $
Buildings 855,373 0.5 4,277
Water supply 29,733 0.5 149
5 - savised 2710410 142 Beckett Rankine Partnership
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3

Street Lighting 20,898 0.5 105
Linkspan 1,814,186 1.0 18,142
TOTAL . 22,671

For the purpose offinancial analysis, we have assumed the same costs at Suvali, Mumbai and
Pipavav as at Dahej.

Maintenance

To ensure that the ro-ro terminals are kept in an efficient and safe condition, it will be
necessary to ensure that money is set aside for annual maintenance. In the first four years of
operation, maintenance costs are comparatively fow but would then build up as structures and

equipment begin to be affected by wear and tear.

in the first four years, the maintenance staff might consist only of fitters, electricians and
plumbers together with their mates all under the control of a general trades foreman. Their
duties would be to deal with breakdowns in the mechanical and electrical equipment as well as
the water supply system. In the fourth year, it would be advisable to provide a fully equipped
workshop where equipment can be repaired and serviced. The workshops would provide
storage space for spare parts and would provide a base for all maintenance staff.

The annual cost of maintaining port structures is about 1% of the capital cost, whilst the annual
cost of maintaining mechanical and electrical equipment, including the linkspan, is about 5% of

the purchase price.

0 On this basis, the full annual maintenance cost at Gogha from the fifth year onwards is as

follows: -
Item Capital/Purchase Price Annual Cost
$ % $
Port structures 18,310,779 1 183,108
Linkspan 1,814,186 5 9,070
Street Lighting 23,145 5 116
TOTAL o o ‘ | 192,294
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At Dahej, the full annual maintenance and cost commencing in the fifth year would be as

follows:; -
Item CapitallPurchése Price Annual Cost
$ % $
Port structures 16,705,781 1 167,058
Linkspan 1,814,186 5 9,071
Services 20,898 5 104
TOTAL 176,233

For the purpose of financial analysis we have assumed that the annual cost of maintenance at
Suvali, Mumbai and Pipavav would be the same as at Dahe;j, andiwill take a 50% contribution
from the JV partner. |

Summary of Terminal Operational Costs

A summary of the yearly costs of manning, fuel, utilities and services together with a full year of
maintenance are summarised in Table 13 — “Summary of Annual Termina! Operational Costs”

shown in Appendix H

Revenue

An attempt has been made to estimate the possible revenue available from this service.
Although this has been calculated in a thorough and logical manner the study is based on
many assumptions and it should therefore be taken as a guide to the magnitude of possible

revenue.

The techno-economic model has been run with the various cdhfigurations of vessel and
terminal operation levels with overall revenue being calculated ?during this process. Each
statz‘ed level is optimised revenue, i.e. it is the revenue available if the fares are tuned to the
capacity created by the service configuration in question. The modjel has been run for several

different route-configurations and the resulting predicted revenue is shown in the table below

for:
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Separate operation of individual routes;

The full network of five terminals operated by two vessels;

~ Four terminals (not Suvali) operated by two vessels. -~

Route

| Total Revenue {(Rupees/day) 1998 Figures
Individual Full No Suvali
| Routes Network
Gogha-Dahej 1,867,000 72,200 76,631
Gogha-Suvali 9,26,000 7,33,690 0
Gogha-Mumbai. 13,10,000.! 10,37,066 13,60,537
Dahej-Pipavav 50,000 41,089 | 44,437
Pipavav-Suvali 1 0,46,000 8,34,262 0
Pipavav-Mumbai 9,62,000- 7,50,200 8,97,632
Total 34,68,507 23,79,237

For the full service there is an optimum revenue associated with each route. In'each case the
calculations have shown that this revenue is_ less than for a case when only the individual route
is active. However, the cost of running the ferries would spread over the several routes
comprising the ferry network, rather than a single route having to support all of the overheads,

particularly as the vessels may not be fully utilised.

The terminal at Suvali is likely to be too exposed for safe use at all times during the monsoon
season, so an alternative schedule would have to be considered. The revised schedule that
we have prepared for the pur_po_se of this study gives overall revenues that are probably as

high as could be expected with one of the principal terminals out of use.

A further breakdown of the revenue that could be ge'nerated from the full network is shown in

the following tables:
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Qne Vessel operating on the full network of five terminals (1998 figures)

" Route Round | Users % of total Average Single ferry [Total Revenue
Trips per| carried |using the fefry single cost by fare (Rs)
week |per week service road (Rs) (Rs) per week
nue From Trucks
gha - Dahej 2 360 6.33% 2,121 357 1,28,520
gha -~ Suvali 2 360 3.93% 2,938 1,855 6,67,800 |
ha - Mumbai . 2 360 2.42% 5,234 3,067 11,04,120
€] - Pipavav 1 150 10.75% 2,377 990 1,48,500
avayv - Suvali 1 180 2.93% 3,100 7 2,184 3,93,120
vav - Mumbai 1 180 1.21% 6,152 4372 7,686,960
“Totals 9 (1,590 32,29,020
nue From First Class passengers
gha - Dahe; 2 1,017 | 897% 1,364 201 2,04.417
Jha - Suvali 2 1,120 4.51% 1,889 1,184 | 13,26,080
ha - Mumbai 2 1,120 9.24% 3,365 1,801 | 20,17,120
ej - Pipavav 1 255 22.12% 1,528 315 80,325
vav - Suvali 1 ] 860 | 298% 1,993 1,690 | 9,46,400
vav-Mumbai | = 1 560 4.6_2%‘ | 3,955 2,653 14,29,680
Totals 9 4,632 , 60,04,022
\we from Second Class passengers
ha - Dahe] 2 |1541 | 555% 606 133 2,04,953
tha - Suvali 2 2,080 3.77% 839 563 11,71,040
a - Mumbai 2 2,080 6.72% 1,495 1,126 23,42,080
3 - Pipavay 1 398 13.68% 679 206 81,988
vav - Suvali 1 1,040 2.18% 886 1,080 11,33,600
av - Mumbai 1 1,040 3.36% 1,758 1,521 15,81,840 -
thals 9 8,179 ' 65,15,501
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One Vessel operating between four terminals (not Suvali) (1998 figures)

“Route Round | Users % of total Average Single ferry [Total Revenue
trips per | carried | using the ferry |single cost by fare (Rs)
week |perweek service road (Rs)’ (Rs) per week

nue From Trucks

180 3.17% 2121 544 97.920

jha - Dahej. 1

yha - Suvali 0 0 2,938 0
ha - Mumbai 2 360 | 2.42% 5,234 3,066 _ 11,038,760
ej - Pipavav 2 158 11.32% 2,377 928 1,46,624
vav-Suvali | 0 0 3,100 0
av - Mumbai | 2 360 242% | 6,152 4279 15,40,440
Totals 7 1,058 _ 28,688,744
e from First Class passengers _ |

';ha - Dahej 1 558 4.93% 1,364 292 1,62,936
lha - Suvali 0 0 ' 1,889 0
¥a - Mumbai 2 1,120 9.24% 3,365 1,801 20,17,120
3f - Pipavavy |- 2 400 34.64% 1,528 136 54,400
vav-Suvali | 0 0 1,993 ‘ 0
av - Mumbai 2 1,120 9.24% 3,855 1,851 20,73,120
Totals 7 3,198 43,07,576
ue from Second Class passengers - S

ha - Dahej 1 1,040 3.74% 606 166 6,30,240
ha - Suvall 0 "0 - 839 0
a- Mumbai 2 2080 |  672% 1,485 1,126 23,42,080
j - Pipavav 2 340 11.67% 679 212 72,080
jav - Suvali 0 0 . 886 0
v - Mumbai 2 1,762 5.69% : 1,758 1,058 18,65,958
Totals 7 5,222 49,10,358
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Two Vessels operating on the full network of five terminals (1998 figures)

Route Round | Users % of total Average Single ferry | Total Revenue
trips carried | using the ferry |single cost by fare ‘(Rs)
per week|per week service road (Rs) (Rs) pérweek

snue from trucks
>gha - Dahej 4 355 6.24% | 2121 285 101175
bgha - Suvali 6 910 9.93% 2,938 908 8,26,280
gha - Mumbai 3 540 3.63% 5,234 . 2,675 14,44,500
hej - Pipavav 1 127 9.12% 2,377 985 1,256,095
avav - Suvali 4 720 11.70% 3,100 1,058 7,61,760
wvav - Mumbai 2 360 2.41% 6,152 3,825 13,77,000
“Totals 20 - [- 3,012 - 46,35,810
nue from First Class passengers _ |
gha - Dahej 4 1,017 8.97% | 1,364 201 2,04,417
igha - Suvali 6 | 3,359 13.53% 1,889. 852 28,61,868
jha - Mumbai 3 1,680 13.86% 3,365 1,632 27,441,760
1ej - Pipavav 1 254 21.98% 1,528 317 80,518
avav - Suvali 4 2,240 11.91% | 1,993 1,084 24,28,160
vav - Mumbai 2 1,120 9.24% | 3,955 1,851 20,73,120

Totals 20 9,670 103,89,843
nue from Second Class passengers
:gha - Dahej 4 {1784 6.42% 606 112 1,99,808
gha - Suvali ] 6,240 11.31% 839 232 14,47,680
ha - Mumbai 3 3,120 10.08% 1,495 985 30;73,200
] - Pipavav 1 402 | 13.82% 679 204 82,008
vav-Suval | 4 | 4,160 873% | 886 637 26,49,920
vav - Mumbai 2 2,080 6.72% 1,758 866 18,01,280

Totals 20 17,786 92,53,896
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Twao Vessels operating between four terminals (Not Suvali) (1998 figures)

Route | Round | Users [% of total using| Average Single ferry | Total Revenue
Trips per| carried |  the ferry singlecost | - - fare | = (Rs)
week |per week service by road (Rs) (Rs) per week

nue from trucks

gha - Dahe;j 5 392 6.89% 2,121 324 1,27.005
gha - Suvali 0 0 ' 2,938 ' 0
jha - Mumbai 5 900 6.04% 5,234 2,504 22,563,600
1ej - Pipavav 2 150 10.75% 2,377 990 1,48,500
avav - Suvali 0 0 | ‘ 3,100 | 0
vav - Mumbai 4 720 - 4.83% 6,152 3,184 22,92,480
“Totals 16 | 2,162 | . 48,21,588
nue from First Class passengers
gha-Dahej 5 1,012 8.93% 1,364 202 2,04,424
gha-Suvali 0 0 1889 0
tha-Mumbai 5 | 2800 _ 23.11% 3,365 1,294 - 36,23,200
1ej-Pipavav 2 255 | 22.05% 1,628 316 80,580
avav-Suval 0 0 = 1,993 0
vav-Mumbai 4 1,297 10.71% 3,965 1628 21,111,616
Total 1 16 5,364 _ 60,19,720
wue from Second Class passengers ‘
Qha-Dahej 5 1,563 5.59% 606 _ 132 2,04,996
gha-Suvail 0 0 839 0
ha-Mumbai 5 5173 16.71% 1,495 705 36,46,965
ej-Pipavav 2 398 13.68% 879 2086 81,988
vav-Suvali 0 0 886 0
jav-Mumbai 4 1,737 5.61% 1,758 1,082 18,79,434
Total | 16 | 8861 | . W ~58,13,383
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Three Vessels_ operating on the full network of five terminals (1998 figures)

Route “Round | Users [% of total using| Average Single ferry | Total Revenue
Trips | carried the ferry single cost fare | (Rs)
per week |per week service by road (Rs) (Rs} per week

enue from trucks '
sogha-Dahej 5 317 5.58% 2,121 324 1 ,02,708\
sogha-Suvali 8 821 8.96% 2,938 - 1,019 8,36,599
ogha-Mumbai 6 1,078 7.24% 5,234 2,338 25,20,364
ahej-Pipavav 1 126 " 9.07% 2,377 990 1,24,740
pavav-Suvali 6 682 11.08% 3,100 1,120 7,63,840
avav-Mumbai 2 360 2.42% 6,152 3,824 13,76,640

Totals 28 3,384 o 57,24,891
enue from First Class passengers
sogha-Dahej 5 1,012 8.93% 1,364 202 2,04,424
ogha-Suvali 8 4,480 18.04% 1,889 693 31,04,640
gha-Mumbai 6 3,360 27.73% 3,365 1,125 37,80,000
shej-Pipavav 1 255 22.12% 1,528 315 80,325
pavav-Suvali 6 3,359 17.86% 1,993 - 897 | 30,13,023
avav-Mumbai | 2| 1,119 9.25% 3,955 1852 | 2072388

Totals 28 |13.585 T 122,564,800
enue from Second Class passengers
§ogha-Dahej 5 1,807 6.50% 606 110 1,98,770
ogha-Suval 8 | 7206 | 13.06% 839 199 14.33,004
>gha-Mumbai 6 6,229 20.12% 1,495 589 36,68,881
ahej-Pipavav 1 372 12.78% 679 211 78,492
bavav-Suvali 6 6,071 12.75% ‘ 886 480 29,14,080
avav-Mumbai 2 1,772 5.72% 1,758 1,060 18,78,320

Totals 28 23,457 101,72,537
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The revenue figures can be balanced against the costs of operating the ferry service to give
an indication of the amount of money that could practically be made available as a payment
towards the costs of shore facilities and other requirements. The projected profit has been

calculated on the basis of an operation comprising the use of two ferries, one for the longer
distance routes and the other for the shorter crossings.

It would be reasonable to consider that the ferry operator could break even with a load factor
on the vessels of 60%. This gives the following annual set of figures assuming that the full
service is operating for 300 days, the service without the Suvali terminal is operating for 40
days and there is no operation for 25 days. '

Revenue for break eveh o L.acs Rs per year
Full Network Trucks: 300 Days @ 60% Occupancy = 1,192
Full Network 1 Class: 300 Days @ 60% Occupancy = | | 2,671
Full Network 2™ Class: 300 Days @ 60% Occupancy = 2,379
No Suvali Trucks: 40 Days @ 60% Occupancy = 165
No Suvali 1* Class: 40 Days @ 60% Occupancy = 206
No Suvali 2™ Class: ' 40 Days @ 60% Occupancy = 199
All Classes | 25 Days no operation = 0

| TOTAL REVENUE 6,812

Costs (not including Tariffs efc)

Full Network 300 Days 3,634
No Suvali ' 40 Days | 462
No operation 25 Days : 178

TOTAL COSTS 4,174

Sum available for tariffs and other costs (Including harbour
dues, terminal operating costs etc) on the basis of the set of
assumptions outlined above (at 1998 prices) , , 2,638
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Sensitivity

A sensttivity analysis has-been carried out for the ferry revenue in the case of the full network
with two vessels operating. Most significantly if a different factor were used to determine the

-_proporti_on of total travellers that would use the ferries, a different set of results would be

produced. _There is a case for including a multiplier within this factor to make the demand for

ferry travel more or less sensitive to price/time, If this wefe to be inserted then the present

J

assumption would become a multiplier of one in the middle of the sensitivity slope. The bottom
of the slope implies that there will never be any demand for the ferry and the top of the slope
implies that as soon as any saving at all is made then everyone will take the ferry. Both of
these implications are unreasonable. The change in sensitivity at the central position on the
slope appears to be shallow -enough to make the original factor a valid assumption. The

multiplier is therefore shown to be unnecessary.

The other assumptions that have been made are associated with lower sensitivities. For most
of the assumptions a 10% change in input leads to less than a 1% change in output. As is

shownbelow. = . ,
Assumption ' Rank | Change “for 10%
- | '_chénge in assumption
value. )
‘Ferry user factor 1 ~10%
Passenger cost/km 2 ~7%
Truck cost/km | 3 ~5%
Vessel capacity, passengers | 4 ~2%
Costitime Weighting 1’5 1%
First Class/Second Class | 6 T~1%
passenger split |
Vessel capacity, trucks . 7 <1%
FerrySpeed _ . |8 <% . )
| Road Spéed, alt users 19 <1%
| Boarding time |10 <%%

. : _ _ c
The full results of this sensitivity analysis are shown in Appendix}z/.
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A detailed sensitivity analysis has not been carried out for the constituent cost elements. It

should however be noted the largest cost element is fuel which can fluctuate considerably.
These fluctuations will have a dramatic effect on the profitability of this ferry service.

Future Growth

It is extremely difficult to make accurate predictions of expansion in demand for a ferry service
that has not even sterted to operate. As there has not been a fully operational Ro-Ro service
in the area against which to monitor' the effect of variables on increased demand, many of the .
critical factors are unknown. An estimate can be made of these variables, such as the
expansion of the local population, the leve! of loyalty to bus companies and the amount of new
business opportunities which will be created by the ferry service. However any resulting
figures are likely to be sensitive to change in these variables. This problem has manifested
itself with the predictions of incorrect user.numbers on many transportation projects world
wide, some of these have been a serious. underestimate whereas others have been seriously

over estimated.

Future predictions of usage cannot therefore be -eccurately predicted for the new ferry service
afound the Gulf of Cambay. However. in order to achieve an indication of possible usage in
future years we have made use of the projected user figures from the TCS report. The level of
demand predicted by our study differs from the level of demand predicted by the TCS because
the choice of routes is different. However, one of the networks in the TCS report covers the
same population as ourr network. it een therefore be essumed that the rate of increase in
demand will be similar because the same group of users is involved. The rate of increase in
demand follows a path which can be Justlf ied. The d|agram be!ow shows this increase in

potentlal ferry demand from 1996 Ievels as well as the predlcted mcrease in poputation from

1996 levels.

8
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Demand And Population As A Proportion Of 1996 Levels
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9.9.3 It can be seen that during the first few years demand for the ferry service would be Iikeiy to
increase at a higher rate than the population as journeys are created by the very existence of
the ferry network. In future years this seems to stabilise and the demand increases in line with
population growth. This increase in demand is irrespective of the capacity of tﬁe farrios and
does not fake into account fluctuations in any other factors, such as ferry fare, economic well
being of the region, improvement in facilities at the terminal and changes in Octroi charges.

9.9.4 We have applied projections of traffic growthto the proposed network of ferry routes. Because
of the increase in user numbers up to six vessels have been considered.

An indicative chart relating revenue, costs and operating profit for a service running at 60%
capacity is shown below; costs and revenues relate only to the ferry service and make no

allowance for contributions to terminal costs:
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.10 Financial Analysis

.10.1 In this section we review the possible revenues and running costs for four routes or
combinations of routes and compare these to the projected operating costs (ferry company
-costs) in order to assess the viability of each route or combination, Although the ferry operating
costs take account of the capital costs of the provision of the ferries, we have not included
capital costs of the terminals, (State costs). We do this because we have been advised that
the State Government considers the venture to have social value, and recognises that
imposition of full costs on the service is likely to cripple the venture financially in the start-up
phase. It is also necessary to recognise that provision of the ferry operation will be a
commercial venture and will not be undertaken at a loss. We look therefore for a surplus on
the operating costs of the operation which may be used to contribute to the State's capital
costs. We have net allowed for any costs in respect of taxes, inflation or land acquisition.

10.2 Revenues are those calculated earlier in the report at section 8.7.10 with an appropriate uplift
for inflation (18%). The revenues shown there are based on maximised values for each class
(i.e. trucks, first class passengers and second class), and we think it unlikely in practice that
these can all be maximised simultaneously. We have therefore taken only 80% of the total in
the evaluation. We assume 335 operating days per year to allow for downtime and holidays,
However we have allowed for the generation of an additional 10% income from sundry items

such as rental from the filling station and terminal concessions.

10.2 We have considered the provision of passenger catamaran services in addition to the main
ferry services, In view of the shortness of the sea journey between Gogha and Dahej, it is
unlikely that a catamaran service here would be viable whilst sea conditions will not permit
operation to Mumba: However such a service m:ght be ettractlve on the Gogha Suvali route
and posmbly Plpavav-Suvall It |s however defﬁcult to ‘asse'ss'“'the'revenue attrabutable to the
catamaran as the revenue predictions are broadly demand led and independent of the service
level. Experlence shows that such a service will often generate its own traffic by making
possible journeys which were hitherto difficult or impossible, and we therefore allow, in Cases 2
and 3, for a revenue increase by removing the 80% cap on revenue. In Case 4, where two
ferries are in operation, the cap on revenue is retained as the catamarans provide only a small

proportion of the services,
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).3 In operating costs we have considered the direct operating costs of the ferry, such as crew
costs and fuel costs and allow also for depreciation and maintenance and capital costs. These

were considered in detail in section 9.5. Catamaran costs are calculated on a similar basis. In
addition we consider the direct running costs of the terminals and these have been assessed
in-Section 9.6 and are summarised in Table 13 in Appendix H. Where we do nof provide the
terminals, as at Pipavav and Mumbai, we have assumed that charges will be equivalent to the

costs we have assessed at Suvali,

.4 The State’s costs at each terminal, assuming that terminal running costs have been met as
above, are the financing cost of the construction and the depreciation or replacement cost. We
have assessed these as 7% and 5% respectively as shown in Section 9.6. In the case of the
full network, wé have made notional allowances based on Suvali costs for Pipavav and
Mumbai. In practice it is likely that these would appear in the form of port charges in the ferries’

operating costs,

.5 We have considered four cases with varying routes or combinations of routes
Case1 GoghatoDahej
Case2 Goghato Suvali

Case 3  Gogha to Dahej and Suvali
Case 4  Gogha and Pipavav to Dahej, Suvali and Mumbai (the full network)

.6 The tables assume that full revenues will be generated immediately, but allow manning levels

to build up to the full costs in year 3 and maintenance costs to build up to normal levels in year

7.

7 Case 1 revenues and costs are shown in Table 14 in Appendix H. The table shows that
projected revenues of some $1,270,000 fall significantly short of operating costs, in Year 1, of
$5,129,000. We think it is unlikely that the revenue from a ferry service on this route or sundry
income could be significantly increased, certainly by a factor of four or more, and hence we do

not consider this route viable in isolation

8 Case 2 revenues and costs are shown in Table 15. The table shows projected revenues of
$9.364,000 and costs of $7,562,000 (Year 1) generating an operating surplus of $1,802,000 in
Year 1. It is clear therefore that the service could make a significant contribution to capital

servicing and repayment amounting to some 58% of those costs.
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9.10.9 Case 3 revenues and costs are shown in Table 16. The increase in projected revenues

compared to Case 2 (some 14% based on the assumption that the individual route revenues

will still apply) is greater than the increase in costs resulting in an operating surplus of

$2,664,000 in Year 1. However, capital costs have been increased by some 50%, and the
- contribution available for capital servicing falls slightly to 55%.

9.10.10 Case 4 revenues and cosis are set out in Table 17 and assume that two ferries and a

9.11

catamaran service the full network. There is approximately 160% increase in revenue,
reflecting the popularity of the service to Mumbai, while costs have not quite doubled; direct
operational costs are now less than 50% of revenue. The operating surplus is now
substantially greater than the cost of capital servicing, reflecting the potential profitability of the

full network.

Conclusions

8.11.1 Our conclusions from the financial analysis of the viability of the ro-ro ferry services operating

across the Gulf of Cambay are as follows:

a) A ferry service on the Gogha-Dahej route would never earn sufficient revenue to

enable the capital costs to be paid off.

b) A ferry service on the Gogha-Suvali route could earn sufficient revenue to make a
significant contribution to capital and depreciation costs, but is unlikely to cover full

capital costs.

c) A ferry service on the Gogha-Dahej-Suvali route could earn sufficient revenue to
contribute to capital costs, but returns a slightly smaller proportion of capital servicing

costs due to the cost of a third terminal.

d) The analysis shows that the most viable service is the full network providing access,
with considerably enhanced revenues, to Mumbai, The operating surplus on the full
network appears to be sufficient to service all capital costs and provide surpluseé for

taxes, profit and further development.
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.0

1.3

1.4

1.5

FORM OF CONSTRUCTION

Approach Bund

The approach bund will carry the access to a point near the Low Water Mark. This point is
selected at each port having regard to the availability of suitable material for construction of the
bund and the characteristics of the underlying seabed, and represents the peint at which
construction of the piled jetty becomes more economic than construction of the bund.

The bund is constructed in rock or similar granular material. A relatively finely graded rhaterial
is used in the core (interior) since this is generally most readily available while larger materials
are used in the outer layers. The core and outer layers may be from different sources
depending on the availability of material and the Contractor's preferences. Core material will
be brought to the site by road and will be tipped directly from lorries onto the seabed. Possible
sources have been identified at Gogha, Dahej and Suvali as shown at section 10.7.

Where the seabed is soft, special measures are taken to minimise the penetration of the core
material into the seabed (thus reducing the volume of material required). The special
measures will involve the placing of geotextile layers or, where available, careful placing of

closely graded rock and stone layers.

The outer layer, comprising precast concrete units, is chosen to provide resistance to wave
attack and requires the individual placing of units. The size of these units is governed by the
wave climate, and is reduced in the shallower where wave penetration is controlled by the
water depth. Side slopes are chosen to aid stability on the soft materials of the seabed and
also to reduce the size of units required for armouring. These shallow slopes will also controt
runup and overtopping during storms, allowing access in all but the most extreme conditions.

The form of construction of the bund, coupled with the relatively soft foundation materials, will
probably give rise to signiﬁcant‘settlements. However these are likely to occur quite quickly,
and the construction programme will be arranged to allow the settlement to take place and
levels be restored before the road is constructed. AS a further precaution, a settlement
allowance is included in the designThe contract arrangements will be drawn up to take account

of these settlements.
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10.1.6 The width of the bund at the crest is controlled by the requirement for a two lane road, footway

10.2

10.2.1

10.2.2

10.2.3

0.2.4

0.2.5

and service reserve. At Dahej additional width is provided for the cement company’s conveyors

or pipelines. The roadway is formed of concrete block paving placed on suitable underlayers
on the core of the bund, and safety barriers are provided on each side. At the seaward end the
two lanes combine for access to the single lane access jetty.

Access Jetty

The access jetty continues from the bund at the Low Water Mark to the berth in deeper water.
The jetty Is of modular construction and is designed for incremental construction from the
shore, although this does not preclude its construction from the sea if required by the
Contractor.

The jetty is supported on pairs of piles founded in the bearing strata below the seabed. Vertical
piles are used for ease of construction and these are designed to provide lateral stability as
well as support to the roadway. The structure is designed for all live loads and weather loading

but is not designed against ship impact. Although, in the case of Gogha, the jetty extends
some distance offshore, we do not consider it necessary to provide any specific passage for
small boats inshore of the ferry berth.

A number of options is available for pile construction and the design is widely drawn to allow
conformity with the contractor's preferences. It is likely therefore that piles will be of bored in-
situ construction which is well understood by local contractors. This form of construction Is
flexible, allowing adjustment to take account of varying ground conditions and will produce well

constructed piles.

Each pair of piles supports a concrete crosshead which in turn supports the deck structure.
The crosshead is designed to allow precast or in-situ construction at the Contractor's option;
precast is to be preferred but may require an accuracy of pile installation which cannot be

attained under marine conditions.

The superstructure, carrying the single lane roadway, footway and service reserves will be
formed of precast concrete units spanning between the crossheads. An insitu deck provide the
running surface for the road and kerbs will be formed on either side which wilt in turn support

safety barriers. Space is available for joint venture conveyors or pipelines.

MBCI0VAS - rovised 270481
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.6 Similar construction is used at the head of the Jetty, which is widened to provide tljrning areas,
space for the passenger shelter and the landward support for the linkspan.
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10.3

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

Berth and Dolphins

The berth is generally defined by a line of dolphins, but at Dahej, where the facility is shared
with the cement company, the inner part of the berth is formed by the rear face of the cement
unloading jetty.

The dolphins, which are of similar design at each berth, are substantial concrete structures
supported on a number of bored cast in-situ concrete piles. The design of the dolphins is such
that they will withstand the forces arising from berthing the ferry and they also carry the loads
from the ferry moorings. |

The dolphin superstructures are substantial concrete structures which link the piles together
and provide a bearing face for the fenders which are placed between the ferry and the
structure. The top of each superstructure supports a bollard which is used for mooring the ferry
and also, at Dahej, for warping the ferry along the berth. Similar dolphins are provided for
locating the linkspan pontoon, but these are not fitted with bollards.

The dolphins are linked together at high level by a light bridge providing for pedestrian access.
This bridge allows access for mooring parties carrying ropes to bollards and also permits
maintenance access to the navigation light on the outer dolphin.

Jetty construction at Dahej is similar to that of the access jetty, being a concrete superstructure
supported on concrete piles. Supporting piles are set on a rectangular grid, with two piles
across the width of the jetty and piles set at a similar spacing along the length of the jetty.
Because of the need to resist forces arising from the berthing and mooring of the bulk cement
carriers and the ferries, the piles in the jetty will bemore heavily reinforced than those in the

access jetty.

The jetty deck is supported on a grid of beams constructed on the heads of the piles and is
designed to support vehicular loads and the loadings from the cement handling plant; if
required by the joint venture partner, rails can be provided for cranes and loading/unloading

machinery.

Similar fenders are provided at all berths and this will simplify the spares holding and facilitate
replacement in the event of damage. Fenders are provided at two levels, linked by a fender

panel and this arrangement ensures that fendering is always available for the ferry regardless

of the_state of the tide.
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.4

.4.1

4.2

4.3

4.4

Linkspan and Vessel Access

In order to control costs, very simple linkspans are used and only Single lane vehicle access is
provided. The same design is provided at each terminal; this will simplify maintenance and
spares stockholding. It would also be possible, although unlikely, to move linkspans between
terminals.

The arrangement is broadly conventional with the linkspan bridge supported at the seaward

end by a buoyancy tank which is integrally connected to the bridge structure; the tank is wider
than the bridge and acts as the interface with the ferry. One face of the tank is fitted with

guides which locate into mating fittings on the dolphins so that the linkspan is securely focated

at all times. At the shore end, the linkspan is supported on a landing beam which allows the

bridge to move up and down with the tide; there is also provision for small lateral movements.

The landing beam incorporates fenders which are capable of absorbing the forces which would

arise if a ferry strikes the linkspan. The bridge deck surface slopes towards the ferry and is

treated with a safety grip wearing surface in the traffic area.

The linkspan bridge is an orthotropic steel box girder spanning between the fixed seat on the
access jetty and the buoyancy tank. The length of 63m provides generally for a maximum
slope of 1 in 10, but at extreme low tide levels this will increase to 1 in 8. The width of 6m
provides for generous single lane road and a reserved pedestrian access protected by a
continuous crash barrier, The bridge is designed to carry the maximum loads which are
allowed on the highway system, together with loads arising from container handling on terminal
trailers, The buoyancy tank is a simple rectangular steel box structure, similar in form to the
bridge, and is subdivided into separate watertight compartments for safety; a number of these
tanks can be filled with water for ballast. Electrically driven pumps are provided within the tank
which are arranged to fill or empty the ballast tanks to allow the draught to be varied to suit the
deck level of the ferry being serviced, Control of level may be carried out manually by the
operator or can be automated by provision of a small preprogrammed computer.

All parts of the bridge and tank structures will be protected by high quality paint systems which
will require relatively little maintenance between overhauls, The tank section will additionally be

protected by cathodic protection in the form of sacrificial anodes attached to the structure.
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0.5

0.6.1

).5.2

.5.3

.56.4

.5.5

.5.6

Shore Facilities

The shore facilities will provide the buildings and infrastructure needed for the efficient

operation of the ferry terminal. Specific material storage and cargo handling facilities, as may
be required by the joint venture partners are not considered here.

Buildings follow a common pattern between the terminals, and where possible similar designs,
or common elements are used at each terminal. With the exception of the terminal building, the
administration building and the shelter house, buildings are single storey. The main structural
form is a reinforced concrete frame with brick or block infill, which will be chosen to
complement local forms and make maximum use of local skills and materia!s:.'High quality
concrete is used for good appearance and to provide durability with minimum maintenance.
Buildings will be generally flat roofed with substantial drainage to deal with monsoon rainfall.

Shallow raft or strip foundations are used for all smaller buildings and under two storey
buildings where adequate ground conditions exist. Where weaker ground is encountered, piled
foundations will be used under the larger buildings and piles will also be used to support the
elevated water tank, \

Roads and parking areas are constructed in reinforced concrete on prepared formations,
providing a durable and maintenance free surface. Roads and parking areas are laid on slopes
which ensure adequate drainage to gullies provided at low points and connected to the main
drain runs. In general, surface water is dr'ained direct to the sea, but in areas liable to oil
contamination, such as the petrol station and the workshops area, runoff will be passed

through oil interceptors before discharge.

No provision is made for centralised sewage treatment, and foul drainage from buildings is
treated in individual septic tanks adjacent to each building. Septic tanks will be constructed in

reinforced concrete and are sized to the demand at each building; treated effluent is

discharged to the sea. .

Service reseweé are provided, generally alongside roaqs, where water and electric services
are located. Water pipes will be buried within protective sand enclosures, but all electric power
and telecommunication cables are run through cable ducts with access chambers and turning
pits at appropriate locations. The water main serves all parts of the site and provides potable
water to buildings and a source of water for fire fighting elsewhere, through hydrants sited at
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“intervals around the terminal. The water mains will be ring-mains so that in the event of
damage a part can be isolated whilst maintaining supplies elsewhere.

Central substations at each site will receive electricity at high voltage from the public supply
through Supply Authority and terminal switchgear. Transformers will provide domestic power
for reticulation around the terminal area which will be arranged on the ring main principle. All
cabling is placed underground. The substations also contain standby generating sets which: will
‘provide power during cuts; the generators will be sized to power essential equipment only
(such as that required for navigation) and emergency lighting.

Water supplies are taken from main supplies where possible, and are passed through small
treatment plants to lmprove quality. Because of potential high instantaneous demand for
bunkermg and fire Trghtmg, substantlal reserves equal to several days’ supply are held in
underground tanks near the trea_tment pla_nt, and further supplies are held in an elevated tank
which maintains pressure in the event of mains fallure. Small pumping sets in the treatment
plants will transfer water from the underground tanks to the elevated tank. A simplified system
is provided at Suvali where the termmal will be able to rely on the port water supply. The
elevated tank Wlll be a reinforced concrete structure, which as noted above, will be supported

on a piled foundation.

Workshop facilities are provided at each terminal which will deal with routine maintenance of
the terminal plant. The workshops will be equipped also to carry out minor repairs, and it is
likely that one (at the ferry company’s option) will be equipped to a higher standard to provide

support to the ferries.

) Weighbridgés are provided at each terminal, sited to permit the weighing of some or ail
vehicles to the ferry operator's 'req_uireménts. The weighbridges will be of 20t capacity with
provision for this to be upgraded as vehicle weights increase in line with international practice.
An operator's cabin is provided at thé- weighbridge and is linked electronically to the ferry
control so that weights are monitored for the ship’s manifest and cargo control.
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SUPERVISION OF CONSTRUCTION

Introduction

1 The present report deals with the growth of the concept and development of detailed designs
for the project. In the sections which follow we show how the project can be brought to fruition.

Tender Process

| Once the concepts and designs have been approved and finance is in place, it is appropriate
to call for tenders for the construction of the ferry terminals. Prior to this, the Consultants wi‘[l
have prepared lists of Contractors who are able to carry out the work and who wish to be
considered for the tender lists.

It is possible that only a few Indian contractors will have the skills and resources to execute the
marine works which are likely to require the use of specialist plant, and even these contractors
may wish to associate with specialist international contractors. Converse[y, the onshore works
are well within the capacity of many local contractors. The terminals are widely separated
geographically and we doubt that there will be any benefit in treating them as an entity. We
therefore propose to divide the project into marine and on-shore components and to have
separate contracts at each terminal. This would not preclude, however, any contractor from
tendering for or (subject to capacity) winning more than one contract.

In view of the likely international interest in the offshore works, we propose to use an
international form of contract (e.g.FIDIC) for these works with a locally accepted form for
onshore works. All contracts will be on a measure-and-value basis.

As an initial stage in the process, we would advertise the project nationally and internationally
and invite expressions of interest from qualified contractors, The enquiry would give outlines of
the development at each terminal, an outline bill of quantities, a programme and a statement of
the resources which the consultants would expect a successful contractor to be able to bring to
the project. The consultants would then assess the expressions of interest and shortlist those
contractors who appear to have the proper experience and resources and be capable of
executing the works competently. Should there be widespread interest, we recommend that
the shorlists should be further restricted and a selection made of the best qualified
contractors. We have found in the past that a list of perhaps 6 to 10 tenderers will produce the
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best offers; a long list often discourages those who are best suited, and indiscriminate
tendering of course merely serves to increase the overhead of the contracting community as a
whole.

.5 Once the decision to go to tender has been taken, tender documents will be issued to all
contractors who are on the shortlists and who have recently reconfirmed their interest. A
tender period of two to three months will be appropriate,

\
.6 The tender documents will include a statement of the design parameters (Appendix H) and
tenderers will be permitted to propose alternative designs. It will be a requlrement of tendenng
that ai tenderers price the Consultants’ design in addition to any alternative.

Tender Evaluation

1 Since all contractors will have been assessed during the preparation of the shortlists, it will not
be necessary to check contractors’ technical competence again; we suggest, however, that a
two stage assessment process be used so that tenders are not evaluated on price alone. Thus
we recommend that all technical proposals are carefully scrutinised first, and any that are
unsatisfactory or iil thought-out should be discarded at an early stage in the evaluation. dnly
those offers which are accompanied by a satisfactory technical proposal should be allowed to

proceed to the second stage of financial evaluation.

2 Any altern'_ative designs will be'checked for general suitability at this stage, and will only be
checked in detail if the alternative financial offer is attractive.

The financial evaluation will be concerned principally with the overall cost, but this will be
tempered by other considerations such as:

. Rate of cash ﬂow and whether any advance payment is requested

. Overall completion time and the cost/saving of earlier/later completion
. Any reduction if more than one contféct is awarded

. Any offer for finance

. Any foreign currency requirements

3 It should be noted that all the contracts are interlinked and there is no benefit, for example, in
early completion of the on-shore works unless the marine works are also complete although in
this case the converse may not apply and it may be possible to use the marine terminal before
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completion of the onshore facilities. Similarly there is uniikely to benefit in the early completion
of facilities on one side of the Guif unless matched by facilities on the other side, and
conversely late completion of any contract nullifies timely completion of other contracts.

4 Late completion may also incur penalties in respect of the ferry operation and the need for

timely completion must be stressed to tenderers. The construction programme will also need to
be considered in conjunction W|th the programme for the development of the ferry service.

Contract Award

Each contract will be awarded to the contractor whose offer best fulfils GMB aspirations in
terms of quality, time and price.

It will be important at this stage for GMB to ensure that any necessary ﬁnance is in place and

ail approvals have been obtained so that construction may start prompt!y

Preliminary Construction Programmes

F—

Preliminary construction programmes for the works at Gogha and Dahej are shown on Figs
11.1 and 11.2. These programmes will need to be updated as soon as construction contracts
are awarded and detailed programmes have been agreed with contractors.

The construction programmes are very much affected by the southwest monsoon periods
which extend from mid June to September each year. During a monsoon period, progress on
the off-shore structures would be reduced to virtually nil and work would be confined to on-
shore. The contractor's tender would have to include for the cost of disruption to the works

over each monsoon period.

At both terminals, the award of the contract would have to be so arranged that the contractor
could mobilise on'site in read.iness_ for an immediate start on the marine works following a
monsoon period. During the mobilisation period, the contractor would set up temporary
facilities required to support the construction works. These temporary facilities would include
pile fabrication yards, workshops, plant yards, storage facilities, site offices, car parks, welfare
accommodation, staff accommodation camp, etc. |t WOuId be necessary to ensure that
sufficient land would be made available to the contractor immediately following the award of
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of construction materials on to floating plant engaged on the marine works. At Gogha, the
contractor may elect to use the existing bund, or may utilise the facilities at Bhavnagar.

Because two different types of civil engineering are involved, we anticipate that the on-shore
and off-shore works would be undertaken by separate contractors. The two contracts would
be completed in parallel but separate land areas would be required for each contractor to set
up temporary facilities. It would obviously be necessary for the land occupied by the offsshore
works contractor to be outside the area allocated to the on-shore works, and this. may require
temporary leasing of land. '

5.5 We anticipate that the works at both Gogha and Dahej could be completed within a 25 month

contract period.

Construction at Suvali, being of a similar nature, could be completed within a similar timescale;
however, progress here is dependent on the overall cdnstruction of Hazira Port. If port
construction is well advanced by the time the ferry terminal contract-sfarts, it may be possible
to work through the monsoon season (or at least suffer less disruption) so that a faster
programme may be obtained. There may well be benefits in incorporating the offshore
construction at.'Suvali within the bverall port construction contract.

Construction Supervision

The Consultants will supervise a_ll stages of the construction process. In general we will deploy
locally based staff, supplemented with _vis]'ting inspection from the UK design team for critical
phases of the work (principally the marine construction).

it should be noted that th_e FIDIC and similar forms proposed (see 11.2.3 above) provide for
control of the contract by the Resident Engineer under delegated authority from the

‘Consultants, and do not aliow for day to day control by the GMB. However the Consultants’

and Resident Engineers’ authorities are controlled by the contract and exercise of certain
powers, usually financial, will be limited in extent or may be subject to the prior approval of the

GMB.

3 It is likely that construction will be carried out simultaneously at all sites and so several teams

will be required. Each site supervision team will be led by a Resident Engineer who will head a
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Maritime Board ' Ro-Ro Ferry Service in the Guif of Cambay

eam- of engineers and checkers; the same team will deal with both marine and oh-shore
onstruction. The teams will be supplemented by. specialists as necessary to deal with, for
2xample, specialist marine construction or mechanical and electrical works. For consistency,
ne Resident Engineer will be designated as Chief RE and will be the ultimate authority at all
ites.

1 addition there will_be offsite inspection' for items like the linkspan bridges_and pontoons
rhiqh will be manufactured by specialist fabricators or shipyards. v

he construction contracts will contain provisions for contractors to provide facilities and
upport to the Resident Engingers.

he Consultants will draw up a Construction Co-ordination Procedure which will provide
uidance to the contractors ih respect of: |

Communication and Correspondence

Review Meetings and Records

Reporting (daily, weekly and monthiy)

Programme and Planning

Safety Policy ‘\

Quality Management (QM) system

Protocols for inspection and verification of work

Construction Documentation

s.-Bujlt Dossler

n important part of the supervision process is the co_mpilation of the As-Built Dossier to form a
cord of the project as actually constructed. Although the project is fully designed there are
evitably variations from the design due to unexpected ground conditions, changes made by
e contractor to suit his method of wdrking_, changes to the design requirements and other
asons. There are also other matters not specifically designed, such as foundation levels,

nich must be recorded. -

1e dossier will be comprled by the supervisory team as an ongoing task and will record all
anges as they are made. inmally the record will be in the form of marked-up drawings, but -
en all changes are to hand, the drawmgs will be fully revised to reflect all the changes that
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have occurred. A set of the revised drawings (the ‘As Built' drawings) will be provided to GMB
for permanent reference

The dossier will also include operating handbooks and instructions for all items of plant and
equipment and any other relevant matters, '

Photographs will be made to show the progress of the works and sets will be provided to the
GMB as the work progresses. At the end of the construction a record set of the completed
works will be taken and these, together with all negatives, will be handed over to the GMB.
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CONCLUSIONS

- We have reviewed the data from traffic studies commissioned by the Gujarat Maritime Board
(GMB) and-examined in particular the potential for routes across the Gulf of Cambay. in
parallel with this we have assessed the costs of setting up the ferry service and used this

——

information to project user costs, user savings and hence demand. From these studies we
conclude that, given the appropriate tariff structures, there is a substantial demand for ferry

k)

services across the Gulf.

. We have considered individual routes within the scd'pé of the three ports forming part of this
study. ThIS review shows that, although the Gogha to Dahej route is the shortest, the traffic
potentlal is also the lowest because the route is easily duplicated by road and potential savings

are small. This low traffic potential, - -and low revenue  prospects, means that a serv:ce on thrs

arta an = s s b

route alone will not suppon the constructson cost of the terminafs

B

‘We have similarly considered the potential of a single route between Gogha and Suvali. This
has a much higher traffic potential as both terminals are near major centres of population and
the alternate road distance is much greater; revenue prospects are therefore correspondingly

higher. A \ ferry service on this route may be expected to recover its direct operating costs, and

generate sufficient surplus to cover some, though possibly not all, of the terminal construction

costs

s

In addition to the ferry services between the three ports of the study, we have considered long

distance services to Mumbai, and an additional terminal at Pipavav. Although the sea
distances are greater on these routes, the potential savings are greater because of the greater |

distances to the head of the. Gulf. If these long distance services are implemented, the
increased costs are significantly outweighed by the additional revenue, and such services have

the potential to cover all of the construction costs.

The revenue projections show that the terminal at Suvali is a significant revenue generator,
especially in the development 'stages, and this terminal is critical to any development.
However, the nature of the coast at Suvali requires that the terminal be built within a protected
harbour or breakwater. Wé doubt that the cost, which would be considerable, of constructing a
breakwater, could be supported out of 'reveh_ues and recommend that this terminal should
therefore be developed in conjunction with the LNG terminal at Hazira. |
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arat Maritime Board ' Ro-Ro Ferry Service in the Guif of Cambay

1.6 We have looked at the operation of the Cuétoms Act and_other relevant 1t legislation. It is clear
S
that ngorous ‘operation of ihe _provisions of the Customs Act would be a severe constraint on 2 /

Pt AL AR A

Operatmns where ship turnaround times are measured in hours rather than déyé%mrty,
Governmental controls on the fare structure would be a considerable restraint on the
commercial operation of the ferry company. We believe that these controls must be relaxed in
order to interest private sector operators in the project.'

1.7 There.is little experience of ferry operations on this scale in India, whilst operations in the‘Gulf
are some of W&fﬂcuhn_the World due to climate and sea conditions which can vary
rapidly and dangerously with little notice. We cons:d‘;rwt‘fwerefore that lt*:gwéésentla! to draw on
the experaence of international ferry operators, and governmental rules on cabotage may need

to be relaxed to allow this international involvement.

.8 Water . depths at Dahej are limited_but may be improved by dredging which could be

e

undertaken by other operators to obtain access to existing jetties. However, other larger
developments are being considered in the open sea off Dahej which will almost certainly have
an efféct on the regime and depths in the Narmada River. It is essential that the GMB should
preserve its positioh in this respect and ensure that adequate studies are carried out which will
minimise adverse effects on the potential ferry terminal site.

.9 We have made designs for the various parts of the terminals based on good practice and the
information available .at the ..présent time. However, there are occasions where information is
 limited and deSigns must ‘therefore be robust to take account of unknowns or possible
variations from the limited data available; in these cases it is likely that more economic designs
could be developed if more or better information were available. Although there would be cost
involved in the acquisition of additional information, it is likely that the savings arising from a
more specific design would considerably exceed the acquisition costs.
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