CCHAPTER3  FACILITY AND EQUIPMENT PLAN

3.1 Conventionat Berihs

@

QEQ

T he va 5 berth m the Quecn Elizabeth Quay is at least temporarily used as a container

benh unhl thc \iasler Plan is compleled but its container crane is retained there in

cxpcclahon of Icmlﬁorary needs for handling ‘heavy cargo or conlainers even after
complchon of the Maslcr Plan. F ive births in the Queen Elizabeth Quay are planned as

: general cargo. belths with Cargo handlmg capacity of 750 thousand freight tons

:ﬂlogelher

' 'Fne beflhs mcludmg Ihe norlh end berlh of the Bandaranaike Quay, are planned to be
_ used as general cafgo berihs Wllh cargo handling capacity of 650 thousand freight tons

: o altogdher

B
' Tv.o bEﬂhs of lhe coaster Benhs are planntd to be used as general cargo benhs with

cargo handlmg capacnty o!' IOO thousand £ renght tons altogether.

PYQ

Two b;rths in’ lhe Prince Vijaya Quay are planned as generalfbutk cargo beiths with

" argo handlmg capacity of 300 thousand freight tons altegher. Con:.ldermg thé

decreasmg tendency in fo-ods cargo, the widened North P;er can handle the subslant:al

' ‘_amoun! of foods Thus the Prince V:;aya Quay can be fransferred gradua‘ily foa quay
'for general cargo handlmg by making use of the existing transit sheds on it.

NP -

- Foods xutnnlly handled at the Prince Vijaya Quay are discharged directly to the

' lorsies.” This foods handling method 35 best suited for the Noith Pier aftes the
: (‘oniplc!ion of wideaing to $0 m to allow for lorries® U-turn. Two berths with the water

' dnplh of ~9m can be prepare ¢d in the North Pwr 400 thousand freight tons of foods

can be asssmned to lhm, mo benh':

NGP and SP , -
The \!brlh Guidé P:er and the Souih Pier are planned lo be transfesred to sh:p fepair

: berth&

".\lidiiféaiii Berths o 1
- Abolition of ‘cargo handling at the midstream berihs is strongly suggested to dasure the

safety of nawgahon mmde llu Port. Considering, however, that 400 to 500 vessels

- annually ¢all the Port e\dusmly for bunker, some of the midstream berths must be

retaindd excluding Ihe sea aréa (o be resu\ed as the waterway and the turing/moorning

E basm
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Above results are shown in Table-1V.3.1.

3-2 Containér Berths

As alveady staled in Part lll “Cargo Trafiic l‘orecas!", it is consuiered that the demang for
containers in the Port of Colombo will mcreas» to 1,144,000 tons (appro‘c 80 600 TFU} in 1933
aind fo 2 806000 tons (approx. 197,000 TEU) in- 1988, mcludmg (ranshippcd containérs, if
sufficient container hardling facilities and Equlpmenl are prowded SR N

it can be said that the conlainerization of sea lransporl in lls sesond slage \shcn, il i
in-progress in the developing countsies while itis neatly completed in the developed countrics. In
many poris of Asmn, Middte East and Afman countries, confainer berths capable o aceept full
wntamer ships have been consimclcd or are bung ptanned and the movemen( ot' containers
tolfrom these ports is qmckly mcreac.mg _ : :

Also in the Port of Colombo, the ammml ‘of q.ontamen. handled has rapidly increased i in
récent years with S, 381 containers handled in 1978 (Stahs!lcs by Ihc Sri Lanka Poris Authority)
though available port facilities and cqmpmenl for conlainers are !lmlted and lhe demand for
containers is increasing, The Sri Lanka Ports Aulhonty md!cales that (herc isa slrong demand for
containerization and some shlppmg Imes offer to ttanshlp contamers al the Port of (‘olombo

In order to cope with the confainer demand in thc Port of Co]ombo aid to catch up with
the progress of world conlainerization, the construction :md arrangément of COMamer berthsand
conlamer handlmg eqmpment capable {o accept full container ships are urgenliy r-.qumd

ln the circumstances, the construction and arrangeinent of lhree Lonlamer berlhs are
planned for 1988, as stated in the foregomg Chapter by Conslruclmg lhe KOrteboam Conlainer
Quay near the old Coahng Jelhes Since, lhe l\orieboam Quay corss!mc:uon “ ork ku!l iakc along
time and Ihenfore can hot” respond to thc presen! urgenl demands for contamenzahon a
container belth is also’ prouded at lhc Queen Flizabeth Quay No. 5 as the patl of the Urgent

- Plan, which’ ‘can bé feadied by the end of 198). The conversion of the Queen Flizabeth Quay
No. § from a container berth to a convenlional berth, subject to the pxogress of contamenzahm
and the demand for containers when the Korieboam Quay is constmclxd, shall be studled

S

3-2-1 Conltainer Terminal

A con!amer tenmnal is lhe Junchon pmnl béh\em (he mamn, and I:md Imnspoﬂ of
containers. 1t performs lhe slev edonng and storing of containcrs and the delneryhuenmg of
' contamen and container cargo, and its efficiency will gmern the overall cl‘ficlency of the
containef {ransporlation. An arrangemenl of facilities and eqmpmcnt for lhe cﬂ'eclne and quick
handling of large numbess o!‘ conlainers in ‘the tetmmal must . be carel'ully sludud and
- determined. After comndefmg the \ranous condlhons existing and 3nhupalcd m the Post of
Celombo, the s!raddlc carrier system is adop!ed as lhc oplnnum terminal conlamer handling
method (refer o the foltowing Paragmp}i “Selechon of the (‘onlame; l!andlmg Method™) and
la)oul of the comamer lemlmal is allusltatcd in Fig.-1V. 3.1 and Fig-1V.3.4..

(I) Qu cen E hzabelh Quay No. S (‘onlamerTermmal (l :g.-W 3 I) C
~As an emergency measuré to cope with the rapidly increasing conlainer dmmand the Queen
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Flizabeth Quaiy No&. 5 is émployed for a container terminal, but it is soniewhat narrow with a
berth tength of 300 meters and width of 118 meters. In order to obtain a maxinium container
Jot number (1he number of containers can be placed) by securing a farge container yeard in this
narrow site’ and. also to utitize effectively the' existing facilities, the north part. of the Queén
Fluabclh Quay No. 4 (rans:l shed i is ‘remodeled for a container terminal office (2nd story, 735
m?) and l‘or a mamtenancc shop for equipment and containers (1t story, 735 m?). In addition,
the Queen Fh?abelh Quay No.: 4 Iransﬂ shed is ul:hzed as a confainer freight station (CEFS) as
well as Irans;t shed for consenttonal cargo An afea (50 m wide) behind the Queen Elizabeth
Quay No.'1 to 4 t:ansnt sheds presently being used as an open storage yard for eago or as a pori
road, is lLS?I\Ld as a road and fre;ghl handlmg facility for a width of 30 meters from the transit
sheds bul the remammg w:dth of: 20 meters is allocated for an open storage yeard andfor
emply/loaded contamels stofage yard for the sudden increase of containers,

Due to. the narrow width of this términat and to its structural design lor the contamer crane
foundation (tefér to V33 Crane: [‘ oundation of Queen Elizabeth Quay No. 5), a narrow rail
span of 16 n is en’iployed for the container crane - which proudes a wide container yard but,
instead, suflluenl crane backréach shall be pmvided for the convenience in operation. Meantime,
since the mowab'e range of lhe Ccrane (lenglh of rail) is timited o 200 mi of the total berth length
of 3100 m (refer to V—3-3 Cmne FOLIndatlol\ of Queen Efizabeth Quay No. 4), only one crane is
provided. .

As lhe resalt, 840 s!ols can be utilized, by which it is assumed that about 50 000 TEU
(ma\imum) of contamers can be handled yearly in this container terminal.

* Remarks: The number of conlamer; handled at lhc contamer terminal will be influenced by
the various-factors such- as the mlena‘ls of confainer ships’ calts, the amount of coniainers
mdedhmioaded by each shlp, the durallon of conlamen stay in the terminal and so forth, and
it cannot be acmrald) forecasled llov.e\ er, H ¢an be assumed by the following formula:

Lxl!x\\'xK .

where, C: ’i“r\!ﬁmbet’df conlainers handied, TEU (maximum)/year
L:' Number of conlamcn. stored (slots), TEU
W Number ol‘slackmg layen ‘of containers (stacking height), 3 high stacking for
© straddle l.i!ll'ltl'
W Opetallonal marg,m 0.7to 0 $ for straddle carrier
K Total days 365 days (per year)
D: ‘Daysof conlamet s 'sfay in terminal
Therefote; if L = 840 slots, =73 la}ers W= 0. ’H and D = 14 days (maximum days of stay of
conventionil Largo af’ preanl) m case of llu Qum Wk hzabelh Quay No. §,

o 840 365
¥ 3 ;{40753( 65 & 492751[[][);&?

Thus, aboul ‘50 000 TEU (max ) can be handled yearly, but the actual number of containess
handled n'nghl be :_tround 40,000 TEUy¢at, in- oul bemg subject to the Ire quemy ‘of container
ships® atrivals, the number of containers loadedfuntoaded, ete. :
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S;nu, aboul 50,000 TP U(max )l}’ear of con!amers ¢an be hand!ed at the' Quccn l‘h?abqh
Quay No. §, the current mcreasmg conlamcr demand can be met until lhc Korteboam container
terminal is complpled However, as already sialed abowe the Qucen [t hzabclh Quiay No. § hasa
NArFOW width of 118 m; ils Lonlauur cran¢ can be movcd only for a discaiice’ of 200 m even
though the tofal length of berth is 300" m, and watei deplh of this bérth is parlly it 0 i, all of
which are not nuffiﬂenlly largé enough for the exlslmg contamer slups of the l!md gencralion”
(ship's length 250 to 290 m, full draf(: ll 0 to l’l' 0 m) ln acld:llon llus beril has 1o $pace for
fulure cxpansnon and ‘its aCCess road Ieadmg o the oulside of the pOrl !hrough \shwh a l3ege
quantity of ¢ontainers must ‘be transpoited is too 1018, which’ may cause lrafhc é()ngcshon
Therefore, while \-.ah:hmg the progress of containetization of the Po:l, movmg the contame;
facilities and equipment of the Queen Elizabeth Quay ‘\lo S to lhe Koneboam lermmal should
be studied for mtegratmg all container handlmg in the Koﬂéboam teriminal m future when this
terminal is comp!eted ‘Bécause of thls it is planned to- mmmuze ‘the. m\reslment for fixed
facifities and therefore” plugs for reefer con(amer:. and conlamer welght scale:. are not provided.
When the conlamer facilities and eqmpment are shlﬂed to the Kotl;boam lt‘lmmal the Queen

Elizabeth Quay No. 5 can be utshzed asa com‘entxonal bﬂrlh with 3n open sloragt area for Tong
" and heavy cargo such as s!cd and plants. P - ‘

(2) Korleboam Container Termmal (F ig-1V. 3 4) :

:The Basn: layout of the Korleboam cmltanwr termmal is shm\n in [‘lg vl\’3 4. Hm\uu
further feview on this ]ayout will be- requued based upon lhe ‘sesults and records of actual
opuahon of lhe Queen Lhzabclh Quay No. S and lhe Kor(eboam \'0. l tonlamer (ermm"l
which aré planned in the Utgént Plan. ' : :

The number of mntamers stored in the thrée beﬂhs is assumed to be about 4 900 ‘slolsin
toial “which makes it posmbte to handle about’ 290,000 TFU (a‘na\c )ot praclically ’230000 TEU
(80%) annually Thus éven though the contalner l‘ac;hlns and equlpment of the Quexn ¥ lizabelh
: Quay No. S are tiansferred fo the Koﬂeboam Quay and is u-sed as 2 conv enhonai berlh the three

berths of the Korteboam will be capab!e of handlmg all contamers expectcd for 1988 In addi-
tion, thréc berths alranged together assure the I']e:ubshly of conlamer cranes operahon {0
increase eflmency of the bertmng operahon for largé and smali conlamel sh:ps and lo reduce
~wailing hme for berthmg ot" con(amer sh:ps whtch Operauonal cost is wry hlgh compaud with
cony en!:onal ships, all of which are factor:. 10 altract mose container ships lo lhc POII

When this container terminal is fully operaled about 230 000 T[ U ol‘ conlamen annually
or about 3 200 000 tons of cargo (I4 tons per TEU meludmg emphcs) will be trampmhd
’ lhrough lhe Kmleboam Quay, ‘which will be more lhan One-half ol‘ al CaTRo. handled in lhe Post
of Coiombo (aecordmg to the fo:ecast for 1988 2 l95 000 lons I’or conunhonal gene ral cargo,
and 2 806 600 tons for contamer cargo) Accordlngly, poit adnnms!ral:on facshms mdudmg

.wsloms and quaranlmc are requmd around the fennmal lhe sm for lhcs» l‘aﬂhhcs is secured
dlear llu enlrance o!’ lhe termma! ‘

(3) COntamer qupment

On basr, llnal lhe shaddle cairn.r sys!em is cmploy;d lh» nqmrcd conlamcr cquuhncm and
their approxlmale gosts are shown in Tab!» v, 3 ‘2‘ Iti is m-:d!css to say Ihat the oplmmm type of

~ 181



eqmpmenl andlor the required number of equipment should be studied when the Master Plan is
carrded out.. - -

322 Se!célioﬁ af the Coitalnes Handiisig Method

Eqfi cnency of operaluon zmd quahl} of |he terminal scrvice are governed by the sélection of
" the contamcr handimg method and kmds and numbers of equnpment assembled at the container
terminal. L
Comamer handlmg melhods in gmeral use are dass:ﬁed by handling equnpment used such as
the chassas system slraddle carrier syslem and transfer crane syslem. In thé chassis system, each
contamér ss plaéed on a chassis and slond in the mntame; yard In the two other syslems,
,;onlamers afd sfacked in’ the conlamér yard in several layers, 3 Iayera maxinum usmg a straddle
caprier and nmma!ly 5 Iayeta w.th a lransfer crane, which enab?es the eflment use of land area.
'Ihere are scmc olhet stackmg eqmpment for containers such as forklift and side loader (side
forklift), but they are mOslly used as auxitiary equipment for terminal contamer handling.

‘ The ch3s5|s s:(slem fequires a lafge terminal land area, a large number of chassises and a lot _
of mmai lmeatmenl for them smce containers are stored in single layes. Thus, this method is
unsu:tab]e not cnly o ihe narrow Queen Ehzabeth Quay No. 3 termmal but also to the
Kon[eboam coMamer termmal ‘which is to be construcled by reclamation w:thm the rather
narow porl area. The ments and demenls of the slraddle carrief, ‘transfer crane and side loader
5)sten‘l for the Queen ]thabelh Quay No: 5, the first containet terminal in the Port of Colombo,

were sludted and Ihe remlls are shown in Tables-1V.3.3 and 1V.-3.4 and Figs1V.3.1, \’ 32
and l\' 3. 3. ; b : ;

Since the -:Onlamer lermmai in the Port of Colombo is offered I‘or the use b}' dlflerent usera,
a syslem ('apab!e 10 meet various demands of different users, that is, one which is ftexible will be
required. !n addmon, the Pori of Colombo is strateglcally located at an intenmediate point on the
man ocean roules counedmg the Far East to Turom, Middle Easl and Africa oF connecting
turope to Auslraha :md \‘ew Zea‘land $O lhal a hsgh service level must be maintained Lo entice
conlamer shlps takmg lhese toutes and tramhnpmenl cargo.

Consxdenng lhese \anous elements requued for the Port of Colombo and the results of
COMparison staled aboxe 1t is delermmcd to adOpl the sttaddle carrier s)slem that is w 1dely
being used at tonl.!mer te rmmals for multi-users _lhroughout the werld.

\OTI S Though the use of a s:dc Ioader is suggesled hy lhe Sni Lanka Poﬂs .-\ulhonl)* this is
rot recommended !'or the follomng reasons:

D Cost df' llie équi[irmént is hig‘h and the number of containers which can be handled is
' mlhct smalt (number of containers that can be stored in the terminal is small, and
_ Ienmnal area cannot be used effectively). S

@  The cycle time of a slandard opemhon of unloadmg a contalmr from a chassis,
g lmmporlmg and sla-.king itis'h.S to 2.0 minutes for the straddle carrier and 2.0 to 3. 0
:mmmes for: lhe side loadg r, which means’ that the side loader is slightly inferior in
operauonal efiickency. A fealure of the side loader is its funcuon of lransporting
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containers on imck as well as hﬂmg them, bul lhc fofmet is 1fot an important function
for a confainer handlmg maching in a lennmal A side loader system might be mo
effective where -.ontamers must be transfcrcd bch eeit two distant points such as
belween a container terminal within'a’ port and an [nland container depot, if both of
wh:ch ha\e no conlamer handlmg cqmpment (llowwcr ﬁs tolal weight is from 70t0
80 tons when fully loaded, 50 thal the skenglh ‘of road sm[ac» becomes cnlical inthe

countries wheré the road condmons are generally poor. )

@ Because of the ab(ne feasons, a snde loqder has nol been used as mam c‘ontalnu
- handling eqmpment m lermmals but ss used only as au\ullaty equipment at containes
depot of fnxght station of conlamer (crmmals :

3-3 Tanker Berth

3-31 General

At present, crude 6il and its producls are handled mainly on the North Pier. As there are
facnhhes such as the dock yard and the work ‘shop very ¢lose to North Pier, these has been fear
“fot the danget of an acc;denl In the medntime, Lo méet an mcreasmg demand for oit produm
the refinery is bemg expanded and this necessitates the incréased capahly of ¢rude 011 handting
facilities. Beanng these two pmnts in mmd the installation of a buoy berth outssde the Poil is

being considered. This Dafagf&ph describes the techmcal c0ns:der.1hon o!‘ future crude oil
handling facitities. : . : _

332 !mpott and Expor( Plan of Crude Ol ete. ;

The quantmes of crude oil and refined oil planned to be unpﬁt!ed and e\:po:led are as
shown in Table-1V.3.5, according to the plan of Ceylon Petroleum Co:poratlon -

If tankers are assumed to carry 10,000 tons of cmde oil and 30 000 tons 0!' rei" ned onl the
number of fankeérs required to transpmt the above cargo w:ll bg ‘18 lankers for ¢rude it plus 43
tankers for others totaling 121 lankers in I99D aboul double lhe prc‘s.enl number of lanker& It
crude 6il hand!mg is assumed to be - done énly on lhe \'orlh Pter, \uth '2 5 berlhmg days, the
beith occupancy will be 78 x '2 51365 = 0.64, which is rather high. lloue\er, if the North Guide

Pier is also used, lhe present facilities will aI!ow the hangdling of lhe above quanlmes
. The capacﬂy of the refinery is schedu)ed to be increased froni !he present 38 000 barrels!

day to 51,000 barcels/day b) Otlot)EI', 19?9 in hne w:th the abme plan to process 2,350,000
tons of crude ail.

333 Future Plans of Oil Handling Facifities -

(N Genera!

The preseat’ oil handhng facilities in- the Poit wm from lhe ‘consideration’ above, be
: congested ;r they handié’ the plannéd 2,350,000 tons of crude il and 900 000 tons of refined oil
in 1990. Furthermore, apart from the: cargo handling’ Capauly, the présenl facitities ad}accnt to
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the dock yard work shop, ctc shouid best be moved to a safer location. This will also provide a
spacé for the: e)(pansion of other Port functions, and therefore must be considered com-
p;ehenswely in-refation mlh other facitities. In addition, if large tankers can be accepled, an
ccononiic effect aécmmg from the reduction of transport cosi can be expected. '

() Short History =

With regard to the Iransl‘er of the oit handling facilities, \'FDPC()* .M)B.M l\g(jons ete.
have already camed oul siudlcs [hey all pointed out the danger of oil handlmg at the present
location, and proposed relmatmg the famhly Fig-IV.3.5 shous the layout of the oil berth
proposed by VFI)I’CO Accmdmg toit, a 550 m {ong breakwater is to be constructed from the
west end of Pnn(‘e Vljaya Quay (oward the norlh and a mooring basin with 10. 8 m water depth
secured behmd it, 1o accept a 40,000 DWT class tanker. While this plan provides satisfactory
functions ftom the view of safety, it has demerits such as i) the cons{ruchon cost is high due to
cons!mcllon of a nev. breakv.ate;, u) smce the benhmg roule runs l'rom rorth to south, ship
operation in the SW’ monsoon season is difficult (s:oppmg distance is not con“dered) iit)
shitering in the \i:, monsoon season is not good, iv) tanker size is small, without high economic
benefit expeded et-. “The problems 01‘ n) fo iv) can be solved by elongating the breakwater and
creatmg a mmnng basm of sumuent \\aler depth, but in this case, the construction cost rises,
and tntreasmg the deplh of the moonng basin may require the remo-;al of bed rock. However, the
existing ol - ‘handling facilities can be relocated collectively, and' the pipeline can be easily
extended.

Fig-1V.3.6 shows the berth proposed by ADB. Thisis to construct a buoy berth for 600{}0
DWT class tankers behmd the NYY break\\ ater. On selecting this ptan, an offshore buoy besth and .
a new oil hatbom En l' ront of lhe NW breakwater were examined as alternatives, but they were
not adopled m ucw of lhe \\orkmg efﬁuency maintenance work, high constrrction cost, etc.
This plan began to bé conslmcicd under ADB toan, but was suspe nded due fo technical problems

| m\olvmg Ihc submanne p;pdme dredging etc.

The I\iCO :mssaon slud:ed the geneml future plans of oil handlmg fanhhes and
recommended as of fshore buoy bcrlh in uombmahon with the usc of the Port of Trincomalee
With regard to lhe idea of conslrudmg an il berth in the Post, they pointed out the d:fncully of
ship ope(ahon rmk remmral a!ong the xhanml and moormg basin, smaller aceeplable tanker size,
ete.

Undur lhcse cmumslanc-.s lhls sludy takes up the offshore buoy berlh and the dolphin
tetth behind (he \\'i' bnak\\aler which are highly appropnale both technically and eéconomi-
cally, and c.‘arcfully compares them by considering the natural conditions, elc. aboul which data
were pewly analyhd this time.

3) Off&hon buoy Berth |
This plzm is to -tonstmn.l a bum berth for large laner:. for a drastic increase of cargo
h%ndhng uamﬂly Tiu slma.lun, \\orkmg eﬁmenq, construction ¢osl, ele. of the buoy berth

' Repou on Thé Opéaations and Development of the Port of Colombo and Cestain Outporls of Ceylon;
NEDECO, 1961

2 Appraisal of Colombo Port Tanker Baith Project in Ceylon: Asian Dkvelopment Bank, 1970
1+ Mission Reporl: United Nations, [nter-Goveramental Maritime (‘omuhalm Qrganization, 1927
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are etamined below.

With regard to the 't tanker sw_e, 100 OGO DWT class t;mkers arg selecled llere sinc; the

savings in lransport cost by latger tankers of more thaii 100,000 DWT ae not so great for this
Port, due ¢o the relatively short transport dsstana - : SPRTI.

| been most popu!arly used i is ]udged to be most appropnale

* Reporton Buoy Barthat ‘-!ulsu{}gmam I!a(bour

1) Location of (‘onslmction ‘

'lhe locahon of the buoy betth musi bp scperaled* by ﬂt Icast S X L(L shlp lengih)
for the critical minimum depth (h) Ime(h >, ’25 % fult dral‘l) or Ihe riearesl bréakwater for
safle berthing, unberthmg and Operanon of the !anker and emefgency dnftmg

The slandard size oftankers are shou,n in Table v 3 6 A o

The powb]e buoy locatzons cc)rrespondmg lo respeclne fanker sizes ol‘l ihe Porl can
be oblained as shown in Fsg IvV.3.7, by usmg thé abme factdrs The buoys wers focated L
apart fmm the oﬂshore <hoal (Kelam GaIa) and Ihe pipelme wis dt‘mg;iéd to bé mlmmum
in lengih The bitoy may be mstalled to the north or sottth of the (‘olOmbo Porl Lengths
of lhe pipetine for each buoy locatlon aré shown in Table—l\' 3.7,

f the ‘buoy is ms!a!led to the noith of the Porl the submanne pipelmc mll cross the
channel and the !englh will be about doublc to v.hal it \sould bé'in lhe somh The south
buoy berth involves the difiicult work of new lnstallahon of a pipelme b fand through an

' urban area (along the lake and the tad\say) bm is morc advantageéu; for lhe sh()rler total

!englh of the pipeline.

2) Buoy S
' Buoys presenlly used for oflshore benhs cain be classnf‘ ed mto lhc dlflerenl t)pes

not suslable for ms!allmg ofl the Port “here the predommant Wind dlrecllon (‘hanocs

seasonally, and thesefore the d:ﬂnult be:lhmg, l-’:avmg :ind opetatlcm of the lanker are
e‘:pected OI‘ the smgte poml types [)'pi’a b ¢ and d aré ﬁxed to lhe sea hottom by piles,
and are not proper “here the sea bed is locky. Thexefore for lhis po:i lype (a) which has

-

: '3) Pipelme

VWith the muease of tanker size and p:pehne lenglh, th capac;ty of the existing

'pxpe!me becontes insufficient, and must be nsed “The capacny of plpehne by tanker size is

examined be!ou

) Caléulati‘lon.of Pipeline Capacily

The pipeline capacity should be calculated such that the total of 'th'e static
pressure head due to height d:ﬂ’crence lhe head loss’ due to plpé fnéhon ‘eté. doesnot
cx-:eed the nornal pr;ssure of oit pipe.

| " The head Yoss due to friction of a s(razghl p:pc is gmn by thc l‘ollowmg equation
of Darcy Welsbach ' C

** Guides on Desngn of Port Faciliies: Porl and IIarW:s Buteau \lnrﬁs!iy 6f Trla_ns‘;)o:f:ill\l‘?,ﬁg\‘,-l,ﬁ)isl.
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o v?
e |
where hr: Head loss due to friction (m)
- Friction cocfficienl |
Length of the pipe (m) -
 Inidr diaméter of the pipe (m)
Mea velocity of oil (mfsec)
‘Aé'célé-raiidn' of gravily {m/sec?)

g € G D

i) Capamty of l‘xls!mg Pipeline

With repard to the exlslmg plpehne the poss:b;hty for increasing the capacity will
be examined below P

The dtmensmns of the ex;s{mg pipeline are as follows.

: lnner dlamcter 24
Lenglh S ‘42,653 feet

* Nonnal pressure . 150 psi
D‘is;cbé'rgjng'capacily 1,300 tonsfhour

"By the above equation, when k/d = 5 x 10-% (k roughness of pipe), oil
temperature is' 20°C and ‘specific gravity of crude oil is 0 = 0.855, then the total
: 'p'reésu'té P inside a pipe discharging 1,300 t/hr is '
'P— LVxXPe¥Py (P Frictionloss Pp: Static loss)
5.643.4= 90kg!cm

The nom\al pu:.sure ms:de a pipe is u:uail) laken al 10 to 15 kglem? and the
~ above \alne |s almost cnhcal Thererore an additional pipeline is requnred for dealing
; \-. nh an mcreased lonnage of crude oil.

' :_m} Addltlona! Capauty Required
‘ Assnmmg the cargo handling time to be 10 hour:. or less (see Table- l\Ir 3.8) and
‘*lhe normal pipe pressure 10 kg/em? or less, then the diameter of pipeline required
addlhonaliy, to meel the future increase of tanker size is as shown in Table-1V.3.9,
_ _lmludmg lhe pnp hm for the dolphm berth described later.
Thc buoy bg nh istobe constructed Tor large tankers in the open sea under severe
sea’ condslu)ns and i s used only for carde oil handling. Therefose, for <3fely 1¢3s0ns,
lhn. blmkenng 3nd te ﬁm‘d ml handling now done at the North Pier must be transferred.
In lhrs s(udy, lhcy are moyed to behind the Nort- West breakwaler.

iv) Buried Dupth of Pipeline
- The buried dcplh of the pipeline is d;letmmed by considering the force acting on
it when an anchor dropped T1b!e l\’ 3.10 shows the <l:mdard valug presenlly uced in

: hpan for \‘anous ship sizes.
Takmg a ship siz¢ of 100,000 DWT for the buoy berth and 65,000 DWT ship
aimed by the Colombo Dock: Yard Ltd. Tor the dolphin berth (and with an allowance
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of 0.6 m for future dredging), the buried depths required can be obtained as follows.

‘Buoy berth 2.14m
Dotphin berth | 90 +0. 6 2. Sm

4) Communication and Disaster Prey enhou Facilities and others ‘ :

It is mdlspensab!e to pmnde special fireboats. equlpped w:lh chcmn:ai cxtmgms}h;s
againsl a possible aceident. To prevent sp:eadmg of <p|!led oil, an Ol| boom of lhe length of
2zL. (L: ship lenglh) is required. Furthermore spliled nil mus! bc r-,mcwed by an oil
dnsposmg agent of Tecov ery boats, to pre\ ent séa pol!ullon o ;

Weather and sea conditions greally afl Iect berthing and unbenhmg and cargo handhng
Marine w ealher information must be given lo shnps through proper cfommumcatmn system.

S) Maintenance
The following mamtenances ate required, for !he buoy berlh ‘ .
(1) Rubber hoses: To be changed oncé a }ear and checked régularly. S
(2) - Oil pipes: To be checked oﬁce a year ata pressme of LS times the nornl
© pressure. - -

(3) - Buoy: To be checked Once a year and be m dork once e\ ery four or five )ea;&

- (4) " Anchor chams To bé checked half a year alter msla!lanon and Ihen once a year
(5) Moorsing ropes To be changed every four or snx ‘months. - _

‘For the above operations, an experienced diver team must be artangéd_.

6} Working l:filuency

As descnbed in the Chap!er on \*alutal (‘ond:tmns in Ihe SW mOnsoon season f rom June
to Seplember w e\terly waves ate predommant off lhe POrt The \\orklng elT cnency ‘of the
buoy berth is greally affected by sea cond:llon& The cr:hcal wa\e he:ghl and mnd \eloaly
for ope:ahons at a berlh are as shm\'n in Table-IV.3. ll auordmg to Ihe slandard‘ used in
Japan. : o

“From Table 1.3, 7 of the Chapter on’ \‘alural Condmons lhe frequenmes of the

 ocourrence o!‘ 1.2 m or higher waves (cnhcal wa'.e helg‘ht) by month are shown in
Table-1V.3.12. ' .

‘ \‘ihole cargo handlmg operatnon can be completed in lhtee successne ca!m days of

_\sa\es 1.2 m or lower, anid workable days are as shown i in Tablev. 3 13 Aaordmg to the

table, in the SW nionsoon season, approumalely On!y half of a monlh is \sérkable and this

will poss:bly hamp—er a smooth supply of crude od Therefore, !0 c0pe with this, spate

storage tanks becomes necessary. The \\mkabk days are '234char and gwen ) bérthmg days

a tarker, the berth’ occupancy is 3 x 23, 5}234 030 giving ‘a’ consldt mbh ‘allowanee
against the critical value of about 60’%

(4) Dolphm Betlh '

This plan is’ ld hansfer the oil handlmg facalmes mcludmg the bunkcnng I‘acalmo.
colleclnely to' the area behmd the \'orlh-\'.’est breakwate: Compared v.llh lhe buoy bcﬂh, *hf
%, Seabuthsand Submarme pipelines; Tsuruta, Ueda and ‘\:akayama 1975 o T
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scceplable Iankcr size is-smaller, but it has advantagus of h:gher working efficiency and lower
consimchon cost : ‘ o _

INCO, :‘msslon Domtcd ot various technical difficulties on the plan of constructing an oil
beith msuie the Port, including danger in manouvering farge tankers, bed rock removal which
may be encwnterud in drcdgmg, poliution, the p0551ble dangu of a fire accident.

In conclusion, "“’r)' propose construchng an offshore buoy bekth for ¢rude oil handling; and
to use the extsting facilities for handling crude oil and rel“ned oil at the same location as present.

As for the po:n{s mentioned above, in this study, safely of ship operation is secured by
widening and dPepenmg the channel and the mooring basin (see the Paragraph of Approach Chan-
nel), and the existing facilities are concentrated, including those of refined oil and bunkering,
consulenng the dang.,t il‘l the present location. With regard o rock removal, there ace no detailed
data avaitable ‘at pn,sem and' final Jlldgemenl should be made based on the results of future
Supvey. o

The polluhon and dnsasler prevenhon measuses are recommended based on the standard
used in Japan el

: a) l_ocahoﬁ Of Beﬂh : :

The dolphm bérth is a facility for handling large quantities of crude oil and its
products, therefore the location should be detenmined through consideration of the traffic
volume of ships, the shi]:i sizes and the condition of the anchoiage in the adjace’n't waler
aress. The water area behind the North-West breakwater is separated apart from both the
channel ail_d heé luraing basin and judged to be the oplimum tocation for the berth.

- Flsthénore, it is necessary that ships in the vicinity can take sheller when an aceident
ansee and a mooréd Ianker musl be separaled from the necarest channel by about 1L, least it
shoutd be affeCted by ‘the waves and drag force due to navigation nearby. The safefy

 distances! I'rom other: porl facilities are determined by considering the danger cireles of
|gmhon and pmsonmg, for the area behind the NW bieakwaler, the safety distances from
other facnhhes are snflmently secured. The area behind the North-West breakwater is
fav orably calm and the waves dll‘l raclmg from the head of breakwater pmpagate aleng ifs

- rear side i m (he bou—slem dlreclmn of the fanker, without any serious rollling and pitching
' of the tanker

' ‘b) Slmclmal Type
- Siice’ lhe area behind the Norih- \\'es! breakwater is shallow and may be rocky, a pile
type do!phm berth is not suitable, and a fixed lype dolphin is taken up.
The slmclura! lypes nm'. tmd for a fixed-type berth are as follows:

o [idli)liis‘\' t)pc _ Pile type
: P Jacket type
~ Cell type (Steel sheet pile)
S _ _ Caisson type
o Piled pier type
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At present, behind 1he \W breakwater, a concrele c»l!ular lypé dolphm constmcled by

the ADB project is left uuomp!etc The detailed condition of this structure are unknown,
~and must be investigated before’ the execution of the fulure’ plan, A section ‘of the
North-West breakwater is shown in l*lg AV.3.9, I this sludy. a'caisson Iypc dolphm berth s

to be constructed. S ' S :

Standard arrangement of dolphms is shown in [‘lg JV. 3 10, Tlli:re mist be breasting
dolphitis 6n both side of a workmg platform. P :

The woiking platform must bé ms!alled backwards from the I'rom face-line of the
breasting dolphins, to avoid collision with the tanker. Por moormg, bollards should ba faid
out on the crown of the North-West breakwaler. e = = .
' The size ‘of caisson for the breasting dolphins is abont 10 X 10 x° l? m, when the
reaction force on a mbber fender is la’ken at 400 tois. Bf the interval of the breasting
dolphins is taken at 80 m, the structure can be used also for smaller tankers of 5 000 DWT
class. Tankess of less lhan 5,000 DWT can be directly berthed behind the breakw ater (water
depth at the rubble mouni 7.6 m). fn the Poit, more than 1,000 ships pet year are sup-

plied with oil, by anchoring at the midstream besths. If these ships are supphed \uth oil

from the above dolphir berth and the bunkenng facnmles most of the mtdslream buo)s ¢an
be renoved.

" Based on the above, the arrangement _of db’!p_hins is shc‘n'vn in Fig.-lV.Il 1.

¢) Pipeline - : : o g ;
\Iany p:pelmes are Iaid on the South Pier and South Jetly for refinéd oil handlmg and
-bunkermg, in addition to that for ¢rude oil. These facilitiés should be teansfereed togelher

with the crude oil handling facilities, form the abose-mcntnoned safely considésations and
effective use of land within the timited port area.

The pipelines installed on the respedwe picis are as I‘ollov.s

South Pier L )

7 _\‘- hite OJI 10~
Water ' 10
Fuel Oll 10"

re . . i'q:a
Gas Oil - 10
Fuel Oil . 123447
© Marine Diesel Water 8"
‘Gas Ol o | 8"

Nosih Piet

Crude Qil _ I o

‘FuelOit : - 14

GasOil e

~ Naphtha S ‘ 123/4" . :
Fuel Oit ‘ BT -
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Water . . 10"
White Oil _ | 10"

When facﬂmes related to the handlmg of crude and other oils are collectwely refocated,
the following pipes ase necessary to be laid to the planncd berth.

~"Crude Ol . 524"
Né_phlﬁa o 14"
Petrol ~ | 10"

< FuelOi8 0 | ‘ 10"

. _Kerosene . . 10"

Five Main | g

1Wale’r_ T ' _ . 6"

For 011 handlmg, metal arms {loading asms) is recommended instead of the rubber -
‘ hoses presenlly used for hlgher working efficicncy and safely.

: d) Tugboats
Betthmg and unbetlhmg must be 3‘S-Shltd by tugboats. The required hose-power is
uslrally 6 to 1% of [)WT of Shlp conqdered Tables-1V.3.14 and -1V.3.15 show the required
lhmst and number of tugboats
\Vhen currenl congest:on in the Pori is considered, 2 tugboats of about 3, 000 HP are
_ requued for ufely “These is one 2,500 Hp fugboal available at present, and so one more
' 3,000 HP [ugbOal must be pun.hased to meet the above requirement. For finding the
benhmg velo-:lly of tanker, the: breashng dolphins should be equiped with a berthing
'\elocnly mdwa(or, and the information should be given {o ship operators, to secure the
stab;hty of the dolpbms and (o avoid the damage on a ship’s hult.
' \{oonng facitities should be provided with a power winder for pulling the mooring

ropes, and the use of quick release t}pe hooks is recommiended for quicker emergency
unberthmg

¢} Dr\dgmg, Ralsmg of Breakwater,

The chaﬁnels and the moormg basin should be dredged sespectively to S1.5 feet and 46
feel, to- accepi 60, 000 DWT ass lankers, as described in the Paragraph on Approach
(‘hannel l*mthemlore, lo seéure the safety of éargo handling the breakwater should be -

' faised, Iogelher with wave absorber put in front, to prevent wave overtoppirg. The armour
blocks in front of the bnal.\\ater reduces the waves rellected from it and is 16 improve the
' ciamness a]ong the channel A seclion of a planned breakwater is shown in Fig-1IV.3.12.

Disaster } pm &ntion facilitics, ‘ete. dre required to be atmost the aamx as those of the buoy
berth, Mal_ntenancc work is easy ('ompa_n.d with the buoy berth and the number of
unworkable days per yearis 10 or less to give a sufficient efiiciency of crude oil handling.



3-3-4 Conclusion

When the ¢rude oil handling fauhllc:. are’ transfcmd lanker:- of !arger size w:ll bring
cconomic benef t. For sal'els, both of the above plans are _uldg:.d to have a!mosl equal fumhom
here they are compared in view of the econonie bem ﬁt '

(1) Benefit : :

The relanonshlp between lanker s:ze and lransporlahon cost is ﬁhmm in Flg IV.3.13. Ihe
saiting distance b{-h\een Colombo and’ Ras Tanura is 4, 300 mlles. and thé annual saving of
transport cost due to the incréase of lanker size are as shown in Table-IV.3.6."

In this Port with relatively short transpor lation dlslauce the hneﬁis bfoughl from tankess
up to 100,000 D\S’T class are consuderable but from Iarge tarikers of more than 150, 000 DWT i
is not large. SO

Ho“e\er sincé lhc bu{))' berth for 100,000 DWT class’ iankérs m\’ohes Ihe prob!em of
\\axtmg due to m-:loment weather as menhoned before, the aboxermenhoned “reduction of
teansport cost is dec feased The average number of s\allmg days due h) rough “ eather is aboul ;

day/tanker, and this incréases the lransporhOn cosl 01‘ a 100 000 DWI‘ lanker by about 5%
decrease the sivnual ‘:avmg to $S 510 x 103,

(2) Cons(mct:on cosl , : .
o The mnstruchon cosls of lhe buoy balh (100000 DWT tanker) and lhe dolphm berih
(60,000 D\‘c’T 1anker) age esllmaled as shov.n in Table—l\’ 3. l’i mdudmg relaled facnhueﬁ.
Choice of lanker size: _ .

The dehb‘.rat:on made up to the prev:ous paragraph \xas for 60 000 DWT tankers which are
e\peq,led bnng fhe maxmmm eﬂect by cbnslructmg (he dolphin berth it lhe ianker size is
decreased to less than 60000 DWT then the eéonOnuc benelil decreases but the initial

investmenl requ;red for construction a[so decreas-_Sgreaiiy At presenl some of the so:l data, elv

reqmred for calCulahdn of -:onslmdlon cost are not a\allab!e and do not allow accurah‘
€COnontic companson by difference ol' tanker snze The cosl mmpanscm can ‘be made
approxia m!ely, as follows: :

Facitities for 40000 D\Vl“ tankers does not m\ol\e a constmcl:on of addmonal pipetine
or much dredgmg work (channel depth 4? 5’ moormg basin deplh 427, thesefore lhe initizl
investment is the smallest. f‘urlhermore very fittle \ndenmg work of lhe apptoaeh channel is
: reqmred (breadlh of tanker 27. 3 m for 30,000 DWT, 299 m for 40000 DWT) Th:s scheme
'imlk be able to be efl‘ectnely set 0ul also asa frst step of lhe \\ho!e plan amung al 60 000 :

| D\\'T iankcrs For 50,0060 DWT and 60, 000 D\\Vl" tankcu, thn de\ elopmml plan should be mak
only after survey resulls on lhe bed soil are obtamed

‘(3) Com panson

“ Based on Ihe ab(ne, lhe buoy borth mll be compared mlh lhc dolphm be;lh I‘rom mno-n
: vzewpomts : : ‘ : ;

Y I:cono:my S
The buoy berth can accept Iargt, lankcrs, with hrgc econonm benel'it by smie ment
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On the other hand,. ;t :iﬁ'i'olvcs large initiat investment and high maintenance cost.

‘b) Workmg I’fﬁuency

In the case of the buoy’ besth, opcratmns are difficult dug 1o waves, espcc;aliy in'the
SW monsoon ‘$eason, hampesing the smooth supply of crude oil.

,c) Safcty C .
Tlle buoy bcrlh is lcn:aled ouiSlde of lhe harbour and is highly safe against an accident,

etc but in view of lhe dlfﬁcull working conditions, the dolphin berth will be sdfer agamst
~oil leakage S

) Matchmg w:th olher Fanlmes :

. For & reﬁnery ‘capacily of 8,100 tOnslday, the s.upply of crude oxl by 100,000 DWT
tankers is (alhe.r targe. And evenif ,the,_buoy berth is constructed, there remain the problems
(")f‘ réiﬁéd Oi! hhndling'aﬁd bunk‘ering operations from the Safely viewpoint in the Porl.
Therefore the dolphm benh is prefetable since the oil handling facilities can be integrated.

L e) Mamtenance

CThe buoy berlh requires frequent checks of the rubb{'r hoses makmg mainienance
: (roubleso;ne

N Ef l‘eclne Uhhzatmn of \‘.’a’ler Area

 The’ dolp‘hm berth oc-:uples a wide \-.ater area for maneuvering and carzo handling of
: lhe !anker an_d_ reqmres dr_edg_mg, being inferior to the buoy berth.

- "‘g) Ease on lhe E\ceulllon

The construchon of the buoy berth in the open sea is difficult, but does nof involve

: any pmbiem in the I\F, monsoon s:ason The msiallauon of the submarine pipeline is not
te-.hmcal!y dnﬂ" cult

Th:e' ab;i_m—*% is si'ammarized in Table_-l\’.fl. 19

Thug an’ oy erall exammallo:l was madé using the data available at present. Due to lack of

d!la tondérning nateral u.ondmom ES[W.‘U‘%")’ soil conditions, a further detailed survey must be
-made béfore decldmg on afi na! plén i this study, the dolphin berth is judged to be highly
sunlable both fechnically and ecbno;mcal[y For the overall development of the Port of Colombo,

the oil handlmg l'anhues shon!d be quickly transfetred and therefore ihe detailed study must be
done' at llu earhesl opporfumly P ‘

34 'ﬁiidé‘-;ib'r,t El_j{oa'fa;g” v

341 Genéral

A insidé- port mad must bc faid out adequately to ensure f\afe and effective transpo:l and

atignment with a peiiphefal road netw ork.



“The Porl of Colombo is surrounded by’ the densely poputatcd urban area. Particularly in the
Pettah and Fost sections whnch are the center of the city, where a toad nelwork ofhea\y traftic
volume is developed. The Port of Colombo handles about 90 pcrt.cnt ol' the total éxport ang
import cargo of the country, and lhe relatcd cargo Iransporl is as much as about 20 percent of
the cargo lransport in the cily. 90%of Port Cargo are dependent on road transporiatlon, with the
cemainder moving by rail. The number of fnicks in the city occupies an average of 9 percent

: (mamn‘mm about S0 penem) of lhe totai number of \ehlclcs Thus, the [‘ort cargo transport

5 efleds the wrban traffic consndemb!y, while the trafi‘c capac;ty of lhe My s not endugh to cope
wilh 'the increasing populatmn and a cons:derable congesllon is cause‘d by’ fnadequate road
control and insuflicient road Capauty and parkmg space _ :

In order to reheve the cunent lrafllc congestlon in lhe ﬂty and lo cope \th the increasing
fraffic volunie in the future, lha Urban De\elopment Authonly* is sludymg a dtasllc road
net\s ork redevelopmenl plan ‘

“According ‘to the’ plan ‘the ad\emt effect on urban lral‘ﬁc \'.hu:h is caused by the
lransportahon of porl cargo will be reduced by Iransfenmg the \\arehouses present!y ;spotted

" over the ¢ily to the Warchouse Coniplex in the nérthneslem part (along Kelam Ganga) of the
cily. Further, as the north- south traffic passes thmugh the Foit and Pel!arh secltons a frunk line
through the suburban area is proposed to delour these congested sections.

In this report, the inside-post’ rogd is planned, assuriing the road is constricted along the
railway from the ¢astemn side of the dry dock as proposed by UDA.

342 Inside-Port Road Plan

Transpoit of cargoes generaled from within ihé Port of Céidnilib is‘dépend’eht largely on
roads. There may be developed means of transport by railway or canal in the future, buf the
importance of road transport will scarece!y be aﬂ‘ected by lhem .

At present, the roads in the pOl’l are c0n51derably congested on account of inadequate
control and msuﬂment capaaly, and thus will be unable to cope with mcreasmg trafl:c volume
and greates size of vehicles dealing with container IranSpomon in the future. Thenfore an
adequate redev elopment should be planned. o

On the sesvice area of the Pori of Colombo s s:mllarliy congeshd (hereforu the
mside-port roads should be connected to the road neiwork in the eaviron, COnSIdenng the future
traffic condition. Here, the foture quepo:t traffic \olume witl be forecasled l‘rom the Port
£argo \o!ume to delemnne an adequale scale and Iayoui of inside- -porl roads

( 3] f‘orecas! ofTraf f‘ ic Vo!ume* * R

) In Japan, a trafl:c voluine genetated in a porl is I‘orecasled by a cargo \olume usmg me
formula gn.en betow. The luture lral‘ﬁ\, volunie in the Port of Colombo is assmned lo be of 2
similar pattera as that in Sapan and will be cstimated usmg the same formula.

Hourly traffic volume = Annual cargo volume {freight loniycat) x e % Blli X 7}'30 X (l +
6)]6 Xo

* . Colombdo Usban Area Dewlopmenl Plan: Utban Davelopment Aulhonly a '

s& Port Fauh(y Design Manual: Bureau of Port and Harbour, Ministry of Transpost, JAPAN _
#2% Report on Forécast Procedure of Péit Traftic Volume: Planning Division, Bureau 6f Potl and Harbour, and
Planning Dms:on First Port Construction Bureau, Ministry of Transpori, JAPAN; March 1939,
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where Automoblile shar¢ = Autoinobite transport/Whote transport;

«
W Actual truck loading (tonftiuck);
B \lonlh‘ly vanatlon Peak monihly cargo volume/Mean monthly ‘cargo volume;
Ty Dally vanahon = Peak daily cargo volume/Mean daily cargo volume;
&1, Re!ated \ehtclc rale = Number of related vehiclesfNumber of lrucks
€ .oaded truck rate Number ofloaded Irucks!\'umber oftrucks and
o I{ou rly waﬂahon Peak hourly tral’ﬁc volume/Daily traffic volume

For the above coefficients, the following values are standardly used in .lapan at present.

i;j';flo's”'ﬂ_tl? 7—[5 b= 05 ¢=0.5; and o =0.12.

For a, The. ifahipérl' by barge and railway of about 3 percent is neglected, and value of 1.0
is ianken For the related \ehlde raic it ns assumed thal one half of is pasies through the existing
gates. Then, from the formu!a '

Hourly traffic volume = 1.5 X 10~ * x Anhual cargo volume.

The forcasled cargo and lra[ fic \olumes are gn'cn in Table-1V. 3 20

o) Road \\‘ldlh
Similarly, aCcordmg to the standard used in Japan, the road width of 2 lanes is enough when
the traffic volume i is of a value Iess than those listed in Table-1V.3.21.

Accordingly, as shown in bag.-l_\'.lld the width of the inside-porl road will have to be 2
Iines un__tifl IE9'83 _'a}id 4 lanes l_her'eéf ter.

) La)oul ol'lnsidvi’oﬁ Road (Flg 1V.3.15)

Upon the l‘oregomg exammahon the fayout of the iaside-port road is planned and shown in
Fig. 1V.3. 35

: I) Access Road _
The port is to be -.onneded fo lhe outs:dg area by a newly constructed road running
~ from Ihe cenlral pait of Kortcboam Container Quay along the railway, under the Atuima-
walle Road through the marshland and to Wales Avenue and then to Victoria Bridge. Asan
allematne the road along ihe soulh side of the dry dock may be taken instead of the new
road along lhe rmlwa)" Bul, !iu layoul shown in Fig. 1V.3.15 is considered to be more
adequate in. (l) it'is “diffecult lo widen the road 1eading to Poinl G because of the dock
facal:tus and its works. Ihere {n) it is extremely difficult to secure the reqmred road width
at or aboul Pélnt G and (m) it is relalnely easy (o secure the land along the ra:l“ay The
planned jocess road mcludes tunnel crossings m!h the Gm\mg Road and Alutmawalte Road
andisof a \\1dlh of 4 lanes.

2) Queen Hnabeih Quay Section
The existing m:}d on Lhe Quden Elizabeth Quay has a sufficient width but is not vsed
l"operly due 10 cargo and vontainer yard operations being uncoordinated. In the future, the
| road in this section will be 15 m wide along the parapel on the westemn side, and rua fo the
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Nor'ih Wési Cale.

3) ‘\'orth we sl Gate - Kortcboam Quay - : :
This 'section is not of sufficient width nor adequa(e alignmént with' su.ual s!mrp bends,
so that stibstantial |mprmement is reqlured 11 will be widened td 20t in the Tuture (at the
stage of Master Plan). But, l'or the Uigen[ Plan only 2-tanc witl be paved’ and ‘the bends 1
Point B will be_ stralghtened, by rem;ovalng the existing facilities. -
" 4) Korteboam Quay Pnnce \'uaya Quay o
The road in this sechon is 10 m wide at present, and isof sufllcnnt capac‘lty even fof
future traffic volume, so it will not be widened but comieded to lhu_acnss rdad at Point G.
- The existing road shall be marked clearly, and some Obs:ole'té portions will be tepaired for
effective and safe hansporlahon Standard ¢ross-sections of the lmlde-porl Ioad are shown
in Fig. IV.3.16 and the construction cost in Tabh, I\’ 3.22. .

3-5 Approach Chajn'ﬁe-l and "l‘u;‘ning;;' Bﬁ'sin:

“The approach channel for a tanker of 60,000 DWT cl'ass'!a:nker, which is anticipated to be
the largest to call on this Port must pemnt safc and smooth nav igahon The exlslmg and planned
channe!s and the turning basin are shown in Fig. | 317

3-5-1 Channel Alignment

1t is desirable to separatu, an approach channel for tanker from a channel and mooring basia
for other kinds of ships for safely But in this port, safe navsgahon could be Sﬁ.’CUl’td b}' restricting
lhe sailmg of other shlps when a tanker enlers or deparls the Port And by remmmg as many
mldstream buoys as poss;b!e o T

A pilot is compulso:y, and embarks on a lanker al about I 5 km off the po:t emrance Alter
passing the end of the Sough West breakwater, a lanker is to be ass:sted by tugboats. The
entrance is about 150 m wide, and four hghl beacons are installed al the h(&s of Sough-West and
North-West breakwiters. The nav:gatmn in lhis channel seems ‘difficult (o some’ extent for a
30,000 ton c!ass tanker, the Iargesl s?up now entenng lhe port; w hich nivst be suppor{ed by the
'p;lol tugboals ‘ete. For 60,000-ton lankera, the presen! channel \wdlh and sloppmg dislancc are

msul'l“cuen! In Flg lV 3 l7 (b) it shown a p!anned thannel

The approach channel is dcs;gued alinost as same s the pres{-nt one bul is widéned to 200
m (about 5,88) oves the entire length by i réemoying aboul 75 m fromi the hp “of lhc North-West
breakwaler. While the Sough Wesr bréakw ater is ex tended by 150 m, to Sétu re snff'creni stoppinz
dus(ance and a suffi mﬂnl degree of éalmness at the enhancg and milde ihe porl

3-5-2 Cham‘lel Width

A channel mdth lsdetermmed bya hafllcxolumc of ships, mﬁds wavés, ete. l’or this port.
_ the Irafnc volume’ is felatively smali and iwo entrance channels are ptov:dcd and thegefore the
“channel will be* decqgncd for one lane. Factors de(enmmng the Lhannel dimensions are shown in
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Tablcllv.fi.?:}:.

Ship posmonmg The posmomng accuracy by a smglc bcacon is about 0.02D (..

distance between a ship and a beacon) at right angle to a channel. When a transit
b{’.‘GLOﬂ is prowdcd it ‘is improved to 00141) Therefore, in this porl where the

' __wxdemng of thc channel ad\crxeiy affects Ihe calmness inside, it is desirable to install
- proper bE’lCOI]S and channe! buoys.

Yawing .. Dwmhon of a shnp from a largel course due o unequal water pressures actmg on

a sh:p s hull unskilled steering, etc.

D_eviati'on due'to wind a’nd current ... Widtk allowance required for correcting a ship under

Iateral fotu, of “md "current, etc. Thus, if the largest of ships callmg this port is a

- 60, 000 DWT tanker a ruqulred channel width Wis

‘."‘SSB 58)(340— l9?2m

| :\l pres-ent the width of the main channel is about 150m between the ends of the
foundation mounds of both breakwaters, and this corresponds to the width required for a 30,000
DWT class lanket To secure the above-mentioned width, the preseat channel niust be widened
by about ‘-Om l‘mthermon, it is de:.ar.mle lhat the tip of the oldér Queen l:hzabeth Breaku. ater
at which lhe pllot station is built be remos ed to secure and smooth navigation.

353 \saté‘é'ﬁépih 6’r"ch:in‘nel and Mooring Basin
The channel depth should be dele;mmcd by considening a loaded deaft of the fargest ship to
call the port, tidal level, squat, pitching & rolling, empirical factors, etc.

b}

2)

3)

»

Loaded draft
If Ihe argést ship considercd is a 60,000 DWT tanker, the loaded draft is 13.0m.

Squat

A relatlon belween ‘ship speed and squat are shown in Fig. 1V, 3. 18. There are no data
"for a 60,000-ton class lanker, but sirice there is not much difference in squat by ship

sn.e 0.3m can be obtained, with h! = 1110 1.2 a0d V=60 knols.

Pnlchmg& Rolling

As there s no esiabhshcd nulhod for gahulalmg Imn tmkag‘ due to waves, 23 of
wave height |s adOpted for a medium size ship, and 1/2 for a farge ship. At present, the
wave he:ghl of S'feet is adopted as the limit for embarking of the pilot, and based on

: _ lhIS the smLagg due to waves is derived as 4 feet, for a targe ship.

| menma! Factors

An allowance is usually taken as 2 (o 4 feel, when the sea boltom is qnd) a qnaihr
value is adopted. As a channel suvey show it to be rocky at some portions, so here 4
feot is adopted.
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51.5 feel is obtained as the requiréd chaimel depil_; by adding !hé above values. As for
the water depth of the mooring basin, 1 foot is added to the presently adoptcd keq)
clearance of 2 feet, consudenng the increase ol ship s:?c. lo gne 46 l‘ect as the totat
deplh :

3 54 Stoppmg Dnslancc :md ’l‘urmng Basm : ‘

The distance from the point where a ship reaches the drea shclh.n.d by a btcakwalcr, éte. to
j the point where it s(ops is about 4L whesn appxoachmg at 6 knots, usually 1 L {5 added to if,
giving SL. The (ummg basin shall be a ca_tcle mlh a dlanule_r of 2L wheén (ugs are used.

3.5-5 Required Volume ofSpoﬂ fo be dredgr.d

The volunie of spoil to be dndgéd for the abme mcnhoned moormg basm is lssted in the
Table 1V. 3.24. ' : ‘

The dredgmg work pombly m\olses mck removal “the e\lenl ol‘ whlch cannot be
calculated, due to lack of data. The bed rock ele\ahon ms:de and ouis.:de lhe Port must be
suneyed in delall The finat layoul of lhe channel should be made based on ihe results ol‘ the
sugvey and on economu com:decahom

36 Summary of Pacaht) {l:qu:pmenl in lhe Masle: Plan
The summary of fac:hty and equlpment i the \ias{er Plan are shown in Tab!e \'2 3 25,

Tabte-1V.3.26 shows the sun"-mary of dry cargo berths including cqn'légi;igr berths.
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“Table - IV.3.1 List of Conventional Berihs, Master Plan

ol 1 uiin‘M(‘('i’:t” L -
sxys.Piess cngthin Meters(Feed) Depth in Max. Cargo
Qoayss 5 o = Metess Vessel ——
&Baths  * 1 Warerfront Berth (Feet) (DWT) Kind Capacity
R L o : (F. tons)
_—,___;F . H " N : v

QrQ - 1,150 (3,773} | 1,080 (3,543)

21 : o 210( 689) | 11.0(36.1) | 20000%" | General Cargo | 150,000
43 210 ( 689) | 11.0(36.1) | 20,000 do “do
53 210 ( 689) | 11.0(36.1) | 20,000 do do
#4 210 € 689) | 11.0(36.1) | 20,000 do do
#$ 240 ( 787) | 11.0036.1) | 30,000 do do
BO 910 (3084) | 805 (2.641) |
#1 (West) o 165 (- 341} { 9.0(29.5) | 10,000 Generai Cargo | 150,000
E2(West) 165 ( 541) | 9.0(29.5) { 10,000 do do
#3 (North} 105 ( 349) | 606 (1979 | 3,000 do - 50,000
4 (Fast) 185 ( 607) | 106(32.8) | 15,000 do 150,000
43 (Fast) 185 { 607) | 160(328) | 15000 do do
B 2000 656) | | 140 ( 459) |

#1 : 70¢ 230 | so@e4) | 100 General Cargo 50,000
#2 70 ( 230) | S0{16.4) | 1,000 do do
VO 310 1214) | 330 (1,083) |

#t . 163 (. 541) | 2.0(29.5) | 10,000 General/Bulk 150,000

Cargo

£2 165 { 543) | 9.0(29:5) | 10,000 do do
Notth Quay 370 (1,214) | | 330 (1,083)

£1 ' R 165 ( 541) | 9.0(29.5) | 10,000 Bulk Cargo 200,000
22 165 ¢ 541) | 92.0(29.5) | 10,000 do do
5@{:[}0&1‘:\ 2,025 (6641) | 900 (2953)

53y . : :

1 - 300 ( 984) | 12.0(39.4) | Full Coritainer | 1,000,000

{Container) ; . o Containes

. o . Vesse}

22{ do } . 300 ( 984) | 1200399 do do do
21( do ) 300 ( 984 | 120(39.9) do do - do
Comventionad | 0 |
Tols) ' 3575(11,7129) 1 | 2,870( 9.116) 2,200,000

Container SR _ _
Total 22,0050 6841) | 900( 2,953) 3,000,000
Grand Toial | 5,600(18,313) | 3.770(12,369) £,200,000
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Table - . 3. 2 Conlainer Equipnent and Cosl leim:ucs for Master, Pl:m

amu 81,000 Usp,
DU

. CQEQ | B _Ro_:iﬁtf_api o '{‘ptal_
Equipment 'Qu;n{itj' | Cost . Q_u;'mil'y' ' (‘ps_i _Q_uaniity Cost ]
Contafier Crane 1 sar} 6 oy oisae | 7 | oang
Straddle Carler 3 960 22 | (7040} 28 8000
" Yaid-use Tractor . 2 s s 3901 17 49
Vard-use Trailer Chassis 400 | 2 s 20 ) aso) 22 1 am
o 200 8 ©os6) 0 o | I8 266
Fo;k!iﬁ Tiuck 15 ton ' 2 274 = — ] 2. : 224
1.5 ton 6 84 36 | - 504 142 888
Weighing Scale R 205 B 5 205
Total _ R : t—i,dél: : _ 26:631 : - 30 1

Table —-1V.33 Companson Table fos Contamer Hsndlmg Equlpmen! at QEQ #5 Conlamer Teeming

Tmnsl‘er (‘ rane

Hem Slréddlé Carrier  |(Tyre-mounted, 75 : | .1 Side Idaﬁcr
. : : feet span) e
Handl:ing' Capability : : o R
* Ground Slot ~ B40TEU | 648 TEU o 680 Tl:U
Storage Capacity ' : ;

Ofax) | 2,520 TEU 3 h‘i'ghj 2 592 TEU (3 hlgh) 2 040 16U (3 high)
Expected throughput L - _ _
annam. 150,000 TEU Approx. 55,000 TEU Appr’t‘):{t. 49,000 TEU Approx.

Equiprﬁent’s Cost L B
Total - | USs 4,461,000 US$ 5,761,000 |  USS$ 4,879,000
(See Table — IV34) ‘ : L P S -

Running Cost per

unitfyear Approx. 10% Approx. S%& | Approx. 10%
(percent of capital - usp - |- usp- . .| . usp
cost} - |esn ooolumt!year) (334,3oo;unmyear) ($43,200/unit40°fyear)
Pav ement of terminal Ilea\y paverent | Nof sor heavy pave- | Heavy pavement
. ment excepl crane
e : _' ilack L | .
Operational Faclor  [*Very flexible to - | #*Not flexible f' ¢ Unknm\n due no use
| operational demands . o ofihe machmc for major
andfor trade e\pan- o “handling of containers at
sion SR | terminals. Likely the
- *[:fllcxent Produdne ‘Slow operahon | same as or slightly
' ‘dué higher §tacking |' ‘I‘c;\'-_;.%t"i'ﬁ efficiency than
density ‘straddle ¢arrier
*Reliable, less main- ' .
tenamc

(Note) Please refer Table -- 1V.3.4 and Fig. — IV.3.I , I'V13.2 5ﬁd 1V.3.3 for the details.
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:'Tab!c - I_V.3.4 Comparison of Equipiment{Cost
“tequired for QEQ #5 Container Termina!

' o . (51,000 USD)
”“‘—_—H__“ﬁ Cost Stmdd};& Carries Transler Cmnei Sideloader
Fquipment ?,Snife-' ~System System System
- Qna‘:n'!iljz Cost | Quantity| Cost Quantity | Cost
Confainer Crane 3,017 1 3,017 1 {3,017 1 3,017
Steaddle Cartier 320 3 960 - - ; _
Transfet Crane 686 ~ - 3 |2,058 _ -
S:deloadct 20 299 - - - — 2 508
| 40" 432 - - - - 2 864
Yard- use Tractor 26 2} s 8 § 208 1 26
Yard-use Teailes € hass:s . _
40t 9 2 18 4 36 1 9
_ :m* S 7 8 56 12 | 84 1 7
Forklift Truck IS tons. 137 2 274 2 274 2 274
(Stackmg emply conlamer} ' _
Forklift Truck 1.5 tons 14 6. 84 6 84 6 84
(CFS operation) | |
~ Total 4,461 15,761 4,879
Tab!e — i\’ 3.5 Oil Import & Export (Thousand T/M)
* Fuel il Expost
"Crude Oil | Kecosene Gas Ol Fuel Oil e | Refned O
1950 2350 . ~ 4263 30 293
1981 - 2350 4 126 +243 30 289.6
1982 2,350 137 445 +220 30 431.5
1983 - | 2350 - - m 30 401
1984 2,350 - - 398 30 428
1955 2,350 - - 418 30 458
1986 2,350 - - 462 30 492
1987 -~ 2350 - - 499 30 529
1958 2350 872 - 518 30 635.2
1989 2350 164.2 - 537 30 7312
1990 2350 2434 30 357 30 - 860.1




: _.'l“‘."ablte,-,‘4 lV36Slandard Tanker Size .

Type

DWT
(3

e

Overall 'Lg'ngll_i

Molded Width -
BN GO

Motded Bepth |

(m)

Draft in Ful

Load
(m)

oil
Tanker

700
. 3,000

10,000

15,000
20,000
" 30,000

50,000
70,000,
100,000

200,000

5,000

40,000

150,000

250,000

57
13
85

139
87
17
T 194

21

226
250

-_5‘0'

102

270
291

325

348

§5

"9=._4‘
114

f l2'.8 -
140

1 9.0
212

238
212

299
321

390 |
M2

51.8

99
3

S ¥ R
T30
R
256

a3
56
64

l2.’4_ '
(LN RS
165

s

37
42
sy

U89

6o
8.1
9.0
98
109
17

136
179
190
. 200

Table — IV.3.7 Lengthof Pipeline

_N_ﬁﬁh buoy

~ Southbuoy - .

- Tanker Size

(DW1)

TInstathation
- watet depth

" Pipeline kength

tngtallation
water depth

- Submarsine

. Land

| Submacne |.

| Pipeline length

Land

80,000
100,000

19
_2|

~22

- 5,200m
| 6,800

T 13300m

13,300

-2 m
R
24

o 3,0(1)(‘)“'“{_7
3650 -

115,180 m
15,180

15,180

| 120,000

7150

13,300

201~
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Table - IV.38 ';As-erage Workinig Time (100,000 ~ 200,000 D.W.T)

k3

. ‘ (Unit: hr)
[ R Tan!cer size | 10~M15(10*)DWT. 1I~20 (1) DW.T.
B Al l’:lolage"' Benhing 38 N 2
_ 3 b, Bénhmg“' Unloading i2 22
Dolphlae ¢ Unloading ‘ 270 218
e Unloadmg~ Unbellhmg ‘ 36 25
e Unbesthing ’ 1.1 92
L - —
. Total - j 379 344
3 'Pﬁdlage"‘"Benhlng 21 13
S ~ b. . Berthing ~ Unloadmg 1.8 30
Buoy e Unloadmg ' 308 480
' ' 4. Unloadmg ~ Unberthing 21 50
¢, "Unbeérthing 14 )
o Yot - 403 513
. Pl'olage ~ Beﬂhing 19 18
| b, B-ellhingNUn!oadmg 136 25
Average - | p.‘ UnloadIng _ T 283 kLK)
d. Unlosding ~ Unberthing 32 13
’ KR é._ Unbe:thmg 16 02
Total 386 420

© Table - IV.3.9 Pipeline Dimension

-+ 30,000 DWT
‘| 40000
..50,000
60,000
80000
100,000
~ 120,000

Total Length
(m)

. {inch)

13
0
32
- 36

Diameter d‘

~205-—-
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Table - IV.3,10 Stsndafd Buﬁ'éd :Dépth“ _'

L , o Penetration of Bite by anchorin D
Ship size \\elgh!olf anchqr ; 'an[rhér : befbr):a sIOpplﬁgg‘ Buricd depih
(bW ()] () . 5% (m
‘ 1.87 09 2
10,000 4.0 0.58 09, 148
— ———f—e — e
54 221 10 in
20,000 : 0.63 10 1.63
T 269 L6 385
50,000 8.2 0.70 116 1.76
3.15 R 441 |
80,000 109 0.77 126 203
- L 339 133 an ]
100,000 124 0.81 133 2.14
e 4.20 150 - sa0 |
200,000 1890 093 150 143
| L 483 159 6.42
300,000 20 1.02 159 261

Note: Upper values aré for silty soil and lower values are for sandy 3oil.

Table — IV.3.11 Critical Wave Heights and Wind Velocities for Operation

- {100,000-DWT class)
Buoy berth Dolphin besth
Pilot embarking : . AN
Wave height ssme ) T i13m
 Wind velocity 15 mfsec 13 mfsec
Berthing . o L
 Waveheight 12m 13m
Wind velosity 15 mfsec 15 mfsec
Cargo handling , I
Wave height 15m “13mi
Wwind velocity CS mfsee = :'IO'mI:séc

Table — kV.3.12 Nos. of Days of Wave Height 1.2m and over

Mo 1 2 s afs e 2
Frequéncyt a : | |
T |25 16 [ o6 | 16| a3 ] 04 [ 83

8 { 91w iniz| v
8o | naf se|2s|or| 33
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:Tab!c £ IV.3.13 Woskable Da}'s for Buoy Beith {11 1:[3<l.2m} .

Month - 3 ey sle |l 7 s 9] 0]} 2}ae
T g 0760073510636 | 0456 0.521| 0.568| 0.472] 0.554 | 0.637| 0.526 0.692
—{;5 oﬂ)’ggs 246 Jas|236] 192137 162 1760 142| 172 19.1] 256 | 196 |
\ote Ihree succtssne calm days are necessasy fos a whole opesation.

(.-\na!yzed from wmd recoids furnished by CPC.)
“Table - Iv.3.14 Required Thrust of Tugboat
; {In tons)
) Full) Loadzd On Ballasi
53’)9‘:,'%; _ {Wate; deplh),'(draﬂ) Wind velocity
RO 1) 12 13 15 10 mfsec 15 mfeec
50,000 70 60 50 45 35 65

106000 | 110 90 ‘80 70 60 115

150000 1 140 120 100 85 70 135

200,000 160 140 120 100 80 160

250,000 185 160 140 120 95 185

1300000 - | 210 180 155 130 15 210

Table -- IV.3.15 Number of Tugbeats Required

ShiP size : Number of fugboats Numbes of fugboats

(DWT) e - for entry for deparfure
40,600~ 60,000 - 2 2
| 60,000~ 80000 2~3 2~3
80,000~ 100,000 3 3
100,000~ 130,000 3~4 3
130,000~ 160,000 3 3
160,000 ~ 200,000 4~6 3~d

~207—




" Table - 1V.3.16 Tranéportation Cost by Tanker Size” (10,000 DWT)

—208-

Tanker Size 3| 4 s |6 | 7 s ] 9w 2] s
Tans.€ost ($/) | 56 | s0 | as | 42 | 38 |as | 33| s 28| 23
Ry ' — - 1 DER SO IEPCRE BCE Ea
Teans.Cosl 58 1 893 | sl 1| N 4
00008 year) | 1316 1 1175 | 1058 | 964 893_1 : 6 ?:9 658 | so
Saving (0000 S) 0 141 | 258 | 352 | 423 | 493 | 540 | s87 | 658 | sis
~“Table — 1¥.3.17 Construction Cost B
o o ~(Unit: Million USS)
Buoy Berth - Cost DolphinBerth | Cost
Buoy 523 Dolphin 091
Pipeline 1568 ~ Pipeline 886
Stoiage Tank 395 -~ Tug Boal 192
 Assist Boat & Others 057 Ammour Block 349
Bunkering 5.16 Bunkering 5.16
Table —1V.3.18 Cost Difference. =
e Lo -+ {Unit: Million Rs)
e TankerSizel 60,000 DWT  S0000DWT. | 40,000 DBWT
Pipeling 8.86 8.86 {approx) =0
Saving 352 260 142
Table - 1V.3.19 Comparison of Buoy & Dolphin Berth =
) llém : Buoy Berth Dol'ﬂh,iﬁ'Benﬁ o
1| Ec_oq_'-om)" X ; O :
2 | ‘Werking Efficiency X e}
3| Safety o A
4 Matching A el
5 Maint. EX o)
6 | Porl wates area O X
7 Easiness of woik A O



- "!‘a_blc'— kV.3.20 Traffic Volume Fosecasted

1980 1982 1984 1986 1988 1950
Corgovolume (001X 3086 | 3237 3,565 4,069 4,573 3,077
Tafficvolumé (hr) | 463 ] 486 $35 - 610 686 762

‘ "‘l"able —v.321 Iwur!;' Traffic Volume

 fypeofRoad Hourly Traffic Volune
Read connacting the port with highway, ete. | 650 Vehiclesfhour
Othersoads o : 300

. Table — 1V.3.22 Cost of Road Improvement

b b keagth Width Ases - e
Fsilfn_ o Parl_!flfl..agrn -; ) (m) (m') - Unit Cost(8) Tolal Cost (10°5)
I ' Imiprovement - 850 1S 12,750 48 0058
1  Improvement 3,000 i0 10,000 59 0.178
~ Removal ] 1362 3198 0436
) Construction _ 700 . 20 14,0600 150 0.224
Tumnel Work | 13 .| 9 o 10508 0.107 -
SR 17 20 340 913.7 0.311
v | Improvement 4 LIS | 10 11,500 183 0.210
oo Total 1524
" Table — IV.3.23 Catculation of Channel Width
, 0 iFactor ' . : ' Width
Ship position holding accuracy of ship 1B
S Yawing (full load, 6 knots) 0.2B
Required Cotrection of deviation dué to wind (15 mjsec) 028
channel widih — — ' ; I
(1)) Corceclion of deviation due 10 cuscent (0.5 knots) - (1B)
| 2ofbeam o 058
Sub-Total © = 298 (4.4B)
Required channel width | 588

“Note B Shtp‘s Beam.
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Table -~ 1V.3.24 Volume'of Spoit __to be Dredged

e L Irédl)redging _ o
| Watet depth ft Area .m, ' q!ume of spoib gy : Renlgrks
" Channel IR 390,000 - 128100 Outbreak ¢
‘Modring basin’ 46.0° 900,000 20x 108 Qutbreak 1’
Table - 1V.3.25 - Sumntary — Master Plan
: . _ Cosl‘ . _
Ttem Urit | Qvy Vame | Share Target Year Note
. : : jaocoussy] @
Comer.uona! Besths . L
#2 New Beith, Tem Berth | 8 - ' 1983 Modified ta CENR
XQ (\ w Bei errpoxar)) e L | E:!enh;fter 1588
NP (Widzal ,lsenh»mezms) Besth | 2 3538 2.7 }After Rémoval | Widening of S0,
(“ hd S RS R IR of O Dock " | Two -9m Bearyy
NGPISP (Carzo Benhﬂs}\,p Repais Benh) Beith 3 L -hes3uBy
. After Comple-
_ S S onof NP (28)
QECQ £5 {Containéi -» Convintional) Beith 1 - 1988
- Caigo Handling Equipment set | 1 1,537 5.8 1980
© SubTora Bo1s b 8si ;
Cbmaine: Betl—hzy—- . - e
" QEQ 5 (Crane Foundation, elc) St 1 1628 | 1.2 1981 o
KQ s1f2223 Besth 391 4n136 | 366 {1983¢a1) 22 {Comentices »
. N - |1988 (#2183} | Container)
Dredging Mot 1S 2880 | 2.2 [1983, 1988
Container Pquipment Set 1] 31092 239 [1931,1983,
_ 1938
- SubTotsl 83336 | 639
Oil Besth® : . - B 2A fteas-tuy sy
P . . i ® :mudu'gz'lm;.a
Pipelines, eté. Set |- 11,515: . :8.8. s rock depth A g i
Bunkering Facilities s |u | sss | oes| e approch chicidl
Ampiovemenl of Port Entrance “Ser | -1 }non '9.2 'a oul.
" Eteision of SW Breakwater m) (150 -(6 17y '
" - Remaval of the Smnhmt EndofNW | (m} | (38)| - 19
Breakwater - S ; ISR
: Seai\allﬂ\a\e Dissipaiién “’or‘: aknz . | €= | (200 53X
| NW Bréakwater | e | e ] ‘) GRoOq
‘D_Rdgmg M.m* | 324 6,900 541 -
TogBost No. 1 1.919 K] .
© subTotat 13,968 we b
Road xm | 574 1981 | 1s |93221 Lareg|
. ' 1938 -Il_anes) ‘
Grand Tatah 130360 | 1000
: ‘ I

- Note: Engineering fez snd physicat contingency are not included is the Table.
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Tab]e —iv.3.26 Number of Atongside Berths (Dry Cargo)

Exsisting - - Planned Transferfed Balance
7 o} Large®! Sma:'lj"' lar‘ge.a‘ Small Laige Smialt | Large | Small’
" Alongside Berths -~ | 14 3 s ) 343 0 16 3
Conventional | 14 3 7 0 3 0 13 3
Coafalnes - | 0 — 3. - 0 - 3 -
Notezes f'[a:g‘e;f denotes for ‘quaywalls with the water dépth of -7.5m or deepér and “smalt” for quaywalls

- with thit shallower than -7.5m.

32 North Pier

#3 2 berths af North Guide Pier and 1 besth at South Pier.
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Fig. — IV.3.5 New Oil Harbour (Proposed by NEDECO)
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" Fig. = 1V.3.7 Buoy & Pipe Line
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Fig. — 1V.3.10 Standard Layout (Dolphin Besth)
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Fig — IV.3,15 Layout of Road, Tunne! and Bridge Planned
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CHAPTER 4 BASIC DESIGN OF STRUCTURES

4-1 Types of SInicIures

Basic design ol main poil structures required in thc plaunmg process I'or the developmient
project of the Port of Colombo will be stated in (‘hapter 4. The types of stmc(ures for which the
basic design has been performed are shown b; tow.

@ Basic Desrgn for Seawall for Reclaimed La;ld ,
The basic de;rgn is performed based on ihé p]an for creating new baclmlp yard witha
200 m width, to constnict the new seawall behmd the Soulh Wesi Breakwater and to
rectaim lhe space between the breakwater ahd the seawall. :

@ Basrc Desrgn for \'ew Conlamer ‘Wharf .
This is the basic design for the new contamer wharl‘ to be constmcted in the water area
in front ol' the Coahng Jeures N

@ | Basic Dqun for Seawalls ‘ :
This is the design for seawalls reqmred to' widen the norlh side of lhe North Quay.
Both caisson type seawall (design water depth of --10.0m), and rubb!e mound type
seawall (desrgn water dcplh of —7. Orn) are designed.

@ Basic Design of Breakwates _
* The South-West Breakwater is expanded by 150 m along the existing channel, and 75
m long existing poriion of the North-West bre’akwater is femoved. Basrc design is
conducted for a 150 m long bnakwa[cr to be new I} consimcled

© 42 New Coniainer'\'-"harf _

421 Reclamahon Plan and New Whae! Plan

In ordes to examine the construction cosls and construch()n feas:bnhly “hrch are the
determinating factors when eslabhshmg the locatlon of a new canlamer wharf, the basic design
was made for both n Reclamatron Plan and (2) Néw Wharf Plan. The both plans were compared
to each other to’ decide whlch desron has much’ ad\anlagr “The Rectamation Plan stated in this

hapter nieans the plan for reclarmmg the area behind the existing South-West Breakwater and to
changc the Queen Ehzabeth Quay into the new container whasf. The New Wharl Plan means the
constmglnon of the new container whatl in the waler area in front of the Coaling Jcllles

Based upon the results of lhe swivey on the natural conditions at the Porl of (‘olombo the
following design conditions were determmed
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' .(l) Réclamalién Ptan
Deslgn water deplh
: Dés:gn Wave helgh{
7 Altowablé over wpplng

B :Gradlent of seabed:
"5T|d’c fevels: HWO‘?.T.
'  LWOST:

Soil conditions:
Bulk denslly ‘of éoicrete:
" Bulk densat_y of rubblestone:

(M) NewWharfPlan
Design water depth:
 Tide levels:  1IWOST:
S LwosT:
- Crown he!ght* :
Domgn _load

Gross weight of container crane:

Wheel load (quay side):

~10 i below LWOST

: 4.0 rn {(5-year wave)
- 6x107% m? fm)sec

Appiox. ¥f50

. +0.72 in

10.00 m
Rock of dense sand

: 2.3 Ym?

2.65 t/m?

—12.0 4 below LWOST
10.72

10.00m

+2.7m

“'Surcharge, 3.0 t/m?

§60-ton class
38.2 tons{wheel

Number of wheels (No. of wheelsfleg times leg):

' Soil conditions:
. . Sand: ..
- Rock:

§x4= 32_\\'heels

-0 mto —15 m below LWOST

~15 m below LWOST

Under 'lh'e"'desigin :c‘é'r!fditions stated above, § alternative desigas ranging from Design A lo
Design E wére perl'orméd to be compared with each other.

{ l) Reclamati IOn Plan

Deslgn A :  Gravily-type caisson seawall for re¢ taimed tand (Fig.-1V.4.1)

D_esngn B:

{2 \tew \‘-’harl‘ Plan

Rubble mound-type seawall for rectaimed land (Fiz-1V.4.2)

Dés1gn C: Granl) lype caisson quaywali (Fa,gs l\' 4.3 {a), (b))

De:ign D:
Design E:

Steel shezt pile cellutar cofferdam {ype quaywall (Figs. -1V, 4.4 {a}, (b))
Gra\ ll) lypc cellular concrete block quaywall (ng-l\' 4.5 (a), (b))

Th0ugh sheet plk—()’p\. qua)\\all s!ul sheet pile qmy\\all with relieving platform and
open-lype lea)\\aﬂ on pn s can be also considered as structures for the New Whail Planin
addition to the abou the gravify-type quaywall mamly was considered in making COMparnsons,
since the depth of bed rock in this proposed site is shallow as alrcady stated in 1-2-4 Soil

Condition.
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422 Comparison of Desngns 3

In Tabhs V.41 and l\’ 4 2, mam factor; that affect Ihe dctermmatlon of stmctural Iypk;
were hsled and des;gns were -.ompand lo each other I‘or both the Res.lamallon P!an and the New
Wharf Plan respectively. : Y

As showa in Table-1V.4.1, there is no apparent overall diﬂﬂ'b!lfp belween Dessgai A and B
The cost for Design A is shghlly lo“u than ihe other $0 !hat in lhc Rec!amatlon Pian, Deslgn A
was selected as the pfeferab!e design for the seawall : : L

On the other hand, m lhe New Wharl‘ Plan, Design D is sllghlly mfenor to Dussgn Cand§.
The construction cdst of Desrgn c is hlghet than that of Des:gn E and ihe construchon work
period of Design C is shorfer than that of Design E. If ample tnme is a\ralhble Design Eis superior
than Design C, however, Design C is more appropnale if conslmcllon \'.ork had to be comp!‘led
with great urgenicy, espe(:la!ly in the Urgenl Plan R B

For the above mentioned reasons, Demgn A and DeSIgn C are selecled 10 examme the
construction cost and construction feas;blhty of the Reclamatlon Plan and the \'ew Wharf Plan
which are includéd in the Urgent Plan as well as the \iasler Plan. The OV erall companson bétween

the Reclamation Plan and the New Wharf Plan is given in IV-2 Planning of POII L'a).qpt and ¥and
Use. | S | _ | S

43 Revetment for the Nosth Quay Exféhsi@n '

The notth side of the e‘xisﬁﬁg 10.10 m wide North Quay is not beilig used at present since
wave height in the Port is hlgh dunng the monsoon season. In order to nden the quay width
from 10. lO m o 50.0 m, a naw bulkhead w&!l be cons{rucled atl the nonh side of the North
Quay. Though the evuslmg reh.lmént is made of mbbles a caisson- lype butkhead structuze will
be adopted at the front end secnon of the \'orlh Quay {dessgn wates deplh —~10.0 m) to prevent
the dts(urbance to saiting shnp:. Bul the remaining extent of 300 m (desngn water deP!h ~1. Om)
mll have a rubble mound-type rev etment.

 The typical seclion is shown in Fig-lV.4.6 for lhe caisson- lype bulkhead and in Fiz.
-V.4.7 for the subble mousnd- type revetment respectively.

4-4 E\lensmn of (he Sonth \\ esl Breakw a!er

‘ BBSIC design I‘or the Soulh-\‘-’est Break\sater was made under lhe l‘ollowmg design
condmons ' : C . ,

Design wave height: ' im (25 year Wa\e) .
Period: . 9.1 see. ' :
 Wave duecht)n R \'osmal t6 b:eakwaler:
'“Coeﬂlcleni of l'ncuon 06
- Gmdlent ofseabed o "'IIIOO
CFide levels:  HWOST: ™ " 40.72m
' LWOST: £0.00m
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~ Soil condition: © Sand
 Pesign water depth: ~13.00 m LWOST

Thg" liviiiéql cross-sectional view of the extended South-West Breakwater s shown in
FigAV4.8. |
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Table — 1V.4.1 Compatison befween Designs A & B -

Design A: Gravity i Desiga B
ftem lypa caisson Rubble mounted type
_ N - seawall . seawall

Naturat Soil type (sand o rock) Proper Proper o
conditions Water depth (<10m) Proper ' Proper
Construction Dégigeiof difficulty of Difiicult  Fasy )
work condi- | construction method : .
tion Necessity fot production - : .

yard for wave-breaking Unnecessary Necessary

‘concrete blocks - '

Necessily for concrele Yo AR e sSA Y

caisson yaid o ‘N@mq. _W@wmn

Scale of concrete plant Large - Small

Scale of rubblestone storage Small Large
Construction ‘ Rbugh estimale 4 . 1 :
cost ($1,000 USD/m) _ T o B
Construction Slightly shorter than Slightly longer than R
pediod of time _ Design B Design A’ o
Materials Quantity of cencrele u.seld' Small _ : Large _

Supply of concrete Shost supply if only Shaort supply if only

- _ domestic product isused | domestic product is used
Quantity of rubbles used C Small © Laige
' ' ‘Development of new Development of new

Supply of _mbb!es _ quany is required quarsy is réquired
Mainlenance’ | Degrez of difficulty Difficult C Fay
& repair Frequency Low . " High

~234-



Table — 1V.4.2 Comparison between Designs C, D & E

T D - D
P Design C: Destgn D Design E:
T tem Gravitffntype Stestsheet pile | Gravity type
Bicen wd cellular cofferdam] cellular concrete
caisson quaywall :
| ; - lype quaywall tock quaywall
Natural Soil type N o
conditions {tock of weathered rock) Proper P_‘ oper Proper
Water depth (~12m) Proper Proper Propes
[ Constauction | Degeée of Sifficulty of o ]
work condi- .| construction method Easy Difficult Easy
tions Scale of work base large Small Intecmediite
Scale of concrete plant ‘ Large Small Large
Work experience(in Japan) - | Maay Small Small
Commmation | Rovg estimate - - .
ot (53,000 USD/m) 2 2 @
(‘ons!fuu_:ﬁ(iﬁ; 1 e Short Lon Intermediate
period of time _ 2 -
Materials Quan!ity nf_tf(o:ncreie used | Laige , Small Intermediate
' | IS ; Shoit supply if |- Dontestic Short supply if
Supply of concrete only domeslic product is only domeslic
e ‘product is used available in product is used
- suflicient
A : _ - quantily
Quantity of sheatpilesused | None Large None
Suppl)' ofrshéel:pile.s Unused From abroad Unused
Manteadnice | Degree of difficulty Difficult Difficult Difficult
and repair : Lf?reqﬂéncf _ Low Low Low
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Fig. _1IV.4.4 (b) _Plane O:f‘iSf'eie;l $heet Pile Cellular Cofferdam Quaywall (Design D}
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CuAPTER '$ CONSTRUCTION WORK
51 Cond:t:ons f or Cons!(uclton Work

A$ the Port of Colémbo has the Indian Ocean to the west, maring condilions can be -
generally divided into a clam season and a relatively rough season, depending on the direction of
monsoon winds. Assuming days with wave heights greater than 1.0 meter as “rough days”, such
days account for more than Q(on of 30% of the months of June to October, which period
thesefore can be called the rough season ln other months less than § 0% of the days experience
wave heights gre caler than | .0 meler llowc‘. ery surl icient ¢almness is maintained for the Port, as it
is sheltered by Eth_f: South West Bnakwater and North-West Breakwater.

The seabed in the vicinily of the Post of Colombo consists generally of sandy soil so that it
can be utilized as fill for reclantation and caissons. However, precautions should be taken as it is
anticipated that in certain areas, clayey soil will be sandwiched in depths and bedrock will appear
at a shallow depth. '

At present, a —~12.0m = quaywall mth comrete cylinder structure is being constructed at
the Queen l:hzabelh Quay No 5. The work is being performed under the direct supervision of
the Colombo Poit CornmlsSlon and matérials such as stone, and fine and coarse aggeegates are
'pre:.enlly supplied from l‘acnlmes owned by the Colombo Port Commission in the vicinity of the
Port. 'lhough these materials can be obtained from the facilities for the proposad project, it will
be necessary to procure equipment from abroad in order to oblain these materials quickly and in
quaniities. Quarries for producing subblestone must be newly developed and suitable sites are
localed near _Colombo “Though cement is domestically manufactured, imporied cement is also
uwed lo _me«_?l: :_tﬁé. large demand in this country where large projects such as “Mahaweli” is
underconstriction.

5-2 Method bf Constraclion

Major works proposed for the Project are shown in Table-1V.5.1.

Location of each work is shown in Fig. -1V.S.1. In respect of the struclure of the major
works, ong of grauty-type caisson quaywali was selected because of the possibility of bedrock
appearing in shallow depths and the requirements for speedy and economical execution.

- Fos producing caissons, a caisson yard must be provided. Presently, the shoreline of the Port

B fully used for casgo handling, docks, ship repairing and other pusposes so thatl there is no space
for constrnucting the yard in the Post. Also, there is no suitable site for the construction of the
yard in the vicinity of the Port of Colombo. In addition, it is required to provide such facitities
where by aboul 6 vaistons can be produced at a time to satisfy the requirement for construction
speed, and the coustmcllon of sitch a large yard will require a considerable amount of investment
and time. Therel‘on the caissons will be produced on a fleating dock in the Port of Colombo. As
the slip () shown in Fi ig. JAV.$.1 has the capacitly of 1,200 tons, it can be utilized as an auxiliary
means of caisson pmdu-.tmn Also, the building ® in Fig-IV.5.1 can be ulilized without
modification as shop for fabricating conciete forms and reinforcing bars.

(‘onsimcllon procedures for caisson type quaywall and revetment are stated in V-d4-1
“Construction of Korteboam Quay™.
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Reclamation ﬁll wilt be obtamed by 3 large punip’ dredger from the scabed’ oulside of the
Port and directly transferred to the rectamation area théough discharge plpes.

Targét year for completion of each proposed facility is shown in Table CIv. 5 2.

The Construction schedule for the Master Pkm is shomr in Tablp IV 5. 2

5-3 Sunken Crafts

There ate a fotat of 12 sunken crafts in the Pott of Colombo LOLahOﬁS and types of such
crafis are shown i |n Fig. -1V.5.2, and Tablé - V.5.3, re:.pectnely of thése craﬂs those marked With

®, ®, @ and 2 must be rémoved at the stage of execution of the \iaslér Plan. The ¢osts of
their rémoval are not included in chapter 6 “Rough Estimate 6f C onstriiction Costs™. '
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~ Table - IV.S.1. Facilities {o be Constructed

V""{—_ f ot ‘Major works to be § ; o ' Target year for |
No. .Fac'h“i ———Majo;l works to.be pez_ﬁi:med ) EUaﬂ!ft y | cog;n p;e uonw
__] 'Conféﬁ}ériéfalieri_ QEQHS Crane foundation (pite foundation) 200 m 1981
5 | ko contriner t{e}mfﬂé!t : -12m quéywall {eaisson type) 900m | 1983 for SSOm
{3 berihs) | <2.5m €6 <10m revetment 1.010m | ©f Quaywall
R | (eaisson ¢ ‘
|Gmontyp) | 1981 for
Reclamation (3 1m x 235,000 m?) 2,600,000 m?
lléavy pavement 235000 m?
(90Gm x 200m + 550m x 100m -
o CFS i ' 16000 m? | 350m of quaywalt |
3 | OitBerth | Main dolphin (caisson typ<) 1 set 1983
o Buikering dolphin (caisson type) 1set
: 'Pipeli:ne ' 1600 m
IR Wave dissipating concrete blockfSeawall ] 700 m
4 | NosthPier ~4m {o -10m revetment 360m 1985
: (rubblestane (ype)
~10m sevetment (caisson type) SOra
Reclamation (14m x S0m x 369m}) 193,000 m*
. __| Pavement (80m x 360m) 18,000 m*.
|5 § Road in port (4 lane) Improvement of existing road (5.0 k), Construction 1982, 2 Lanes
: of new t0ad (0.7 km),and 2 turz_ﬁe!s__ 1986, 4 Lanes |
6 | Deedging of watérway | -15.5m 1,240,000 m* 1983
7 | Diedging of turningbasin | ~14.0m 3,500000m° | 1983,1987
8 | SWBreakwater | Wotk for 150 m of extension 150m 1982
9 | NW Breakwater . Pemotishing 75 m of existing portion 75 m 1983 |
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© Table - IV.8.3 Sun_kén Crafts in The Post of Colombo

Ne. :

Sunken Crafl t
' {lj ‘F Wooden Ijg,hler at *Drun buoy" mooring, almest tovching lhe pendam chain.
1@ ] “Behest” tog.

=(3).- “Two old tmber lighters on the jeity.

"(4) 7| Very ofd wreck of a stoop. Depth 3 ft.
: (5) N “Bmcongleon Steam Trawler.
: (6) Sy Wi thiam Mathew" Dredget

(7) | Wooden Lighter No. CO 985 of P(C)C.

“(8) | "‘Coal Lighter of P (C)C. No. 1113.
' (9)' {- Wieck of an old lighter — to be confimned.

10)-1 Wreck of an old lighter.

(#1) | 0l botler.

(12)7 | “Titan Barge” — QEQS |

-~ Note:  (12) is under removal | Source: CPC
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CHAPTER 6 ROUGH ESTIMATE OF CONSTRUCTION COSTS

A rough estimate of construction cosls for facilities shown in Table-1V.5.1 i3 gi\'én in Tatte
-AV.6.1. Unit prices used for cach ‘fatiiily are’ based ‘on Chapter 5 “Estimate of Conslruction
Cost™ of Port V “Usgent Plan” The construction costs are cstintated using prices as of June,
1979, The e\change tate is detenmned as fotlows using IMF data:

USS1 = Rs. 15.625 = ¥21889
Rs. 1 =¥i4

The total project costs by major l‘ac:hues are shou.n in Table 1V.6.2 whuh ine ludes the
costs of ¢argo handlmg equnpment as well as fac&htus

According to Table -1V.6.2, 'the tofal cost of civil works amounts to USS‘)! 7 million and
that of cargo handlmg eqmpment US$38 6 million bringing the grand total cost of the Project to
approximately US$130. 3 million.
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- Table - 1V.6.1 Rough Estimate of Construction Costs

o . . {Unit: Us$)
A UMY RN B -7 . R B
' No. - Fachity .- ] . Mainitem Quantity Unit Price | Rouzh Cost
S PUNEDY N N : o ~ S Estimate
: (US$) XThousind Liss)
Y AT Cranie foundation p o Y 6,540 1,308
1§ QEQ s Meavy Pavement 40,000 { m* 8 120
N - - (Sub Tota (,518)
~12.6m Quaywall _ 900 | m 20,750 18678
-7.5m Rﬂ'etn?e'nl 610 { o 9,960 6016
i i . ~10.0m Revelmént 490 Y m 14,260 5,680
"2 | KQContainer teiminal | Reclaration 2,600,000 | m* 23 6,506
. Heavy Pavement 2315000 | m? 34 7.285
: CFS$ 16,000 | m? 20 3,520
Conlaindt o K : )
& Con- - ‘ o  (SubTotal _ : (42,736)
jentianal _"‘|—‘_“‘__'“ ] T T ; : : —
Berihs - . 4.0~ ~10.0m Revetmeént 360 | m 5,680 2,045
o —$0.0m Reveiment © 50 {m " 14,200 710
3 | NothPir | Rectamation’ 198,000 } m? 25 495
Do T Pavement 18000 | m? 16 53
Pien o § (subTotn. ' 03538
S g -
4 1 Riad . ‘ 5100 | m. 1,98
| s | oiedging ~12.0m Preding 1,500,000 | m* 1.92 2,88
i . . 7 Total ; : . 57,763
_ | Main datphing t | st Tl e
. .. ] Bunkering dolphins i [ Set 656
6 Ol Becth Piplines : ) Set 11,515
_ L (Sub Fotal) {13,138)
: 1 | Dredzing - - : A Eyredains i ? - 5
o3Beah | | (Forming Basin HmDiediing 2000000 § m 19 3.500
8 : _D:edgmg Waterway) -15.5m Dredzing 1,240000 | m® 25 310
9 | SWereakwater | 150m Fxtension 150 fm | swas2 ] sam
' ' 75m Removal 75 lm §857 L 514
ll_) AW Breakwater SeawalljWare Dissipating 1 | st 5,316
. | Woik ) -
1] Tug boat . : 1 1 | No. 1,919
|— 1 ' —_— —
Totad : 13,968
—— L - —— %y S
Grand Total o ‘ _ 91,731
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Table — 1V.6.2 'Pfojcic.(‘(;‘.os'l:'b;‘ Master Plan

* (Unit: Thoussng Ussy 1

Iem Unit. | Quantity - Cost | Remak
Conventional | @ Noith Pies _ ~ Béith 2 3518 (2n| B
Berth |{® | Casgo !lan'di;in'g Equipment . Set- L 1,537 ( 5.8)
| © subtotal 11,095 ( 8.5) T
|® |aeoss Beath 1 s (y|e
| @ [KQ#iayes CBeth | 3 ) 42,736 (366)| @
Container : U B T
Berth © | Dredging Mma? ] 15 2,880 ( 22) ®
|® | Container Equipment Set 1 31,092 (239)
1 sutota - | 83,336 (63.9)
l@® | Dotphine Benh 1 S (on|®
® . | Piptine, Others Set I 11,515 ( 83)| ©
ol Berth (® | Bunkering Facilities Baith { L ' 636( 05) ®
' ® lmp_rot'ementol'Pér( Enfrande Set (. :12,0]!‘(;9.2_) @, 5,
® | Dredging _.\l.nik3 32 6,900 ( S.tf_) DB
@ | Tugboat ' No. b ‘1,919 (13)| @
| Sub totat - 33,968 (26.1)
Rt @ | km | 51 | 98 (19| @
Ground Tofal I30,36-0 .( 100)
Note 1) Asfor NO in Remark s2¢ Table — 1V.6.1 |
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| k:_}"fA‘l?Tm_‘zf 7 FURTHER DEVELOPMENT FOTENTIAL OF FIIE PORT

The fuﬂhet dcvelopmcm of the Port of Colombo, after the completian of the Maslcr
Plan, cou!d be directed to the nosthof the ex!stmg port, along the coast up to the Kelani Ganga,
using a breakwa{u or breakwatess. This would be necessary only if the scale of the development
exceeded the Capacﬂy ol‘ thc exlslmg porl area

Somv spacés within the Port has nol been used in the Master Plan, and would be available.
These are descnbed below.

71 Spsce l'or A!ongs:de Benhs

The area belween the canal and the Block Jetly is feft untouched in the Master Plan, and
is reserved for future dev n.lopment of the Porl. Twe to four alongside berths can be planned in
this area, with felatively small backup yard. j

Assuming that four benhs are planned and conventional cargo of 150 thousand freight tons
is handled annually per berlh the overall capacity of the Port, including the conventionalf
tOHiﬂlﬂef ;‘argo in lh_e Master Plan, within the éxisting area, could increased to about 5,800 thou-
sand freighl tons of overall dry cargo, with 2,800 thousand freight tons of conventional cargo,
and 3,000 thousand freight tons of container cargo.

72 Open Yald!SIoragc
The Port lacks area for open yard!storage e\cludmg the Coahng Jetties area where bulk
coal had been wnloaded, because most of the cargo handled in the Post requises covered storage.
At present home\er the lemporary parkmg of impoited cars, during the cleasrance of port and
custom I'ormahl:es |s cammg severe congestion in the port area. The situation is likely lo be
'g,ra\aled from the expected econenic dev elopment of the country. Thus, resenving spaces for
future open yard!sforage appears {0 be indispensable. Nof including intand location, reclamation

of the sear of the Queen Elizabeth Quay is the most favourable location in the Port for this
PUIPOSE. '
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PART V URGENT PLAN
CHIAPTER § " COVERAGE OF URGENT PLAN

Amonl lhe |lems mcluded m the Master Plan, those uquued to be completed by 1983
' are l’ormulated in the U;gent Plan’ which includes every details indispensable for verifying
both the physical and the econom:c feas:blhly of itself.

~ The following three items are urgently required:

: @ lmproye_ment[intloduction!cohstmction of facililiesfequipmen!t to meet the ex-
~ipected increase both in cargo traffic and in containerization.

@ Transl'er ol‘ the oil berth and the bunker facilities to the new site accompanied by
the mdenmg of the appmach channel.

(3) \ibd'ificalion of a cargo ha'ndling besth in the North Guide Pier to a ship repair
berth.: - ' S .
Among the abow three the item @ is not included in the Urgent Plan, since a

[éaublhly study including an in situ survey of the bedrock in the approach channel has to
be carried oul.

1§ Con\'entic-nal Berth

The lonnage of dry cargo, ﬂcludmg containers, forecast for 1983 is 2 ,414 thousand
fresght tons.
' Assuming Ihat ISO thousand fmghl lons are handled at each alonoslde berth, 16 bérths
ate requmed to cover the above forecast cargo lonnage.
_ On lhe ‘other hand, however, the number of alongside berths avan!ab!e in 1983 is
counted as 14.$ under the following conditions;

' (D The !Nt'i'.E s berth 6f the Queen Etizabeth Quay is used exclusively for container
handling. |

@A cargo handting berth in the North Guide Pier is modified to a ship repair berth.

@A conventional cargo handling bedth is secured in the Korteboam Quay to substi-
tute the above modified berth.

7@ Three small b—e:li}s in the Bandaranaike Quay and the Coaster Berths are counted
~ a5 0.5 benths each.

Thus, there is two berths short in 1981, This shorlage, however, is of temporary, since,
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after !983 con\enstonal cargo js consndcud lo decn.asc wnh Ille increas-, in containe,

~ cargo. Hence, moderate congestion is bettes tobe accepted in the meanllme

Furlher, the . qm.umg analySss gives the nsults ihai lhc rate of bcrih occupancy is 787
and the average awallmg days are 0.20 to 0.32 days 3ssummg 8 500 tons per vessel ang
1,700 tons per vessel for broughl/loaded food and general cargo respech\ely and 3.6 days
per vessel for the a\crage W orkmg days. The re sult is reasonable enough to be acapled

Thus, 14.5 berlhs arc adopled as the number of con\'enlk)nal betlhs in the Urgcnt Flan,

12 Container Berth

The tonnage ol‘ container c.argo to be handled in 1981 is l 144 lhousand I‘mght tens,
mcludmg tranship containers. Hence, one berth cou¥d be’ sul'ﬁment because the cargo
handling capacity of a full m:ale container berth is estimated as one m:lhon tons. However,
since a full scale berth is not ava:lable tmhl !he Korteboam Quay is oompleied ‘the No. §
beith in the Qneen Elizabeth Quay is planned o be femporarily used as a container betth 4o _
[espond o the urgent demand fos contamenzahon As the capac;(y of container cargo
handling of the berth, 500 thousand freight tons is emp!()) ed by cons:denng that a
- confainer crane can be accommodated only ror the tength of’ZOO metérs due to a structural
problem and thal the marshalting yard behmd it is naifow. Thut, two berths one in the
Queen Elizabeth Quay and the olher in the l\or!eboam Quay, are planned here.

By the queuing lheory ‘the rate of berth occupancy is gwm as 61% aid the average

awaiting period as 0.32 to 0 60 days asmn‘ung the tonnage broughtflcaded i}er\essel to be
2,550 tons.

1-3 Cargo Handling Eqﬁi;iment _
1-3-1 Conventional Cargo Handting Equipnient

Conc-emmg (he equnpmenl for handhng comentlonal cargo, all !he eqmpment included
in the Master Plan is mlhm Ihe coverage of the Urgent Plan

1-3-2 Coniainer Handlmg Equ:pment :

. Two different sets of conlainer handtmg equlpmcnt one for lhe Queen l:lnzabelh Quay
and Ihe éthet for the Ko;leboam Quay, is planned to be purchased

14 Port Layoul

The port layoti_! described above is shown i;n'Fig.‘—\}.I.l.
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CHAPTER 2' FACILITY AND EQUIPMENT PLAN

2-1 Container Terminal and Container Fquipai'lcnt '

As slatcd in' the foregding chaplcr the improv emeit ol‘ the Qucen E hzabcth Qnay No.
5 and the Korteboam No. 1 Container Berth is re(]mred (o cope with the container dunand
forecast of 1,144,000 tons (about 80,000 TEU) for 1983. Container terminal facilities ang
equipment required for effective’ handlmg of a large number of containers and of fuj
container ships are described here. '
‘The layout of both terminal facilities are shown in Fi lgs V.2.1 and V.2.2 The required
container cqmpmeut and costs are shown | in Table-V. 2 i.

2-1-1 Terminal Fsci'l'ities‘

‘ (l) Con(rol Omce
Controt ofl:ces for the sup-.n';s:on of all tem\mal \-.Osk mdudmg loadingfunioading
ships is requlred to perform the work eﬁednely and on ‘schedulé, These offices will be
provided in a transit shed at the Queen Ehzabeth Quay WNo. 4 by its pariial remodeling
and addntmnal offices will be near the terminal entrance for the Koiteboam Quay No. .
The size of office will be 735 m? for the Queen Elizabeth Quay No. $ and 2,250 m? (30 x
25 m, 3 slones) for the Kor(eboam Quay No. 1.

(2) Container Freight Station (CFS) -

A CFS, where small lots of cargo (LCL, t‘argo) ate recen’cd from and delivered to
shippersfconsignees, and loaded into and unloaded  from conlainers, is planned for the
Queen Elizabeth Quay No. 4 warehouse (oos area: 6,713 m?, after parha!ly remodeling to
control offi ce), while the Queen Elizabeth Quay No. 4 warchouse is also to be used for
conventional cargd loadedfuntoaded at the Queen Elizabeth Quay No. 4 berth. For (he
Koiteboam Quay No. I, a new warchouse with a floor area of 6 000 m? is proposed o ke
built as shown in Fig-V.2.2. ' :

The necessary size of lhe CFS warehou::, dtpends on the quannly of LCL cargo lo be
handled. From experience, the quanuly of LCL cargo (L.CL. conlainers) is abouf 15 to 207
of the total containers hand!ed Since the Korteboam No. 1 Container Teiminal has slots for
1,912 containers, and the number of containers handled per year is assumed to be about
90,000 TEU, (112,000 TFU[year m:numum) if 15% is employcd the quanmy of LCL
confainers should be 13, 500 TEUfyear or about 230 lhousand cargo !ons}y..ar (1?7
tons/TEU). Sincé the cargo stonng capacily of CFS warehouse is’ aboul 1S tonlm’. the
yearly lonnage of cargo which ‘can be handled is about 39 lom!m2 i the rate of cargo
turnaround is 26 timesfycar {period of sfay:: 14 days) Thcnl‘ote the floor afea of CFS
warchouse required for the Korteboam No. 1 (‘onlamet Terminat is calcutated at 900 m?,

by dividing the LCL cargo of 230 thousand tons!ycat by CIS cargo handlmg ability of 39
tons/m?.
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(3) Maintenance Shop |
~ Maintenance shop for inspecting, cleaning, and repairing containers and for mainfaining
and’ repairing the cquipment used in the ferminal is provided at both the Queen Elizabelh
.Quay No. S and the Korleboam Quay No. 1. These shops are (o be equipped with com-
pressors, welders and general tools and equipment required for repairing machines and
comamers
~ Areduction in’ the number of ope{atmg equipment due to méchanical troubles will
: d.;ectly rcduce the terminal capacity, sesulting in lower efficiency of ovesall terminal work.
Thus ‘the mam!enance and repair work for equipment must be sufficicatly performed. In
parllcular, inSpecllon and maintenance work for preventing troubles in advance should be

conducted. Thus, a system that atlows intmediate repair after the occurrence of equipment
lroubles mUSt be organized.

4) Cate i
A conlaines terminal gate is installed at the Korteboam Quay No. |, whese inspection
" of the obntainer’s QonditiOn réceived andfor delivered, weighing the containers and the ex-
changes of‘ﬁecessa'r'y documents are carried oul. The gate of the Korteboarm Quay No. | has
5 container fanes, 2 of which are equipped with scales. No scales or gates are installed at the
Queéij _Eliiébélh Qiiay No. 5 since there is a possibilily of converting this tenminal to a
conventional berth by transferring ils container facilities and equipment to the Kotteboam
Container Terminal in the future. Necessary inspection of the cenditions of containers can
be performed by wusing a platform whenever necessary, 2nd the container weight can be

determined by finding the weight of the catgo in the container from the container loading
plan. :

{5) Power Soutce for Reefer Containers
A tbt_a'l: of 140 stand-type power plug sockels are installed in the Korteboam No. ]
_C.Ontainef Tgm_ﬁ'nal for the recfers. For the same reason given in Paragraph (4) above, no
b!ug sockels are provided in the Queen Elizabeth Quay No. 5, but portable generators can
be used if ﬁeée.ssarjr.

(6) Olher l‘ac;hlics ,
1} Power Supply Facilities

" The Ceylon Electri¢ity Boad supplies the Port of Colombo high voltage Power of
11,000 V, which is transfosmed at substations within the Port. Since a container terminal
requires a large amount of electric power fo supply the container crarie, illumination and
reefer conlainers, etce., ‘adequate power supply facilitics are needed. Approximate power
requmd in each tefminal is sho“n betow.
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‘eqnipnie’nl : ' Voltage ' Pow;r

QR QNo S Korteboaml‘o 1
j’_Con'Iainer"Craihez ' 3,300V © 750KVA o l.,SOO Kva
:Illuminat'_i:on for terminal: ‘-ic_m v, ISO"K\"'A o ' ‘?3{)9'1(\’,\
Maintenance shop: | 220V SOKVA - 100KvaA
Conlrol ofiice: R 220V SO KVA , ~+ JO0KvVA
_ Reefer container: Sy = .. LOOOKvA
CFs: o oV - 100KvA

Total: . | | LOOOKVA . 3|oomn\

The substahon al the Quecn Ehzabelh Quay \‘0 3 warehouse is uscd for !he power
supply of the Queen Elizabeth Quay No. $, ‘since it has sufficient allowance to provide
power to the Queen Elizabeth Quay No. 5 (accordmg to the Sn Lanka Poit Authority

‘ mformahon) A subsfation 1smstalltd within the l\oateboam No. 1 tersinal.

2) \‘u’ater Supply Fac:hhes ‘

‘Water supply facnlmes for shlps are to be ngged up on Ihe \'.harl' apron for the
Konteboam Quay No. 1. Necessary water must be supphed to lhe mam(enance shop for
washing conlainess.

3) oi Supply Fa-:nhtles -

il <upply lacmt:es for simdd!e cargiers and (mcton are. to be prowded in the
Korteboam No.' | ¢ontainer terminal.

2-1-2 Container Equipment

Various kmds of containes handhng cqunpment of the termma! must be functionally
combined in order to el'lectue!y carry out the términal work of loadmg]unloadmg, storing and
r;cemngldeh\enng a large number of containers. Kinds and numbers of eqmpment must be
selected and detesrmined in reasonable considesation of the specifications, \sorkmg efficiency and
~ capacily of each equipment. The' number of required equnpmenl its main specnf’callons and cost
for the Queen Ehzabelh Qua) No. 5 and the Kmlcbﬁam \‘o 1 container tcrmlnals are shownin

' Tab!e V.2.1.

(¢)) Container Crane (hg V.2, 3) :

Two confainer cranes are pronded for the l\oneboam Quay No. 1 and onc I‘or the Queen
Elizabeth Quay \'o 5 b;cause the fange of cmne movément is only 200 melers ‘Within the tots}
berth length of 300 meters. If lwo cranes with a width of 20 lo Wm are mstallcd ‘the capacily
of each crane could nol be fulty ulitized due to mutu:tl mlufonnce bclmcn cranes dusing
- operation. A narsow crane rail width (tp:m) of 16 m is ad0pted due to ihc nanms width of the
Queen Elizabeth Quay No. § (118 m) and the requmd simctun, of lhc ‘foundation for a
container crane, as stated 1V-3-2-1 1 “Container Terminal™. The same rail width is adOpch for the
Korteboam Quay No. I since the Queen Elizabeth Quay No. § crane might be shifted to this
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terminal in the future, The principle specifications of the container cranc are shown below

Lifling load : ~ 35 tons under hook
B . 30.5 tons umlé_r spreades
‘Outreach: . 36m
Backreach : | Hm
Span : - Clom
‘ l_.i'l't : "~ 25 m above .
o 13 m below
Winding speed : 50/120 m/minule (full loadfno-load)
Traversing speed ' 150 mfminute
Fravelling speed : 45 mfminute

(2) Straddte Carvicr (Fig-V.2.4)
The Queen Elizabeth- Quay No. 5 is equipped with 3 straddie carrieis ¢apable of siackmg

}0]'40 fet conlamers in 3 Tayers while 8 straddle carriers ase slated for the Korieboam Quay
0. I. The number of siraddic carriers required is estimated in the followmg manner:

1) Queen Elizabéth Quay No. 5
“ Containes ¢iane handling {'apacnly
: - 25 contamefsfhour % 1 crane = 25 containersfhour
© Number of conlainers received & detivered:
' Given 40,000 conlamers handled, 300 working days annually
~and working 10 hours a day;
_ 40 OOO 300+ IO— 13.3 contamer-_sfhour :
(Tolal number of-.onlamc s lo bl handled 38.3 LOlﬂﬁllk rs/hour)
.mg c)’cl» of 4 mmules is employed since the terminal area of the Queen Elizabeth
. 'Quay \!o Sis narrow 'lheremre handling ability becomes 15 containersfhour. Thus,
) lhe r:.qmred number of straddle carfiersis: 38.3 T 15 = 2.6¢( umts)

2) Korleboam Quay No. l,
" (‘ontamu n.mm handling LC‘IPC‘ILI() : :
25 xon!am; t;!hour X 2 cranes = S0 conlaine rsfhour
\umbcr of conlamer:. received l de h\ ered:
" 90, 000 + 200 ¥ 10 = 30 containers/hour
(Tolal number of tonta;m rs to be handled: 80.0 containers/hour)
Glun a slraddlg \‘almr handlmg capacity of 12 containersfhour (S-minute w ork cycle)
lhe ru]untcd numbn r of straddle carriers is: $0.0 % 12=6.7 (7 units) + l unit for spare

NOTE: T-‘O:a \‘uraldy talmlah l]p. nqmred numbcr of straddle carriers, the calling patter of

monlamer shlps ﬂu numbcr of containers <h|ppcd and landed by one ship, the paltein of
t‘onlamer rucu\mg and dch\ery ﬁn riod of tine of containess’ stay in the lmmnal) and so forth
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should be assunied first, then analysis on the required work shoutd be made, on which basis the
caleulations should be made in consideration of Il\e eqmpment capacity. However, the simplifieg
method stated above is adoptcd sined lhen are ‘no reliable data for cailing paticen, numb.c; of

: com:amcrs landed and period of time of conlaisers' stay. The numbers of straddle carrigg
ca!culated above concide with the nwinber actuatly required according to prena.nc-. and actug
records in many container teriminals of Japan.

Q3 Tractor[T railer : .
These are used for transporting LCL conlamers belv.cen Ihe container yard and CFS and

for transporling empty con!amers to ‘the stormg yard or for !andmg sp{-caal con!alm s that
cannot be carmd by slraddle carriers.

{1 Forklift Trucks

Two 15-ton forklifts (capable of stacking emply contamen. in3 layen) are necessary for
handling emply containers behind the Queen l:hzabelh Quay warchouses. Six 1.5- ton forklifts
for the Queen Elizabeth Quay No. S and elghte‘.n 1.5-t0n forklifts for the Korleboam Quay No.
I are n.qmred fespectively for CFS operation. Since the 1.5-ton forklift fof CES is used for
wilthin the xonlamer electncally drivéen I'orkhfts \ulh pfoper weight in view of the steength of the
conlainer floor (bearing toad of 5.460 kg per axle based on tire’s contact of 142 cm? per wheel)

must be used. The heights of the mast and head guard of the forkiift should naturally be smaller
than the container ceiling of 2.15 meters.

2-1-3 Opesation

(1) Outline of Operation

‘The operation of the container !ermma] is ouﬂmed heremaflcr wnlh lespect to the export
wntamer;, and reverse operahon is apphcable to the nmpor( conlam;rs

G) E\porl containers bmug,hl to the lemnnal gate by (mck au mspected I‘or appearance,
damage, and the seal on co:llamer door, and their v.ughts are com;‘mted Detaits of the
information of the confaineé (name of shlppmg company, name of shrp deslmatmn
conlainer number type of cargoss, p’irtmnar!y the presence of dangerous cargo, ¢ic.)
as well as weight are given to the control’ office. This nspection at Ihe gate will

- conslitute the formal hand-over ol‘ the containers from the sh{ppu 10 the terminal and
the responsibility of the conlamer ‘terminal for the contamér bcgms al llns point, so
that nécessary check shall be [ully performed and results shall be rumded

'@ The conlrol office decides lhe location \\hen. the con!amer is (o bé stored in the
' _contamer yard based upon the mformahon |l has n(xmd for the gale The storing
‘tocation of the’ mntamer is gmn to' the trrck’ and simddle carrier Jdrivess. The

- determination of storing location of containers in the yard is based upon the ariival
schedule of expoﬂ :mporl conlamcrs and plan for toadmg the’ shlps Ifu}nlamer yard

' p}anmng i5 not mad., \\ell xl‘l’iuency of lemama! work will diop due to S!IOI'&&,L in
yard space and inceease in rehandlmg of containess in the yard.

—266--



®

The driver of lhc straddlc carricr w:l! feceive the container at the transfer point from
the teuck, cairy it to' the instructed location, and store il as dirccled by the control

‘office. Guidelines are drawn on the yard surface for identifying the storing location.

Thesé guidelines arc hel plul for effective use of yard space, useful for safe operation by

- designating the passage of the straddle carriers, and indispensable for stock contsol of

@.

containers within the yard.

At the time of loadirig onto the ship, a container stored in the yacd is carvied to the
spol dircctly below the container crane by straddle carrier in accordance with

: ‘cgonlainetéship plan, where it is then loaded to the ship by container crane.

Smiall lots of export caigo (LCL cargo), which is insufficient to fill one container, is
camed by lruck into the container frclght station (CFS). There, it is loaded into a
canlamer {LCL contamer) together with other LCL cargo having the same destination

m accordance w:th the container loadmg plan based upon the destination and

typchuanmy of cargo. The LCL container is then carried into the yard and stoied for

‘ loading

(i) ilanagement

The number and funcllons of workers required to eﬂedncly perform the operation stated
in the fore‘gomg patag,raph depend on various factors, such as regulations related to labor,
employment agfecmenls between fabor and employer, work schedule as well as the ability of
each '.\orker in the Port of Colombo it is difficult to predict the number of workers required,

and lherefore lhe type of workers and their roles in container terminals of Japan are described
for reference.

@

Operation management depariment

Ship plannes: ©  ~ Preparation and execution of ship loadingfunloading plan.
Yard planner: Preparation and execution of containér yard plan. .
Radio operatos:  Communicating and giving instrictions for work to be perfosmed

o drivers of ¢ontainer handling equipment in accordance with the
containes yard plan and ship plan.

Gate clerk: . Receiving and delivering of containers at gate and necessary docu-

mentalion work.

Dcmum nlalnon!acxounlmg cleck:
Peepaiation and issuing of necessary documents, and receiving of
paymeanl for work done.

Maintenance engineer:
lnspedlon, maintenance and sepair of confainers and handling
~equipment.

: Operation departnient

: Oper.llor; of contau‘ucr crane, straddle carrice, yard tractor, ete.

Gate checker: lnspnhon of containers upon receiving or delivery at the gate.

- —267-



: '\'-’Orker on éhip: _ Lashing :’ahd unlashing of contaiiiers on ship,

@  Container freight station (CFS) department :
Clerk: - Preparing :md jssuing of documents for cargo receiving and de.
. livery, and preparallon of plans for loadmg c¢argo to containers.
Wosker and I’orkhl‘t aperafor: ' :
Stuffi ng]unstulf ing cargo lo/from -:onlamers, or a:argo rtui\'ing
from or dLlnuy to trucks. ' :

‘Tallying man: Tallymg and checkmg durmg cargo stuffi Img and uns(u!ﬁng and dur-
' ing cargo recen ing or deh\er)'

(1) Preparation of Regu!auons and Tanff Schedulc for (‘onlamer
All container cargo is presenily Ioaded mto or unloaded from conta:n; (s W :lhm the pon
area, and so<alled house de!nuy by ‘which cargo are delwetedluccmd \\hl[b it is in the
containers, is not allowed by the customs authonty llo“e\er in order o E\C\.I\L and deliver 3
“number of contamen qunkly and el‘lecu\ely ‘and to have ntore effective !ranspor(atmn of goods
by conlainers, house delivery aindfor land transporl of bonded Lonlamen are mdlspmsabh in lh»
fulun as the Lontamenzahon system progresses.
_ The present port tasifi’ for conlainer works <eems to be a tariff n.wsed from ihal for geacral
cargo. “That is, the comenhonal lanfl for genual cargo handlmg W ork 1s adopted for ke
container with different rate schedules A more sumphﬁed tariff for’ containers, in confomm;
with the actual “ork performed at lhe contaaner tenmna} must be prepand
lmpmvment and estabhihmg of regulahons to stmphl‘y the tarifis and various procedu res for
custom clearance and etc. _related to conlainers is recommended. The merit of container {ransport
as an ¢fficient means of cargo transport can be fully utilized only by use of efficient regu!anom

2-2 Inside-port Road

As described m Part IV, lh» mszde—port road of 2 lanes is e\pec(ed o be sufficient in
capacity until 1983, therel‘ore, only 2 lanes and side- \\.alks are planmd to be Improved at the
stage of the Usgent Plan. '

2-3 Conventional Cargo Héndli:lé Equipment

- The present cargo handling situation is e\plamcd inC haplcr S Part 11. The conclusion is
‘that the annual tonnage of cargo ‘Thandled per: bo,rih is high with 180000 {onsfberth or 1,824
tonsfm, but the tonnage of cargo handled per'ship is low with approximately 420 tons/day (600
tons/day for food ship and 380 lons{day for gmeral wrgo ships).-This 6ccurs because ships wail
an avesage of 1.6 days for berthing (7.5 days for food shlps and 1.1 days for gtneml Cargo ships)
and berlhs are'extremely congested with a rate of berlh occupancy of nearly 100%

The low level port services being offered increase cargo shipping costs, re sullmg in sises in
* freight chargts for imporl-export cargo. An example of such a freight increase is the congestion
s:.mhargu iniposed (0 the Port where ships are conslanlly involved in wallmg for berthing. Delay
in receivi ng cargo for several days due to congeshon Means an increased burden of interest aganst
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o value 1o the consignees. In’addition, it sediices the operating efficicncy of existing port
Geilities and creates the necessity for néw facilitics and investment, which negatively effects the
pational cconomy both dmctiy and indirectly, Improvement of various services offercd by the
port of Colombo will glvc greatl benefits o the economy fo Sri Lanka since the Port handles
about 94% of all 1mpotl-cxpo:l dry cargocs and is eventually to be the sole international port in
Sri Lanka. !l‘ it is intended for the Porl to develop as an intermediale post to other neighboring
.Lo!mtms aﬂd to lake advantage of its geographical location in the future, the sesvice level of the
port: must be improved Illrough which the post charges for vastous services can be kept
competitive.

B this chaplér, necessaty measures for eliminating current porl congestion, shorlening ship's
tay time in'the Port and improving efficicncy of cargo handling will be considered, and necessary
Cargo ha_n'dling equipment will be reviewed to increase port efficiency and also to respond (o
futuee incease of demand.

~2.33 Mechanizatioh for Cargo Handling

It is already slatcd that cargo handling to transfer cargo from ships to consignees or
from shnp;n is to shlps is mainly performed by hand in this Port. Tlns incfiicient method of
lranspomng cargo from wharf apron to transit sheds and storing them is the botllencck to
mlpmung !Ile overall cfhuem) it is recomrmended to mechanize the cargo handling work

" through ihc use of I‘orkhfls and pallets, and to handle the export cargo through the transit
sheds in the same manner as import goods. '

Pft. scntly, eaah paukahe of cargo is carried by hand and stacked onlo rope sling or net
slmg on board. ship and then Ianded to the wharf apron. Efficiency can be greatly improved
if cargoes are_combmed to larger units by use of slings, and are carried as they are by forklift
to the transil shed and stacked there Tor storage. However, since thie rope sling or nel sling is
not suited Itb _fdxklil' is (and also since tallying and sorting for each cargo are necded), cargoes
mmtiin'ed by é'tﬁﬂg arC dicaésemblcd at the wharf apron and moved to the [ransil shed lor
slor.mt by hand ‘using lx:mdmr(s capable of carsying more than 1 to 2 packages at a time.

' Cargo handimg by 1his mclhod takes lots of time, causing tower overall efficiency in cargo
handling and also idle time for the men working in the ship. Thus pallets, which make the
forktilt opemtaon possible, must be used. (‘.nm handling operation wtilizing p:dl;is is
described hereinafter. _ . .

Cargo is loaded by hand to patlets within <hi'p’s holds, and landed to whar{ apron by
umlg a palhl ilm;_, Then, wilhoul removing casgo from the pallet it is casried to the transit
shed by ut.mg a forl.hl‘l and sfored there still on the pailet. When delivered, the cargo —
\»!mh has mmmu‘l on llu pallel all the time — is carricd by forklift to the consignee’s
lnuL runo\ od ftom the pallet, and handed over. (A reverse procedure for shipping -.argo)
For the putpose o! quick tallying and sorting, cargo of the same lot {same cargo mark)

o rshmlld bo. placcd on e same patlet on ship, “avoiding mix stowage of different cargo marks.
~ When \ar;_,m:. of difle rent ‘marks are stowed, lamded paliets should be immediately
transferred and luupor.mly stored in the transit shed without fallying and sorting. Yater,
the tallying and sorlmb should be perdormed, al 2 midre convenient time such as whea theee

is no ship at berth, lo ‘murg the siooth movement of cargo between the apron and transit
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shed and to improve cargo handling cflu.lency ‘ :

When' ptac‘mg Cargo on the palicts in the ship, efficiency can bp lmpIO\‘\.d if number of
workers of a ship’s gang are asugncd on the basis of the commodlly, packing style, and
weight of the cargo. :

+ The “direct a!ongs:dc method prescmly being adnpied {o exporl cargo’ (loadiny)
elintinates €argo handlmg work in the area between (ransit shed and apron. Ne s'erlhclcss its
cargo handling éfficiency is 9.0 tonsfganglhour wluch is not significantly dif fere m from th;
83 tons!ganglhour for the imported generat cargo. This seesns to oceur, as staléd before,
because waiting tinme is increased smu the required cargo is nol broughl to Ihe ship’s side
apron when required and because prepanng in advance the work scheduh, required for
achieving efficient foading work is difficult. In other \\ords ihc “dircct aionquc method
(“direct delivery” method) does not pmude efficient cargo handling since the buffer
function of transit sheds is not effectively utilized. The buffer function'is capable of
adjusting to two typxs of cargo. (ransport between ship and shcd and between shed and
shipper (consignee), by nreans of temporary stormg of cargo. Thercfon hlgjxcr efficiency
can be expecled for export cargo’ by adoplmg “tcrmmal ruen'mg sylem" (or pre-
warehousing) in which cargo is brought info (ransﬂ sheds in advance :md then Ioaded on (o
'lhe ship aflter the ship’s arrival. : -

Though handhng of foods is pe:l‘ormed by the “dlred deh\ery mclhéds this should
be continued for the time bemg nhlead of lmmedlately adOplmg cargo handling thiough the
transit sheds, because @) tmns:t shed space is msuffic;ent {s¢e \OTF) @ there are some
berths having no transit sheds, and ® food cargo is moslly largL lots for hmltéd CORsignecs
so that artang;ng of receiving frucks in order is not dllfcult tOmpared to gmeral Cargo.
(Th:s can be subatanhated by the fact Ihat cargo handlmg cﬂukncy o!‘ fOOd Shlpa is 20.1
tonsfgang/hour, better compartcl to that ofgu neral cargo slnps}

Similiraly to the above, cargo handhng hy Irghter at Tighter bcrﬂls showld be pcrformed
using forklift and pallets lhrough the transsl siuds !l is rcmmmended to load the cargo on
pallels to tne hg,hter if there is any allowance in !lghier capac:ly. The slorag&' cfficicncy of
" the hgh!ers may be ‘decreased, bnt Largo hand!mg cmcnncy nol ‘only bc(“cen tand and
lighter but also between lighter and sh:p can be muLh :mprmed

NOTE: Annual €argo haudimg capacity of transil shed can be cshma!ed hy
Floor area x Storage factor X Occupan‘,y x Turn round ‘
Transit shed ﬂoor area: §2, 620 m? (transit sheds bchmd berlhs al lhc Que-.n Elizabet
:  Quay \o "1 to No. 4, Bandranaike Qnay N l to No. 4, and

. N Prince’ \’uaya Quay No. 1 and No. 2)
_ Stéragc factor: 2 tonsfm? (s[andard &alue \shen forkhfl and pa!lv.ls afe used)
Average Rate of Occupancy: 0.6 (607%) : ;

Number of turarounds: 26 lsmesfye.xr (365!!4 26 Ilmcsfyaar sma ma\.lmum pmod of

slay of cargo is 2 weeks aCcordmg to the Sri lanka Ports Authority.)
Th(‘kal‘f the lotai tonnage of cargo handl;d annually |n !he lmns:! sheds ‘behind the
.alongslde benhs st

52,620 x 2 x o.o'x' 26 = 1,642 thousand tons
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On the other hand, the transit shed demand when 807 of all general cargo (éxcluding foods)
uses transit shied is as follows: '

!

o | 1978 1983 (Unit: 1,000 tons)
::—Gené'!al_ Cargo (excluding foods): - 2,099 1,837 (excluding containers)
General Cargo
) ﬁliti;iné'tmﬁsii shed (Sb’,fo) . 1,679 1,470
Foods: 836 577
Cargo using transil
‘shed (g. cargo + foods): 2515 2,047

Front the iesull; 'shown above, present capacily of fransit sheds will become
insufficicnl il foods are handled through the transit sheds.

2.3-2 Cargo llﬁndiilig Fquipment Required

The rnumbers and costs of cargo handling equiprﬁent to be supplizd are shown in
Table-V.2.2, tdge_lher with the existing and required numbers in the Post. These cargo handling
machines should be prow}-‘ided and employed as quickly as possible (o improve the cargo handling
efficiency and to eliminale cjdnstant congestion of ships wailing for besthing. The necessary
aumber of machines and other requirements are as follows:

(1} Forklift

In order to shorten the stay per ship and climinate congestion, cargo handling efficiency pes
gang must be tmpm\ed In addition, the amouni of carco handled oer ship per day musi be
increased. Even thoug,h the cargo handling e!llcumy is improved fo 15 tonsfgangfhour by
utilizing lha, forkllfls, ‘the amount of caigo handled per ship witl become about 650 tons/day if
2540 2.8 g:mgs work pes ship with 2 shifis per day for 16.5 working hours (from 07:30 to
24:00), as in the case of the actual record in 1978. I the target is 800 fo 1000 tens/day, that is
the gap;ic:(y genenally expected by shipping companies for a port, then 100 tons/day < 15 tonsf
hour = !6.5 :hours = 4,04, or aboui 4 gangs will be required to work. The required number of
forklifts will be calculaled below assuming 4 gangs working per ship:

@ 35 5 ton forklifts and 15 3-ton forklifts for ship cargo handling (anding and deliv ery)
Given 4 gangs, 2 forklifts (Panding, transit sheds, and dJdelivery) per gang, a 60%
' opcmhon tale and 20% rate of non-operation for the Forklift, for a total of 12 berths
inchuding the Queen i lizabeth Quay; 4, Bandaranike Quay:; 5, Prince Vijaya Quay; 2
_and Coaster Berth; 2 (to be caleulated as one berth) berths w here cargo handling can be
lﬁ;{de. through lm_n'sil sheds, then required number of forklifts is
© 12x4x0.6x 1.2 = 69.12(70 units)

@ I4.. S.!oﬁ l'orkliﬁs and 14 3-ton forkhifts for cargo handling for lighters al tighler

berlhs Two forklnfts are rcquucd for each of 14 transit sheds at the lighter berths (a
ral-. of non-operation is taken into vonsidesation).
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) 30 2-3 ton forklifis for siev«dormg on- board ship:
Two forklifts for each of lS alongmh, berths (2 conster bc:lhs are caltwlated as on,
berth) will be needed (rate of non-operation is considered). These forklifts should hayve
mast height soialter lh:m 2.5 meters to allow work on the sccond du:k of slups

In calu.u!ahng the number of forkiilts lo be suppl:ed the life of forkhﬂs is usm;ljr
considered to be 8 to 10 yeais in cons:derat:on of thé mainfenance and’ repalr ‘cosls. Forklists
over 10 years old will be disposed of and rep!aced

RFFLRF;\(‘FS For uh!mng forklifts in hindling of general cargo M mll bg, nqmrcd to
pallets and patlet slmg> The number of these required can be ca!culatcd as shown below:

bisg

* Pallets: 14,000 pieces required

General Cargo handled in 1978 (e\:dudmg r()ods) _‘2,'099,‘000 tons
Amount handled by the Queen Ellzabeth Quay No § o s S

conlainess (farecasted): e ~ 300,000 tons
Amount of general cargb handled: R : : l 599 000 tons

General mrgo usmg pa!hls (assumed) ?0’?6 of the abo\e .

Numbér of turnround (assumed) 52 umesfyear (365 day s!? days)

Amount of cargo handled per pallet (assumed): 1.5 tonfea
1,599,000 x 0.7/(52 x 1.5) = 14 350 palleis _

* Pallet slings: 80 pieces required (Fig. -V? S}
4 slings per berth: total of 60 for 15 alongsade benhs .

One sling per Sﬁm (!englh nfhghler) for I 000 meters of lhe llghter berth tolal of
- 20 «:Img;

"~ (2) Mobite Cranes : ‘ :

The mid-stream berths -.'.h:ch hand!es 300 000 tons:')ear ol‘ dry cargo or 10’~c of all dry
cargo in 1978, will rapidly lose its !‘umhcn as’ a cargo hand!mg l‘ac:hty for lh; Porl aftes
construction container berths and the progress ‘of conlamenzahon (In companson with abowt
2.93 mitlion lons of general cargo handled in I978 abou( 2.4} million tons exdudmg conlainer
cargo’ are fotecasted for 1983) Thenfon, providing and m\.eslmg in mobile cmnes for lighter
chrgo handimg should not be made. However, all of the c\uslmg mobile cranes and bcrlh Crands
are more than 10 5ear> oM and extienely dctenorated and somc of them sem\ 10 have been
used for more than 25 years. Thus, it is required to arrange and own mob:h cranes for auxilisry
~cargo handling means asa pait of port facilities for low’ petl‘omianw shfps (such as single-boom
ships) or for handling cargo on shote. Fot cach shlps beith uml the Queen Flizabeth Quay,
the Bandaranaike Quay, the \Orth Guide Pier and the Prmc«, Vuaya Quay, two mobile creancs
will be needed and, thus, a tofal of 8 ar¢ reqmred For the purpOs\, of performmg !oadmglunload
ing of the berthed ship, |I is assuméd that each’ mobile crane witl have a V6-meler working radius

and lifting capacity of 3 tons at full extension. (Maximum hl‘nng capauty is 30ns l‘or 3-meler
working ra:us) L e
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£} FIOaiil'igCrailc
s very app:m nt that the use of cranes for handling large-

size heavy cargo or cquipment,
such as hmdlmg hc:wy génerators for the Mahwelfi project, semoval of sunken ships within the

Port, runoval Or maintenance of the mid-stream berths, etc. will further increase in ‘demand

during the | process ‘of pori development, and also in the progress of the social development of the

Sri Ianka cconomy. The Sri Lanka Ports Authority reports that the existing I'loahng crane (60-

ton max. lifting capamy, steam type, 35 years old) has insufficient capacity and poor efficiency.

in order to respond to future demand, a ﬂoalmg crane of 100-fon lifting capacity witl be needed.

fts main spccnﬂat:ons au shown below and ifs approximalte external view is shown in Fig.-V-2.6.
Ma‘umum hl‘lmg chpacnly 100 tons(at 12 m outreach)

Swmg !ype boom; non propelling; no accomodation provided.

2-3-3 'Effct‘:(s:of .Mcchanization

By mc‘cl'l‘anizing cargo handling as stated in the foregoing paragraphs, the following effects
are expécted:

® 'l'ﬁilprm'én?ent in cargo handling efficiency
@ - Ef l‘ecme use of transit shed spaces

Asa -rcsult, the fotlowing effects are also expecied:
@ Improvement in serviee level

n Shortenmg of ship’s lay time at the Port (because of elimination of congeslion
amj reductd time for cargo handhing)

2) Ru]u ed damage to cargo during cargo handling
@ Efficient port management

D) Improvement in productivity
2) . Inwiting more transhipnent cargo
3)  Reduced investment for post facilities

{(n Imﬁtovinnnl in Cargo-handling Effici cacy

By using forklifts and pallets, cargo handlmg cfficiency in the area between {ransil sheds and
pion ‘MII be greally improved, climinating the bottleneck existing in cargo handling work. The
cargo handling xl‘lmuu; for peneral cargo with forkiifts and pallets in Japan is 30 to 40
mn&’g&ngji{'om; but,‘in ofder to achieve such a high efficiency, not only the {raining and
experience of Use workers in handling of Torklifts and pallets is requiced but also functions other
than cargo handling must be improved to enable cargo to be ellectively transported between
ships and teansit sheds. 1Por example, they are @ amproving the skill ol winchmen, &
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quickening faltying without blocking smooth flow of cargo (cargo with the same marks are to be
placed on the paftet wheneves possible), @ good planning of the cargo-handting work sehedule
and of cargo stac:ki.ng and storage schedule for transit sheds, and " @' cx_éc_ulipn'(’ar ovegl|
supervision over the work. In consideration of the present silvation at ‘lhiﬁ Port of Colombeo, sy,
as the nature of the workers, climate, etc., it is considered that an ef ﬁ'éi'cncy of 15 tons/gang/fhour
will be possib‘le‘ if cargo handling is 'madé. \".':i_lhfoﬂélif ts and péll_cis, which is about 2 times the
efficiency in 1978 for general cargo, excluding foods.

(2) Effective Use of Transit shed Spaces e

 The present S!&f:k;llg ﬁeight is 1.0 to 1.5 m since CArgo is"s;la'cked‘b_y ii:_md in lhe;__she_ds, thus,
the storage factor is approximately 1 tonfm? with about 20% of floor area used as traffic space.
By stacking cargo higher than before, by tising forktifts and ﬁa!!etsj ihc'slomgc factor is improved
and the transit sheds can be uséd meore effectively. This means That exporl cargo presently
handled by the direct alongside method can be_ﬁand!ed through transif shed, thus iniproving the
cargo handling efficiency. . '

(3) Improvement in Service Level
1) Shortening the ship’s fay time at the Port e
By improving cargo handling efficiency and increasing the amount of cargo handled per
day, the tay time of each ship will be shortened and operaling elliciency of the ship can be
improved. Shoriening the ship's lay lime as shown beloiv. a tolal of 4,970 days annually or
4.0 days/ship will be saved, in comparison to 1978:

Figures Recorded in 1978.

Numberof Nunib‘e:l" of

Number waiting  * days work-  Lay time = Tolal lay time
of ships (A} days(B) . ed(C)  (D=Bi() (AxD)
Food ships: 101 7.5 13.9 214 2,1614
Import genesal . ‘ -
carpo shipt: 591 14 = s 64 13,7824
Export ships: 548 0.3 48 56 3,0688
Total 1,240 : ' ' L 90126

9,012.6 daysf1,240 ships = 7.3 days/ship

* I the (‘érgo handling'éfﬁcienéy for impoit general cargo andb_xpmt Islﬁ_bs is improved o 15
tonsfgangfhous, and the amount of daily cargo handling increases 16 800 tons (IS tonsfgang/hour
- X 16.5 houssfday x 4 pangs x 0.8 operation rate), the the following figure is oblained:
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Total ay time

Food ships : | 101 (ships) x 13.9 days 11,4039 days

' Ships for import general cargo and _ _
exporl | 2,109,000 tons/800 tons 2,636.3 days
To!ai . 4,040.2 days
oo . ' {1,240 ships)

4,040.2 days/1,240 ships = 3.3 days/ship

NOTE: When cargo handling efficiency improves as shown, the days of waiting for berthing due
to congestion will become Zero. That is, the rate of barth occupancy given is 4,040.2 ship-days
(total days of IaY tlme)fl 5 berths x 365 days = 0.74 (74%), so that congestion due to waiting for

b-:rlhmg can be chmmaled excepl for temporary wails caused by a large concentration of ships
arriving at lhe Porl

2)_ Decrease in Damage to Cargo during Handling

If is natural that chances of cargo being damaged will be increased as the number of
loading, un!oadsng or handling of cargo increases. When a pallet is used, the cargo will be
handled only durmg delivery to the ship or consignee. Dusing handling between ship and
consignee (or shnpp—cr) cargo will be retained on the same pallel. This means that the chances
of cargo being damaged can be much reduced in comparison with the present method where
cargo is handled with rope sling and net slting.

(1) lmprovuncm in Port \!3n3gemenl E flmemy

D lmprowmentm Prodmlmiy ‘

As a result of mxpro\cd cargo handting eflu ieacy and mechanization (derease in number of

workers per gang) the proﬁ ratio will be increased since present cargo handling charges are
based on the charg-. per ton of casgo. In respect to increasing productivity per woskes, the

present number of workers per gang is 17 to 21 for stevedore, 15 tor banding, and 7 to 9 for

dmlmry, amountmg to 39 to 45 in total. However, after mechanization, 25 to 30 workers

(sce \:OTI} will be suﬁ“uxnt saving about 35% in consequence. Thus, even through the

present number of workers of the Sri Lanka Poris 4\ulhont)- (formzr the Port (Carzo)

Cor;\oraiioft) is mainlained, approximately 4 gangs per ship will be possible to work, a 35%

increase 9\'crf_l'_9?8.
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- NOTE: Number of workers per gang al present and after mechanization s as follows: |

o _ ATE[ _
Func¢tion Present. Mechanizalion : Remarks
jStevéd_ore: Tindal 1 - i o
Winchnten 4 -2 With skill fmproved
Holdmen 12to 16 121016 ~ After niechanization,
S : - 3 ste\edormg will
Subtotal C (17 to 21) (1510 19) < govern the overall
C . _efficiency & this
number may be aeeded.
Landing: l(angény | i I | _ :
Labours 14 4 By me_thaniz’qt'ion_,
: . about 4 persons are
sufficient for attaching
~or removing stings.
(Subtotal) asy (3 o
Delivery: Kangany o | : _ : ,
Labours 6t08 4toS . - After mechanization,
B reduction in the number
‘ B - of workers is possible.
(Subtotal) {710 9) (5t06) | L
Tolal : 3%2to4s 251030

2) Inviting Transhipment Cargo
Though the Port is presently very busy handling cargo ongmated lo/l‘rom Sri Lanka,
transhipment cargo may be invited and handled after the - mlpm\emem in operating
efliciency of the facilities. This will increase the revenues of lhe Port and c()ntnbute to the
economy of $1i Lanka. ‘

A port for the transhlpment cargo is usuaily s:eluted m constderat:on of not only
geographical convenience but also the various port <emces of!‘ered \uth a reasonab!; level of
charges. A shorler ship's lay lime at the Port created by h:gh cargo hand!mg efficiency and
maintenance of low level of charges for semc«s (a result of mcreasod produclmly) are
\0n51dered to be utall}' tmportanl factors for m\mng ttanshqnnenl cargo

3) Reduction of Investment for Port IF acility

Higher efficiency will offer a maximum handling capac:ly white using limited port
facilities and eliminates the necessity of conslrudmg acw porl facilitics, and which sesults in

a minimum of investment required. This will greally contnbute ot only to the poil
administration but also the national uonomy

2-4 Summary of Faciiilyﬂ:‘q;iiﬁmon( in Iﬁe Urgent Pl:m_.

Thé summéry of facilily and equipment in the Urgent Plan is showa in Table-V.2.3.
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fable - V.2.1 l ist of I ‘quipnient required [or QEQ No. $ and Korteboam Container Terminals
and Cost Estimales for Urgent Plan

. {Unit: $1000 USS)
' LQ #5 .
Equipment Specifications —- ? ? ******* _i(fﬂib_mﬂ: —1 Total
Q'ty Cost Oty Cost Cost
. Rated Ioad under hook 35 tons R S L
Container Crane | . (undes spteade_r 30.5 (ons) 1 3017 9 6034 9051
: ‘] Rail span 16m
i Rated toad under spreade; 30.5 tons
Straddle carder Stac k;rg 3 high for 207/40° 3 960 8 2,560 1520
. _ | Coupling load 12.5 tons, ,
Yardusz Traclos tHydrautic lifting coupler type 2 52 3 130 182
Yarduse Trailer Rated load 305 tons for 40° y 18 15 135 153
Chassis Ralm_i load 20.5 tons for 20 8 56 20 140 196
o 4 | Rated load 15 tons with spreades .
Forklift Truck stacking 3 hizh | 2 273 - - 274
Forklift Treck | Rated load 1.5 tons, Baltery driven 6 84 18 252 136
Weighing Scale |+ 50 tons foad ' - - 2 82 82
RS . SR S AR S B
(Toza!) 4,461 9333 | 13,794

Tahle - V 2.2 Summary of Needed and Available Cargo Handling Equipment and

Cost Estimates

(Linit: S1000 USS)
. y | No.to . y No.
Fquipment '(-E]‘"‘;;lsl)y e.\:?s(l)i.ng l‘;:ﬂf?;d :\v‘a\i?:-.b!e .\‘:;g;‘d Pui?h';e\e d COL:.::E'E;“ Tolal Cost
Forklift 2-3 T 30 a1 [ 19§ wsen 122 | 64
Trucks 5-6 2 - 2 49 47(5T) 221 1,039
10 3 . 3 3 - - -
25 2 - 2 2 : - -
(Sub. Total)l  (1.563)
(Mobillerancs | 2.4 | 20 I - - .
10 s - 5 5 . - _

_ 30 . _ - s s 1528 1462
Poralwhal | 3 ) - | 1 - - -
Cranes 6 19 - 19 19 - - -
Whaf caanes | 1.5-3 i3 - 13 13 - - -

(SJb Toa) | (1462)
teaimg ] 0 | 2 | TV Ty a1 - - -
ifanes 100 B _ - i 1 45720 4572

(Sub. Totaly (1,572}

'__ TotalCost | 7,837
muic) Forklift trucks and nwobile cianes of mote than 10 and 15 years old cespectively are regarded asto

be condeminad,
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Table — V.2.3 'sii'n%';fm'r,i — Usgeint Plant

Cost _ .
ktem Upit | Qry f'“\.;ge‘ "T 3'h;: Farget Year Note
{1000 USSYH] (%)

.(‘on\ren{ionﬂ Berths e . o B
{Q ¥} (New Berth, Temporary) Berth | 1 - 1983 ‘Modified 10 CIng
KQ ( ) ! mpoy . : _ : . Berih after 1955
NGP #1 (Cargo Besth -» Ship Repalr Betih) | Berth 1 - 1983 - | Transfered to (.

- Cargo Mandling Equipment Sa_‘li 1 1337 10.7 §950 ¢
. Forkhift {31) (No) | 38) 6% '
Forkhilt (51} (No) (4?) {1,035
Mobile Crane (300 No) | (B} | (.62
Floating Crane (1001) No) | ( l} (4,512) _ _
Sub Total . 1531 | 107

Confainer Berth . Co . ) . T

QEQ £5 (Crane Foundatin, etc) = 1 2,193. 32 1981 ‘ ]
KQ =} (Bukhead, etc) Sei 1 "33gir 481 1983 ‘!ntludt‘_sconslwcti:-:
: o Cost for 250m of £
Dredzing 2880 4.1 1583
* Container Fquigment Set 1 13,7194 19.6 |198), 1983
{Contziners Crane) No.) 3 (2,051)
"(Straddle Carries) tNo) | 1 €3,520)
(Gthers) {Sct) ¥ 1,223}
Sub Total 52819 § 750
Rozd {2 Lases) ke § $7 3,524 22 1982 | 2Lanes, Dicksznd |
_ . Sidewalcs
Ergincering et | FATERNN IS Y'Y
Physical Centingency Set ¢ 6407 21
Gsand Total 70,458 100.0
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Fig. -- V.2.2 Layout of Kortcboam Container Tenminal (Usgent Plan)
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Fig. - V.2.3 Contaivier Crane
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Fig. — V.2.4 S!faddfc:(i‘a_rrier L

Fig. —v2s Pallet Sting




| Fi_g‘ - \_/.2.6 1.0_0' ton FIo:aling Crane
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