CHAPTER 3 STANDARD DESIGN OF STRUCTURES |

31 Types of Struclures

The port facilities which are urgmtiy rcqmred and Ila\e lo be cons!nlclcd or improved by
1983 as par{ of the de\elopment projecl of the Porl of C olombo are giv on bclow

® Cranc Foundation of the Queen lilfzabeth Qt’ié)’ i\_'o; S .
The possiblity of installing a' confainer crané on the cxisting quaywall and thus
transform the wharf into a conia-iné'r" beith <hall be examined. I it is impossible tg
install a container crane on the quaywall under present conditions, lhe necessary design
modifications for the wharf will be madc s :

@ Queen Elizabeth Quay No. 4 '
With the containerization of the total length of 300 in of the Queen Elizabety Quay,
part of the conlamer ¢rane rails, aboul 100 m ol' the tolal fength of 300 m, will ke
installed on lhe Queen Elizabeth Quay ‘Qo 4 aaotdmg to lhe containerization plan.
The quay\'.all of the Quéen Elizabeth Quay \}o 4isa concrete block-type, whichisa
different strrciual form from that of the Queen l:hzabelh Quay No. §. Engineering
examination will be made to determine if it is, p0551blc to mstall a comtainer ¢ran¢ on
siuch a concrete block-lype quay\.-.aﬂ

@ New Container Wharf
The standard dESI,gn of the quaywall (desrgn water depth 412 m), the bulkheads
(design waler’ deplh ~10 m and —7.5m), the conlainer crané foundation, and the pave-
ment of the marshalling yard are o be prepared for the new container wharf in the
water area in front of the Coaling Jetties.

3-2 Crane Foundation of the Queen Elizabeth Quay No. §

3-2-1 The Existing Queen Flizabeth Quay No. §

This quay was constructed as-an exlension of the Queen Elizabeth Quay No. 4 by
reclaming a length of 200 m and a width of 100 m on the port side of the South-West
Breakwater. The construction work was started in 1971 and was almost completed of the end of
1979. The Queen Elizabeth Quay No. S refers in this chapter {0 the newly extended quay having
a new quaywall struclure. As originally desigricd and constructed, this structure probably has
inadequate bearing capacity for a coni‘amer cfane, the deﬂgn must be modified if it is to be safely
used. :

The quaywall’s slrué(ural form isa type of cylindrical gravity-lype caisson quaywall (which
will be calted “cylinder”) as #lustrated in Fig-V.3.1. The cyhndu is cOmposcd of 18 concrete
cylmdncal blocks (refered to as a “segment”), each of an outer dnameler of 8.1 m, mmr dis-
meter of 6.9 m, height o 0.9 m, and weight of 24 tons, as shown’ m Fig -V 3.2.

In execuling the cylinder work, the segments were stacked ovet the previously Feveld
seabed, to form a unitary cylinder. Whén the clevation of the cylmders profiuded from the sed
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surface, the inside of ihe cy!mdc: was dredged with a grab, and the cylinder was settled to the
bearing layer by its own weight. 40 verlical holes were fabricated within the wall of the ¢y

linders;
30 holes wete filled with underwater concrete 1o unite each scgmen

t, and the remaining 20 holes
were filled with sand. The inside space of the cylinder is also filled with dredged sand. The design

depih of the cylindei bottom i is —15. 6 m. _

The central ‘axis of the crane beam, which is constructed over the cylinder for the quay legs
of the container ‘crane, is located in a position 4.2 m away from the berthing plane, and this
position is 0.45 m seaward of the central axis of the cylinder. Transfer beams for conveying
the load of the container crane to the cylinders are constructed at an interval of 4.35 m, two
on each »ylmder l)»sngn of the bean is made tentatively for the container cfane specified in
Table-V.3.1. But, the foundation work for the shore legs of the container crane is not yet carried
out. Il wn!l be exccuted after the specifications fo the container crane are determined. Fig.-V.3.3
shows a de:ign drawing of the beam prepared by the Sri Lanka Ports Authority,

fn the Queen Elizabeth Quay No. S, a total of 28 cylinders are used; every two cylinders are

LOHIM.\.[(‘d by a pOS( tenswned concrefe tie beam lo a third anchor cylinder, as shown in
Fig-V.3. 4 and hg -V.3.5.

322 Sl:;fbilily Analysis of Cylinder for the Container Crane

~ In order to examine the bearing capacily and the stability against diding and tusn-over of

the cylinder when it supports the quay leg of the container crane, calculations was made under
the followmg condnhonr

(1) Conditions Used in Calcutation
a) Load
Container crane: Tables-V.3.1 and V.3.2
' Surchargc: 3.01/m?
b) " Verlical force from the containér crane
" Wheel load duiing operation: 100% increase of the erane maximum wheel pressure
:¢). - Horizontal force from the container crane
- During operation: 1072 of the maximum crane wheel pressure is applied fo the
crancheam at a right angle to the direction of movement of the crane.
d)  Tidallevels: 40.72m HWOST
10.00m LWOST

c)r‘ Reszidual water level: (40 24m
1} Soil conditions

* Back filt matesial:
Sand fill; 2. 7m ~ 10.24m, 6=30", y=1.81/m>
Sand fill; 10 2M44m ~ - 15.6m, 6=30°, 4= 1L.0tfm?
- Existing scabed in froat of the cylinder
Sand; —12.6m ~ - 15.61, $=30", 7 =1.04/m*
g)  Water depth in front of the cytinder: —~$2.6m
h)  Bulk density of concrele cytinder: 2.30t/m?
i} Bulk density of concrele beam and coping: 2451w
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3)

©e 0

P Safety factor of the anchor: 2.5

k)  Design seismic coclficient: Q- -

1) Cocfiicient of friction at the cylinder boltom: p=0.58

m)  Angle of friction at the cylinder wall: §=15°

n}_ Critical wind velocity for operation of the contmner crané: 16mfsce
o)  Wind velocity during storm:  S0m/fsec ' ' ‘

Assumplions Used in Calculation
@  Sand fill in the cylinders behaves in One unll and the cylmder is ngardcd as a rigid wall
as a whole.
Farth' pressure actmg on llze cylmder is diretted toward the central axis of ihe cylinder.
Any change of the buoyaricy and the c;hnder \h.ight due’ to tilting of lhc cylmdcr .
_ dmegarded
.t\ny decrease of the area in the bol(om due to llllmg of the uylmder is dlsregardtd
Stability analysis on a smgle cylindér is made independently of conlmuous quaywall.

Results of Calculation : L

The analysis of the bearing capacity of the cylinders shows that this désign is inade-
quale as construcied, and will probaljly fai! under load. Calculation confirmed that with the
container crane placed over the cylinder, the safety factors of the cylinder against sliding,
tuntover and bulging of the embedment of the cylinder would be more than 1.2, 1.2 and
1.5 respectively. However, with respect to the beaning r:apac:ly of the cylmder it was found
doubiful whether a base layer could suffcunlly bear and safely suppoit the 1oad of the
container crane,

Fig.-V.3.6 shows the N-value by standard pe'nettation tést onlarmind the Qucen Eliza-
beth Quay Na. 5 and the design ctoss-section of the cylinder. Accoiding to the drawing, the
possibility of the cylinder bo!lom bemg located in a layer with N- value of 9to 10isvery
high, and it seems likely that the cylinder loaded with the confainer crane will cause a soil

Failure in this tayer. The analysis on the bearing capacuty of the cylinder wifl be discussed in
detail below. o

1) Externat Force due to a Confainer Crane
a)} During Operataon i
Table-V.3.1 <hcms the spee:ﬁcahon ol‘ !he conlainer crang \shuh the Sri Lanka Ports
Authority used in the design of the beams Table-V.3.2 shows the sPeuﬁLalmns of the
lypical container ¢ranes used at the container terminals in Jap:m_. From these tables,
the réiationships‘ between the gross weight of the co'nlaine'r'crane and the maximum
wheel load is given as shown in Fig.-V3.7. The maximtini “heel load ol‘the quay leg at
38.2t/wheel and that of the shore leg at 32. 4Slwhed are oblained. l! is, of course,
obvious that the mmumum wheel load of the quay leg and shore leg differ by the type
of conlainet cfane, bul so long .as the foregoing vatues are employed, they ase
compatible with those for Lonlamer crancs genefally used.
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b) _Dil ring Sldrm

Fig-V.3.8 is a diagrammatic representation of Table-V.3.2 of the maximum wheel load
durmg storm. A maximum wind velocily of SOm/sec is assumed in Fig.-V.3.8. The

- maximum wind velocny in the Port of Colombo is 3I8mfsec (50-year wind) as described
~'in I-2 Natural Conditions, and the maximum wheel load of the quay leg of thé crane
~ during storm is less by 2.3¢/wheel than that during operation, as shown in Fig.-V.3.8.

“Fhus, it is sufllclenl to analize the slability of the cylinder during operation, and

assume that this stability also applics to storm conditions.

Toe Pressuze at Cylindes Fosefoot
a)" During operation
Tht_’, toe pressure at the forefool of the cylinder boltom obtained under the conditions
stated in V-3-2-2 (1) is shown in Fig-V3.9. In the drawing, a container crane
with ‘an 8 wheclfleg has greater toe préssure than that with a 6 wheelfleg due to the
influence valtue of the vertical load conveyed to the cylinder through the tsansfer
beams A and B. This was oblained by taking the crane beam as an infinite span, thus
the valve is greates for an 8 wheelfleg than a 6 wheeljleg crane as shown in Fig.-V.3.10.
Whea a genérally Used container crane s installed on the cylinder, a toe pressure of
139.3tfm? to 41.61/m? is generated.
n E\(ammahon of the Bearing Capacity
Figs. -V.3.11(a) and V.3.11(b) show the allowable bearing capacily in the cases of the
cylindes being based on a clay and a sand layer. The allowable bearing capacities q,
are ca!culal_ed by the following formulas:
Ca,= N , +mbp (fm?)  (Clay)
1 2
q,= -l—; .(ﬁ"n BNT+ s Dqu) + 7, D, {ifm?) (Sand)
where:

N Nq a:nd'i"«!1r . Coeflicients of bearing vapacily

F, = Safety factor, 3
'7. and v, : Bulk density 1.0t/m?
c: Cohesion (in tfm?), assumed to be constant in the foundation subgrade

¢ : Internal friction angle (in degre?), assurned to beé constant in the foundation
subgrade

B .- Sh'a;ié factos of the foundation, circular, 0.3

FigsiV.3.11 (2) and V.3.11 (b) show the relationships belween ¢, ¢ and the N-value

‘oblained through the following fomulas:
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Sand
¢ = 1IN+1s, Poor gtéd_ilmg and r"o.und'pa'i'licle
¢ = \ﬁﬁ f-:gg,:dwen gr:':éihé and angular p‘;arlic;l.ta |
¢. = Ji2N 2\ +720, Well grading and Touid pa[tlc’t '

Poor gradmg and angula: paltlcle

Figs-V.3.11(a) and V.3.11(b) indicé'te'lhe: N- value‘s df'lhe‘ layer to. be réﬁui;ed to
resist the toe pressure at the bottom of the cylmder “The N-yalues reqmred for insiaYation
of the container ¢fane on Ihe cylmder are: :

IFor clay layer;  Nwvalue, 21-22
* Forsand layer; N-alue 15-16 (poor gradmg and angular parmles, or

well gradmg and round pastlc!es)
N-value 2829 (Poor g:admg and round particles)

On the other hand, the soit survey gave N-vahue of 9'to !0 for the clayey sand layer
atfaround the cylindes bottom, as shown in Fig-V.3.6. A¢cording to the iemfd of the actual
cylinder work, the number of segments used for the respective cylinders is 18, excepl the
cylinder No. 9, which tilted during the construction work. Between the lespeéli_ve sqg:nenls,

- arope is placed as a seal material to prevent flow-out of the sand fiHl so that the depth of the
bottom from the crown of each cyiinder is 18.75m al best wilh such seal ldkénintd account.
Tha depth of the clayey sand layer of the N- value of 9 to 10 from the crown goes down to a
maximum of 20.60m, thus, the cylinder bottom is reshng in a layer of weak clayey sand,
abou_! 1.85m shalfower than the required depth. In order to install a container crane on the
Queen Etizabeth Quay No. 5, improvement work will be required.

. -

3-2-3 Improvement Work of lhe'Quceh Elizabeth Quay No.$

For reinforcement or improvement of the Queen Fllzabeth Quay \70 S lhe following two
micthods may be cons;dered !

® Construclion of pile foundations for the suppoit of the crane load
@ Improvement of the subsoit below the éylgildgf .bol(om to s'uppoﬂ the c;auc Toad.

Upon comparison ol‘ these mclhods with each other, method G) .was l‘ound to bc bulhr
because the effect is reluab?e the work period is shorler and conslnu.uon W ork is ¢asy. -
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i lgs V.3, 12(3) and V.3.12b) show the quaywall of the Queen Elizabeth Quay No.S after
;mpm‘-el“e“( The slr.ught piles driven into the cylinder connected to the batter piles on the
“shore side by means of wire tics having the characteristics shown in Table- V.3.3, sin¢e horizontal
resistance of the pll\s are not sufficient. The safety factor of (he wire ties have a value of 5 or
more for the tensile load. Vor the other design conditions, the same conditions in V-3-2-2 (1
are used,

With respect to whether the sail span of the container crane should be 16m or 24m, the

conclusion that shorter span would be prefesrable in that the wire ties were used for the im prove-
ment \;-.-o;ks- Thus, rail span of 16m is employed.

3-3 Ceanie Foundaﬁon'o_f the Qucén Elizabeth Quay No. 4
3-3-1 The Existing Queen Elizabeth Quay No. 4

Fig-V.3.13 ‘shows a typical cross-section of the quaywall (called “block work™ below) of
the Queen Elizabeth Quay No. 4. The block woik is a concrete block-1ype gravity quaywall, with
a bottom de’plh ql' 1 1.4m, which is shallowes than the cylinder bottont depth at —15.6m of the
Queen [izabeth Quay No. 5. A rubble base with a minimum thickness of 1.2m is provided
beacath the boltom of the block work. When the crane rails are exfended from the Queen
Elizabeth Quay No._ 5, the rail for the quay leg of the crane is located on the shore side 0.75m

" away from the centsal axis of the block work.

3-3-2 S'labil.ily Analysis of the Block Work for a Containér Crane

Under conditions similar to those described in V-3-2-2 (1), the toe pressures were calculated
at the bottom of the block work and that of the rubble base. The results are shown in Fig-
V.3.14. The toe pnssun decreases with ‘increasing maximum wheel loadmo because the line of
force of the conlainer crane is located to'.\ard the shore side from the central axis of the block
work, and the degree of ¢ccenlricily of the total load at the botfom of the block work is reduced.

Figs.-V.3. Iﬁ(a)‘an'd' V.3-15(b) show the curves of allowable bearing capacity q, versus
tOhC‘-lOﬂ . OF mtemal friction 3ngk O versus N-wvalue, obtained for the block work shown in

l!.,*\' 13 lrom l;g-,-\' 15¢a) and V.3.15(b), the N-values allowing installation of the
container crané on the block work are:

For clay layer; N-vahie - 32-33
For sand Layer; Navalue - 1819 (Poor grading and angular particles, or well

. grading and sound particles)
© Naalue  33-34 (Poor grading and round particles)

333 Foasibilif)’ of the Queen Elizabeth Quay No. 4 for a Container Quay

The soil survey alfacound the Queen Elizabeth Quay No. 4 found that the clayey sand layer
wilh N-value of 14 was present al a depth of - 15.50m to --16.60m, so that it is impossible to
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place a container crane on the block work wider present conditions. !f a 300m conlainer berih is
desired, improvements must bé inade fof aboul 100m of the block work. Howeéver, as shown i in
Fig.-V.3.13, the b!o‘.k work is'a stricture of concrefe blocks so that the iinprovenient work js
more difficull compared to that of the eylinder of Queen Elizabeth Qua) ‘No. 5. lmllm
though there may be disadvantages in operation of a 200m berih length, n‘duad from 300,
a 200m Icmg berth is sufficient for container handlmg Thus, it was decided that no contamu
crane would be placed on the block work of the Queen Elizabeth Qua) No. 4.

3;4 New Container Wharf

" The standard designs of structures on the new container whasf are for a caisson-lype quay-
wall (design depth —12in) bu!kﬁeads (design depth —10m and —~7.5m), container crane founda-
tion, and pa\;emenl of the conlainer yard. The gravity-type quaywall is a better stntcture for the
Urgent Plan, as desgribed in V-4-2, so that this type of quaywalls is used.

(1} Caisson-Type Quay“all {design depih :—llm) . :
Figs-V.3.16{a) and V.3.16(b) show a cross-section of lhc qua} \xal] of the new container
wharf and a plane view of the quaywall. The conditions used in design are as follows:

2)  Design water depth: —12m LWOST
b) Tidallevels: HWOST +0.72m
LWOST +0.00m
¢) Work datum fevel: 30 LWOST
d)} Crown height: 42. 7m LW OST
e} Design loads: _ _
Uniform load, 3.0t/m? (Stack of 3 containers)
Contairier crane foad, 38.2 t/wheel for quay leg

Provided that the vestical whee} load duting operation is a 1075 incéease in
the ma!umum crane wheel load, and the honzonla! 1oad during operation is

a 107% of the crane maximum wheel load in a nghl angle dnechon to the
crane traveling direction..

) Critical wind velocity during opetation: tom/fsec
2}  Wind velocity duving stonn: SOmISr:c
h)  Residual waterlevel: #0.24m LWOST
i) . Soil conditions: Rock below —15m LWOST .~
J)  Speecific gravily of reinforced concrete: 2.45 t/m?
k) Coefficient of friction: 0.6 ' '
1}  Safety factor: -
Siding - 1.2
- Tufn-over 1.2 - : -
Bearing capacity against eccenltricload  1.% s
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m) Allowable to¢ pressure: 50 t/m?
n) - Desiga seismic coelficient: 0

N Bulkhead {design \-.ater deplh — 10m)

A typ:czﬂ cross-sectional view of the bulkhead at the Korteboam Quay and a plane view of
(hie vaisson ase shown in Figs.-V. 3.47(a) and V.3. 17(b). Design conditions are as follows:
a) - Design water depth:  —10m LWOST
b) Craneload: Not applied on this bulkhead
¢) Soil condition: Rock below - 13m LWOST
and olhcr design conditions ar¢ the same with those in V-3-2-4 (1).

3 Bulkhead (design water depth ~7.5m)

In Figs-V.3.18(a) and V.3.18(b) are shown a typical cross-sectionzl view of the bulkhead

and a plane view of the¢ caisson. The design conditions are the same with those in V-3-2-4(2),
excepl the design wates depth of —7.5m.

(1) Container Cranc Foundation during Storm

For the foundation supporling the quay leg of the container crane, it is nol required to
construct a particular strucluse, as stated in V-3-2-2. For lhe foundation on the shore Ieg of the
container crane, the pile foundation used on the land side shall be a batter pile driven at an
angle of 15° as shown in Fig.-V.3.16(b). According lo the maxinum wind velocily 38 mfsec
{50-year wind) in the Port of Colombo, the wind load shall be calculated after determination of

the crane specification, and the detail design of the foundahon conforming to such wind load
shall be made.

(5) Pavenient of the Container Yard

Pavement of the container vard shall be of heavy pavement of asphalt conceete over the
wholé surface of the yard. In design of the pavement, the wheel load should be determined wpon
estination of the passing {raffic in the container yard. But, as these are many faclors that are not
determinable at present, such as types of the container ships calling, time schedule, kinds and
quanlities of the cargoes, ratio of sla\kmg, and method of aperation by the users of the con-
tainer yard, the desizn shall be made with a desizn wheel load of 13t, similar to the asphalt con-
crele pa\um‘m of the Ohi (‘on(amcr Terminal, the Port of Tokyo, Japan. For the design CBR, a
value of 2.5% was employed to suit the uncompacted subsoit reclaimed with dredged sand.
Fig-V3.19 shows a cross-section of the pavement. For the subgrade, crushed stone will be
used in a thickness of SOcm, and the susface, intermediate and base layers shall be of bituminous
pavement, cach Scmin thickness.

The pavement of the container yards of the Queen l:hmbelh Quay Nos. 4 and § should have
2 surface layer and an inte muediate layer kid oa the existing pavement, cach in a thickness of
Sem, as itlustrated in Fig.-V.3.20.



3-5 FEstablishment of Soil Suivey System
In order to establish a soil survey system in the Sri Lanka Ports Authority, at least a'boring

machine and some field test equipments will be necessary. Table-V.3.4 shows a unit of soit SHIvey
equipment and their cast. ' :
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Table -- V.3.1 Specification of"Container Crane uscd in Design

© Specification

Holst sp«.ed

* Main travel

Loniamer size

“: Cross Lrave] -

Boom hoist (lir;-n:)

Track width

Conlamer capaclly (l'ull) lo:uled)

3] mns

100 (I2Zm)

150fpm, { 45.7mpm)

lZOfpm ( 366mpm}

Sﬁt}l'pm {1524 mpm)

" Overall hcaghl (folded boom)

Working reach of boom over s.h:p

MaXimusm wheel !oadmg quay leg

Maximum whezl loading, shore leg

' Crane \\'eighl

7% min.
50'0" ( 1524m)

2150 ( 656m)

HOO"  ( 335m)

345 tons)‘ wheel

30 6 h_-ns{ wheel

Rating: Thiscraneis pmndtd with Class 4, extia Peak) duty fqmpmenl
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Table — V.3.3 Specification of Tie Wire Rape

Diameter Standard cm‘ss—ise'c'lion Ultimate strength Weight

(o) _aea(mm’) (extension) (1) (kz/m)

52 _ 1,380 221 127

Table - V.34 Soit Investigation Equipments and Cosls
. (Unit: USS)

No Arlicles Quantity Price

1 T(éilet mounted diill for geological survey 1 set ' 16,000
Capacity; 180 m with 40.5 mm drill sods
160 m with AW dsill rods
Powerunit; Watercooled diesel engine,
hand starling, 4 cycle,
- 9 P$f2,200 rpm
. Bitspeeds; + 135 - 270 — 560 1pm
‘ - Mast, Trailer, Rod rack

2 Mud mixer with powzr unit ¥ set 1,650
3 | Dl rods with coupling 1 st 650
4 Soil sampling équipment I set 1,200
5 Undistusbed soil sampler 1 set 700
6 | Guide pipe & stasting bit I set 600
T lo_“"uing & Lifling equipment 1 set 450
8 Coring equipment (Size 86) 1521 400
9 Coring equipment (Size £46) ¥ sel 800
10§ Standard penciration testing equipment 1 set 750
11| Fishingequipent I set 550
12 3!is&l!éne0us tools I set 850
7 Tolal o 24,630




Fig. - V.3.1 Cylinder
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- Fig. - ¥.3.2 Segment
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Fig. — V.3.5 Anchor Cylindet
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Fig. — V.3.6 N-Value around the Cylinder Bottom
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Meximum whaa! feading during speration (tiwhsel)
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Fig. — V.3.7 Grane Weight versus Wheel Losd during Operation
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- Maximuen wheot loading during storm (tiwheel)
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Fig. - V.3.8 Crane Weight versus Wheel Load during Storm
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Toe prossucs {t/m?)
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Fig. -- V.3.9' Crane Wheel Load versus Toe Pressuse
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Influence value

Fig. - V.3.10 Influchce Value
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Allowalle hageing cadacity Qg Lt/m?)

N'Value

100

30

40

Fig

.~ V.3.1Ha) Allowable Bearing Capacity versus N-Vatue (Clay)
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N=Vaslue

Allowable baaring copec ty a8 (t/m?)

Fig. = V.3.11{b) Allowable Bearing Capacity versus N-Vatue (Sand)
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Fig. — V.3.12(b) Plané of Cylinder Improvement
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Fig. = V.3.13 Block'Work - -
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Figi— V.3.14 Crane Whee! Load versas Reactions of Foundation
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Allgwanie bearing capatity dy (t/m?)
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Fig. — V.3.15(a} Allowable Bearing Capacity versus N-Vatue (Clay)
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Allowable Deating Capacity gg (t/m?)
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Fig. — V.3.19 Pavement for KQ Container Yard
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CHAPTER 4 CONSTRUCTION PLAN

Civil engincering works included in the Usgent Plan consisfs of 1hé c_oh!:sincrizali_on of a 200
meter section of the Quedn’ Elizabeth Quay No. 5, construction of the $50-meter Korleboam
Terminal, comprising a 300- meter-long conlauur berth and 25&1\1c-tcr-10ng conventional besth,
and refated works lmludmg dredgmg of the por! basin (—12m) and i ftiprov ement of the porl road

systent. '

Containerization work of the Queen Itizabeth Quay aims at comf-lding a 200 meter sedtion
of quaywall for —12m, with the targel year for opening sét at 1982. The Korteboam tcnmnal
with a tolal length of $50-metess and the atongside depth of —12m, w:ll be consimcted witli the
targel year for senvice set at 1984. The container crane rail and its foundallon works over
250-meter-long conventional berth wilt be ew-.uted in the Urgenl Phan, in order to avoid any
re-execution in fulure extension of the mntmner berlh i the Master Plan.

It is desirable to cc»mpletef the port road improvement as early as possible to be ready for thie
containesization of the Queen Flizabelh Quay. As the road wosk will afiect existing buildings, a 2
year period is allocated for the completion of the works, by 1983, The ioédx’y;iy will have two
lanes. Locations of the works are shown in Fig.-V.4.1. '

4-1 Basic Concept and Methods of Construction of Majbi Facilities

4-1-1 Containerization of the Queen Elizabeth Quay

The construction of the 200-meter-tong quaywali of the Queen Lhzabelh Qua) NO. 5 was
~com pleted as a national project of Sri Lanka. The proposed containerization works will consist of
building a new foundation for container crane rails and of providmg a container yard behind it.
The work for crane rail foundation is comptised mainly of driving steel pipc piles and placing
concrete beams, all of which will be perl‘ormed on the shore. The coniainer yard construction

work is comprised mainty of perfomnng an intensive paving work over the existing pavement
foundation, to permit lhe passage of heavy vehicles.

4-1-2 Construction of the Korteboam Quay

As the Korteboam Quay will be construcied at a site where the bedrock appears at shallow
depths, a caisson type quay is adopled. _

Sufficienl seawater calmness is maintained for the work, since the Korleboan Quay is
located in the Port of Colombo. !lo“e\cf full pncaulions will be necessary because of possible
overlapping between construction work and ordmar) cargo handlmg woik in the Port.
Parl:cularly, it seems difficult to secure the space for a construction camp. A ¢aisson yard is
necessary for producing caissons, but shoreline for constructing such a yard is not availabl? so
that a Noating dock will be used. As the caisson production must be done with high accuracy and
efliciency, it is desirable to utilize a part of the quaywall or revetment for the Moating dock lo
provide the fullest supporls required. The idea of using the existing quaywall has to be discarded
as port facilities are fully utilized at present.

~322--



The floating dock will in the beginning be anchored in front of the Coaling Jetties with
“depth to —8m, to manufacture caissons for the south revetment of the Korteboam Quay (about
300-meter-long). .o\t_“ ter the completion of the south revetinent and the backfilling of stones there,
the floating dock will be moored and fixed to it to prbduce caissons for the north revetment and
quaywall Caissons uscd for the south revetment are of sizes that can be re-used for the exccution
of the Mastcr Plan in the fulure
_ Catssons shall be instalted beginning with the south revetment, followed by the north
'ruetment and ‘the —312m-quaywall; the ~_l2mquaywail will be started from the north.
Rcclamahon work shall be stasted from the north witheut waiting for the completion of the
instalfation of all caissons for the —12m-quaywall. Upon complehon of reclamation in the arca
behind the no_ﬂhem 300-meter section of the --12m-quaywall, the paving work will be started as
soon as the subbase is stabitized.

' Con'sln‘nt_tioﬂ methods of major works are described in Fig.-V.4.2.

Fig. — V.4.2 Construction of Caisson Type Quaywall

(1) | Excavation of foundation lay_er_l' ' | (3') Caigson production
(2) Ripréﬁ::t;rk & leveling (4}t Caisson launching
for foundation ' o J

(5) | caisson installation

R s

(6) | Filling sand, back filling stones

T —

-

(1) |Concrete cover, concrete coping
L e _—.——l-——.-

(8) | Dredging and reclamationJ
(9 |crane foundation ] :

(10} | Pav lng ‘I

(1) The scaboltom foundation will be excavated by a grab dtedger with capacity of about 2 m3,
and the spml dmosmd toa reclamahon aréa usmb dunp bajges.

(‘2} ‘Rubblestone \\’lil b Iransportxd by dump lmc‘ks I'mm '\lahara and l]aplsgahakanda located
13 miles 1o the nor(hﬁst of Colonibo, brought to the (‘oalmglelms in the Poit, and dmharbed
bya S\lf—pmp{'lhd barge with geab. Leveling of mbbhsmne surface will be performed by divess.
‘Thc surface on which the caisson is (o be installed must be leveled with Spu.ial care,
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{3) - The first 16 caissons will be manul‘adund on two (2, SOO ton’ class) floating docks anchored
at a water depth of —8.0m in l:ont of the (mlmg Jetties. Conerete forms and mnforcmg bars
will be lmnsporkd by pontoons from the (‘oalmg fetlies and conérete poured by floating
concrete mmra (‘alsmns pmdu-.ed at the sea will be used for thé sOulh revelment., And the
remaining 59 caissons will be produced on (wo lroatmg docks, ullhzmg the south revelment.

Materials for caissons can be dlrcctty Iransporl;d by overtand vehicles from the (‘oaluig Jetties to
the south revetment using the Access Road built on the mbbl«.stone The fu sh concrete will be
transported from the concrete plant by an ag:talmg truck, thén pumped and poured by con-
crete punmp tincks. In addition, for the pnrpose of lowering occupancy rate for each caisson of
the ﬂoadmg dock, and to increase construction speed, jointing on sea will also be adopied on the
submenged rubble mount.. ' )

(4)¥3) Upon comp!et:on of caissons, the waler in the caisson will be drained to bring it aﬂoat
from the undeswater mound, the caisson will b2 tow ed by tugboat 10 the location of snslallatlon
and sunk into position by Nilling with water. :

(6) Sea sand for the caisson fill will be coliccted by a self-propelted barge with grab feom the
mouth of the Kerani River, and pburéd into the caisson immediately after its installation.
Backfilling rubble will be placed in position by a self-propelled barge with gtab the stones
previously stockpiled at the Coaling Jetties.

{1 Concrete for the cover and the coping will be transported and poured by agitating trucks.
The concrete for the coping will be poured after the reclamation work is completed, and after
confirmation of caisson settlement.

{8) The rectamation fill wilt be discharged directly fo the sife, as showa in Fig-V.4.1, using a
4,000-HP pump dredger, floating discharge pipes and submarine plp;s A splllway mll be
provided near the comer of the south revetment and —12m-quaywall.

(9) Since the seaside crane rail is to be installed on the coping concrete of the caissons, special
attention should be paid to the close relationship between the rait and eoping concicte
ptacement. For the landside crane foundation, steel pipe piles should be driven into the rechimed
ground and beam concrete be placed. ‘

(10) Asphalt concrete will be used for pavement.

4-1-3 Censtruction of Port Road Syslem

The road neiwork of the Port should be built with 10 meter wide 2-lan2 roads, and
connected wnh the inland (ruck road at the rear of the Colombo Dockyard Ltd.. However, itis
important to exemse special care in the transfer and demolition of existing bmld;ngs in the Port.
Two tunncls ate to be built in connection with this road construction work. In addition to the

poinls’ menhoned above, the widening of the road to 4- lanes in the future should be also !aken
into consideration in establishing the optimum routing.:
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S_ihc¢ the pa\.’i‘ng is l_d be performed on the existing subbase and many existing roads can also
be ul_iliz_cd, a relatively tight subbase course may be adopted.

4- l 4 I)r dgmg of Port Basin

The present wates depth of —10.0 m to -11.0 m in the basin will be increased to --12.0 m
to maltch the 'completed new container terminal. The estimated total amount of dredged spoil is
1,500,000 m*, This amount will be excavated by dredgers owned by the Colonibo Port Com-

mission in a three year period from 1981 to 1983. Only the quahty spoil should be discharged
to the reclamation area and the rest be disposed of outside the Port.

4-2 | Worksite Cain p

The worksite for the caisson {ype quaywall should be localed with due consideration given
to the caisson yard, conerete plant and storage of stone. Shown in Fig.-V.4.3 is the layout of the
camp whea the south revetment is used as the caisson yard. A considerable amount of stone (to
60,000 m?) 'wiil be sequired for the access road, foundation and backfilling work in the early
stage of the work. For this reason, a land space greater than 20{) m ¥ 150 m will have to be
seuued for the lempo:ary storage of stones.

It is assumed that construction craft “orkmg oulside lhe Porl will take refuge in the port
basin during rough weather.

Minor repair of constmc!ion crafts and equipment will be pe;for'med at facilities available
in the Port.

Though the majonly of caissons will be manufactured on the floating docks; a 1,200-ton
slup @ shown in Fig-V.4.3 can be utilized for speeding up the completion of the south
revetment of the Korteboam Quay. The New Boat House shown in Fig-V.4. 3@ is an impostant

e\uslmg facility that can be utilized for stonng and fabricating of concrete forms and reml‘omng
bars. '

4-3 Construction Materials, Equipment and Crafts
4-3-1 Coiisiruc!idn -.\faleﬁals

The quantitics of main construction materials are shown in Table-V.4.1. Though a suflicient
amounl of cemenl is expected to be produced in Sri Lanka (about 40,(}00 tons/month),
procurement from abroad has been considered since large projects, including “Mahaweli” are
presently on-going. Thiough approximately 400,000 tons of rubble stones are expected from the
quarry in Mahara district owned by the _(‘olo:nbo Porl Comniission, a new quasty will have to be
opened as the quantity mentioned above will be insufficient for the Project. There is a smalt
quarcy owned by a private fitm in Hapugahakanda districl. There are many prospective quarry
sites’ which would be able to produce quality stones in this district, and the roads are well
mamlamed because of the presenc-. ‘of an oil refinery. A quarry ha\mg a capacity of 400, 000 tons
should be developed in this district to supply stones for the Port of Colombo. llowever,
equipment and trucks necessary for culting out and transporting stones will have 1o be procuted
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from abroad as a shortage of this equipnient is ‘expected !}écallse the quarsy opération in Si
Lanka is small in scale. Special mﬂtiials such as 's!eél and mbber will also be procured from
abroad. In addition, materials requising high accuracy in construction such as l‘orms and smflo!d>
needed for the caisson productmn will also be procused from abroad. '

4-3:2 Conslru:ctim{ Equip’mcnt and C!aﬁs

- A number of construction crafts are owned: by the Colombo POrt Cmnnnsswn for ‘the
maintenance and operation of port facilities and for the c‘argo handlmg operation.’ Principal
particulars of crafls owned by the Porl are shown in Table-V.4.2. As these crafts are fully
mobitized for daily operations and cargo handhng, it would scem very difficult to use them
exclusively for the constritction work of the Project. However, the towage and tmnsporlahon of
the crafts from abroad would necessitate considerable expendlture sesulting m an mcnase ‘of the
overall eonsfruction - cosl. Thus, l'loalmg equlpment and speual craﬂs lhal will be used

“continuously for a long perlod of time in construction \\orks will be Lhartered and !r:msport\d

from Singapore, while crafts required (emporanly, I‘or se\eral nonths; will be secured from the
Port of Colombo. ' ' o

Of the onshore ma‘_hmery inzcks necessary for transporhng stonies afe in shoit supply and
the number avallable for the ijed is limited, so that the majority of them will be procuad
from abroad. Special purpose vehicles and concrefe plants will also be procured from abmad

* Major crafits and equipment to be used are showan in Table- \' 4.3.

4-4 Conslruction Plan

4-4-1 Days of Operation

1)) Woxk 0uis:de the Porl

The Port of Colombo faces the Indian OLean the v.orks w:ll be gnally affected by wmd
waves coming from the west. Taking the wave hights (Im, 50 cm) that will affect the
constnuction crafls as parameters, the frequency of mcunence of suxh wa\.es b)' monlh is <\110\-.n
in Table-V.4.4 (refer to [-2-2 “Natusal Conditions™).

The work to be performed outside the Post consists mainly of the collechon of filling sand
by self- propelled grab, barges and of reclamation Fill by thc pump. dfl?dgtr “The hlghesl
waves under which the work is possible is 50 em and 1.O0m maximum, réspectively. The former
work being associated with the installation of caissons, will have (o be done once peor day over
several days. As the sand is partially available from the Port, these shall be no problem ouiside
the Porl with the annual average calmness (50 em max. )of 64%. As the latier \w.ork col!echon of
‘reclamation fill, must be done continuously outside the Port, the calmness will greatly affect the
work. .r\ccordmg to the construction schedule {Tablc—\’.4 5), the nclamalmn work i3 lo b
conducted belween December and July, dunng which ‘June and July may ha\'e stomy weather.
Though it is possible to colle¢t certain amount of sand front: parl 01' the port basin after an
investigation of bottom malcnals not much can be ex;x'c(ed as'the rock stratum may appear al
the depth of --15m. Thus Ihe work oulside the Port will be pcrl'ormcd mamly by a Iarge pump
‘ dredger that is capab!e of warking with wind waves.
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Shown below are the average annual rate of operalion of the dredger:

O Number of non-operational days due to wind waves:
. a=30days x 0.18% 6 days/month
-0 Number of days necessary for periodic repairing:
b = 2 daysfmonlth
O Numbsér of operational days:

30 days — 2 days — 6 days = 22 days/month

| (2) Work in Porl and on Shore

“As the work in Port and on shon will be performed in the Port area, they will not be
affected by wa\e& Strong winds al'fectmg the work will nol blow continuously, and the rainfall

will be about the same as the wind. Thus, the number of ope rational days will be 24 days[monlh
exchuding $ hotidays and 1 day for repairs.

4-4-2 Construclion Schedule

The Co:aﬁtniclién schedule for the major facilities is shown in Table-V.4.5. The schedule
shows that services shall begin in 1982 for the Queen Efizabeth Quay Container Terminal and in
1984 for the Korteboam Terminal. Because of the fimited construction period, the paving work

on the Korteboam Quay will be started from the north side of the container terminal before the
completion of the reclamation work. '
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Table -~ V4.1 Major Construction Matcrials :

R

Lo  Supply _
Material ftem Unit Quantity ~ §: oo o — Remadk
' -} Fortign Lo¢al :
Sand, Stone | Stone m? 260,000 ' O Rubblestone, backﬁi!i;;
& o stone
Cement | Fiting sand m 90,000 - o Caisson filling
Reclamation fitl m? 1,800,000 O : : Co .
Cement t 12,000 (o) Caiston, Crane beam
Fine aggregate t 27000 o Same 35 above
Coarse aggrepate | 1 19000 . o
Steel Steel pipe pile | No. 20 | o 07112, 112,
Rail n {400 'e) (€=17~24 m)
Reinforcingbars | 1 2900 | O 75 kefm:
Others Steal forms Q ' .
Scaffolds e
Fuel - o -
g}aan‘d protection o
Rubbet fender 1 O
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" Table — V.4.2 (b) Ships Owned by P(C)C

Type Total In Commission ~ Under tephits.
Lighters 298 42 156
Tugs 1S 8 T
' Launches 27 9 18-
Passenger Clallts 8 5 3
Table - V.4.2 {¢) Tugboats Owned by CPC
Towing Tugs Condition
{1) . Kanchadeva 1961 - Fngines . '" i need .
Widdop 215 1P ull nezds repairs
() Pussadeva 1961 - Widdop Not in good condition
2T51P
{3) . Velusumana 1965 — Crosshy Engine needs repairs
26011 ERN S
(4) Madnwa 1965 — Listec Good condition
Blackbore —  250HP
(S) - Thessputiabaya — 1968 -

C}ossb)'
3751P — HRNS

Hull needs repairs

Generally good -

—

Type

Lifting Capacity

Qixaniily

Tablg -V4.2 :(d)' Onshore Construction Machinery Owned by CPC

—

Truck Cranés

301¢

121

10t
7
61

“QCrawler Cranes

301
201
131

'---uww-u-e
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Table - V.4.3 List of Crafts and Equipment to be used

- Equipment
) :Grab‘ dredger
) I}Jrge ;
“Tugbosts

.

Self-propetled barge with grab
 Floating docks

| Divers® boals

. Pumg dredger

+ Anchor barge

" Froating concsete mixer
" Tractor shovels

_ Dump trucks -

" Concrete mix trueks

" Concrele punip trucks

1 Truck ceanes

! Pile deiver

~ Concrete phant

- 250 ps and under

Capacity

2m? Jgrab
300 m?

250 ps and above
350 m? in capacity
2,500t

4,000 ps

23m?
.51
324
160 ps
Capacity 7 to 20 tons
D22

Dm*h

1 yes
1 yes
4 yes
3 ne
4 fio
2 ne
i0 no
1 no
2 no
I no
7 no
50 o
4 o
2 ne
5 yes
1 no
1 ne

Table — V.4.4. Frequency of Occurrence of Wave Heights by Month

, ‘ Unit: %)
Month . _ . :
o ' 1 2 13 4 h] 6 7 8 91113112 Total
Wave height ™ .
_*“'_“—_.—*7"_"'_' T "E_'*‘“‘"'_“'I— Yy vV ¥y ¥y
Od9macdunder | 691 73} 76| 79| 721 49f 43| 41| 48] s | 9] 767 (69
© 0.50m to 0.99n 181 as| 9t 14| 10f 131 25| 26| 220 19§ 13| 17| 214 s
Leomandabove | 13| 9f 31 7| 1s{ 38| 32} 33| 30| 23] o| 4| 210 (g
Total 100 { 160 [ 100 {100 { 100 | 100{ 100 | 100] 100{ 100 | t00{ 100 {1,200 (100)
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CHAPYER § ESTIMATE OF CONSTRUCTION COST

The constiuction ¢ost of the major facilities was estimated based on the unit price method
and in accordance with the “Construction Plan” given in the preceding chapter. Basic prices of
construction materials were defermined as shown in Tablc-\’ 5.1, based on the results of field
m\'eshgallon_. !ons'e\'cr, the ollqwmg pre r_xqu isites were use(! in csmna!mg construction costs:

a} Prlas as of !unc, 1979 are uscd for both local and foreign currency porhons and the

Hse in commmhty pme:. is not taken into account. The exchange rate as of June 1979 was
* dete rmmed as follows usmg IMF data:

" USS1 = Rs. 15.625= ‘i’2l8 89 (Rs.1 = ¥14)

b) Cralts unavailable in Sri Lanka will be procured from Singapore and its vicinily, and
taken to the porl. Fquipment and conslruclion'male:ials domestically unavailable will be

Iransported from Japan. The hire or renta} of crafis and equipment arc determined based on
-Japanes.e standards

'c} AII malenals and eqmpmenl to bt. unported from Japan are e\pressed in C lF prices
withoul nnpn‘)l dutics.

" d) Costs of compensation for ﬁsheries and kands, and of moving houses or buildings which
may accompany this iject aré not included.

e) 15% 0!‘ llu merall LOHStI’{ILllOI‘I cosf is considered as physical contingency.

The pmjed cosls of the Urgml Planc is shown in Table-V.5.2. The total investment amounts to
USS’J'O 458 million, of which US$54.040 miltion, or 77,@, is the foreign curfency portion.

Foreign currency is needed for the following items:

_a) Speua!ly fabrualed prodmls mch as fenders and steel, and scaffolds and forms neces-
'sary for msunng ‘the accuracy of construction and adhering to the time schedule.

b): Ti"ahsporlalion, rental and purchasing costs of “construction equipment and crailts
which are to be procured from abroad. '

¢} ~ Costs of mobilizing skilled tabours, such 3s crewmen of special crafts.

Shown in’ Table-V.$ 3 3 is the aimnal'fum!ing plan for 1980 to 1983 prepared in accordance
w:th Table V 4. 5 “Censl ruction Schedule®.

Rcllr to V-2 ¢ ‘:u itity and Equipment Pl:m" for the details of ungo handling v.mnp:m nt
shown in Table-V.$§

v
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Table - V.5.1 (a) Basic Price

(Unit: Uss)
: Basi¢ Price
Hem Specification Unit - — , .
o Fouelgn . Local Total
Rubblestone - 504 500 kgleach - m* 139 2.3 16.2
Leveling of rubble base underwater : ‘m? MO 5 ] 185 !
Rubblestone 1,000 ~ 2,000 kgfeach m? 16.5 2.5 _ 190
Leveling of subblestone surface | Underwater m? 19 - 0.9 88
Conerele S o = MOkpfem? m 68.0 - 142 822
Rainforcing bars “Including fabrication t | 4066 320 4386
" Filling sand Seasand o m 5.1 0.4 5.2
Dsedging In Port m 00 1.9 C 1.9
Dredging Outside port m? 23 0.2 25

Table — V.5.1(b) Rough Estimate of Construction Costs for Main Steuctures

Facilities Unit | Unit Construction Cost Remarks
(Uss$) | \
~12.0m Caisson quay wall m 20,750 Including cazne foundation
~-10.0m Caissen quay wall n 14,200 Shownin( )is the unit cost
- (16,470) of placing concrete al sea
~7.5m Caisson quay wall m 9,960 :
(12.230) - |
"CFS m? 218 © Structural steel and slate

Paving of road and apron m? 16 Asphalt conceele

Paving of conlainer yard m? 3t Asphali concsete

Table — V.5.2. Project Cost of Urgent Plan

(Unit: Thousand US$)

em _  Unit - Quanlity - Cost (%)
Consentional | _ Catgo Handling Equipment Sel 1 1831 (107)
Berth Sub Total 7,537 (10.7)
- QEQ 55 : Becth 1 2,293 ( 3.2)
_ KQ #1 (Quaywall, CES) Set 1 33,912 (48.1)
g‘;“&:m‘" Dredging M.m? .5 2,580 ( 4.1)
~ Container Equipment Set 1 13,7194 (19.6)
| Sub Total ' 52,879 (75.0)
Road km 57 | 152 (22)
Engineering Sel 1 21 (3.0)
Physical Contingeacy | Set 1 6,407 ( 9.1)
Geand Total - N 20458(1000)
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CHAPTER 6 ECONOMIC ANALYSIS

6-1 Method and Alternative

6-1-1 \mhdd '

The value of costs and benefits in the economic analysis is év aluated in two wa)s ‘that i 1s by
shadow pmmg and by market pncmg l( should be noted that sufficient statislics are not. alwa)s
available, and statistics themselves do not nece‘:sanly give correct mformahons due lo !he recent
deastic changes in the economic poln,) of the l.OUI“Iy, while the shadow pncmg n’nevulably
requites statistics. These are the reasons why the analysis based on the markel pricing, in addition
to the shadow pricing, is employed here. .

5-122 Auemam-e

As an alternative to be considered for the sake of COMPpArison, the case without mnslmem
called the WITHOUT case, is employ ed.

" As already slated the maximum dry cargo handlmg capauly of the’ ex:sttng alongs:de
berths, without heavy port congeslion, appears (0 be about 2 ,200 thousand freight tons, Thls
maXximum capacity is increased by abdul 1 500 thousand freight tons to about 3,700 thousand
freight tons after the completion of the Urgent Plan. .

in the WITHOUT case, SO0 thousand l'reighl tons oul of the mcreased 1 500 lhousand'
freight tons is assumed to be handled at the eustmg alongside berths allowing port congeshon to
the maximum degrée ‘and the remainder of 1,000 thousand freight tons be handled at the
midstream berths. Foods is considered nol to be handled at the midsteean berths. Assuming that
an average 1,700 freight tons is l:-mught]loaded per vessel, the number of vessels lo élear i 00'0
thousand freight tons of cargo assigned to the midsiream berths is calculated as about 590. By
assuming again that the number of days necessary {or cargo handting is inversely pmporllonal to
the cargo handling produclmty, about 10 days are required for cargo handlmg by Ilghlcr:. agamsl
about 5 days for cargo handling at the alomsde berlhs Then, about 16 nndslream berths are
concluded to be necessary to clear their ass;gnmenl This is the number that ¢an be met w:lh the
' exnshng midstream berths. Concerning the total number of I;ghlers uql::rcd assummg that
tonnage loaded per lighter be $0 tons and the cycle time of fighter be one day,” 20000 hghtcf
- ¢cycles per year or 55 lighters per day is the necessary numbers. These are also thc numbers that
can be niet \nth the existing Ilghtefs (out of 298 llghlets 142 are m comm:sslon)

~ Thus, in the WITHOUT <ase, no’ addmonal m\estmeni ls tonsnlcred for faﬂhlns and
ll_,hteli

613 Deflators

All the benefits and cosls to be evaluated are ctphssed in tenms of 1979 pmcs D¢ ﬂa(ots fo
converl them mlo the }979 prices are d;susssed here (‘hanges in minimum wages, per tapita
GNP and the Colombo consumers® price index from 1972 to 1978 are shown in Table — \' 6.1.

H
o
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As a deflator for wages, the value in the non-agricullure sector is employed in the analysis, since
it-is considered to be the fi gurc most closcfy related (o variotis personnel expenses, Shadow wage
rate, however, is converied by a deflator btained from the agriculfure sector,

In the case of materiats, fuel, cquipment, cte., the rates of rise of individual prices, if
‘available, “ars' employed as deflectors. Otherwise, the Colombo consumers’ ‘price index is
employed. '

* The anthcmem mean of the index of the rnon- agncultun, sector and . the Colombo
consumers’ price indeX is cmployed as a ‘deflator to comerl what is composed of labour and
goods and what can not be, in advance, determined its composition such as repair cost.

For lhc price conversion from’ 1978 (o 1979, IS%, the rate of rise of the unphc:t price index
(AGNP at'¢ urren_t markel prices/AGNP at 1959 constant prices) which is given in 1980 Budgelt
Speech is used for labour and 12.1%, the rate of rise of the Colombo consumers® price index, -
which is also given in the same Speech is employed for goods.

6-2 Benefits
6-2-1 Benefil Jems

1)) : Fbmiulalion of Benefits Items

After- the present govesrnment took office in 1977, the government has éne:‘gctiéally
promoted the economic development through the liberalization of the imports the implementa-
tion of the accelerated Mahaweli Development Schere, the estabhshmcnt of the Free Trade
Zone efc.

Under such circumslanées, if is constdered indispenséble for the economic development
being sought by this country to increase the cargo handling capacily of the Port and, at the
samie’ lime, toi_méel the demand for containerization of the Port. For the benefits which are
brought 'ébo'tit by the development and the improvement of the Poﬁ, those deseribed abmc are
the' biggest.  Nowever, those kind of benefits are not exclusively attributable to the porl
m\eslmenl l'urth\r, its quanhﬁcahon is very difficult.

it was already 'pomteli oul that the location of lhe Port of Colombo is advanfageous as a
cenfer of;nlrepol fride. '

" To pmmote by the investment I’or thie Plan, this kind of function of the Port leads to the
improvemicinl ‘of not only nalion’s cconomic situation but also nation's international status. The
benefits that are expected in various fields cannot easily be evaluated and they are themselves
ininteasurable. " ' ' |

Thus, the following theee behefits are evaluated and considered in the an'aly’sis.=

ay - RLdll\!lOll in cargo “handhing cost — Rcdu-.tlon in cargo handling cost by faising cango
lnn-.llmg produclivity through muhamz.ﬂmn and confainerization.

b)  Reduction in ships’ staying cost - Reduction in ship ¢ost for awaiting berth and for

‘ loadmglun!o:!dmg €argo maml) through the rise of cargo handlmg capacily and produ-.lmly
of the Port.
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¢) - Value addéd'eafned by ship repair — Increade in the value added ‘f.‘améd by the
Colombo Dockyard Ltd. through the modification of a c':rgo Imndlmg berth in the Notth
Guide Pier to a ship repair berth.

In addition to these measura'blc- benefits, the: following intangible benefits can aléo be
counted together with lhose stated previously:

a) (‘ontnbulzon to the nation’s economic dew[opment — Slrenglhenmg the basns for lhe
nahon s ecOnomic devclopment lhrough modenuzahon of liu Port

b)  Batrepot trade center — Prondmg the fundlon as a wn[er for an entrepdl trade

handling franship cargo’ and prondmg contamer feedes services to (he ‘neighbousing
countrics.

¢) Reduction in damage to cargé — Reduction in damage to cargo thiough con-
tainerization and mechanization.

d) Reduction in transpori penod — Reduction in tr.msporl period through upgtadmg the
port services : ‘

e) Safety — Improvement of the safély in na'\'igalio'n lhrojug}_t 'extending the in'ater\va)- and
expanding the turming basin.

{2) Attribution of Reducllon Benefit in Ships® Staying Cost ;

Among the above three benefifs, the whole benefit due o the redmhon in slups slaymg
cost will not necessarily be atlnbuled to Sri Lanka. This benerts will be primarily attnbulcd to
the operators of ships. A percentage of the benefit aﬂnbulab!e irrespective of directly or in-
dnectly, to Sri Lanka (herecinafter :efened to as a “feed back ralio”j is discussed below.

1) Share of the (‘eylon Sh:ppmg Corporahon in Cafgo Traffic :

- The merchant fleetin Sri Lanka is solely operated by the Ceylon Shippmg Corporallon
(CSC) the body corporale supposted by the government. The shafe of CS(‘ in cargo traffic
itself is assumed here as the fatio of the dlrecl benefit to Sn Lanka. S

Table-V.6.2 shows that the share of CSC in l977 to 1978 is aboul 13% lo 147& Since
the internal rates of relum are calculated over 25 years from 1980 to 2001, the mosl likely
feedback ratio for next 25 years must be chosen.

In this respect, lhe follomng two |lems are considered to affect dnreclly to lhns
feedback fatio. '

a) Prospecto[(‘SCﬂeel
b) (‘argo teaflic forecast

" As for the item a), the fcasnbahly study ‘on the' ship replacement for he m\t 5 years
was carried oul in 1979 and bmldnng three s?ups to replace old ships owned by €SC was
recommended. Th;s pmject is now: 1_|nder tmplcntcntahon. Thus, the increase in the share

~340-—



due to newer and better pesformance of the fleet is, (o sone extent, expected.
As for the item b), the cargo traffic forxcasl already given in lhc Parl Iil shows the
- incn.asc in dry cargo by $5% in 1988. '

Prom the abovc diSLLISS!On, a fccdback fatio of I(Yi&, whlch is the rounded ﬁglm, of
the expcctcd share of CSC in cargo lral’f‘ ic, is employed as a case o be analysed.

2)'_ Fecdback Ratio in the '\'exl 25 Yuars

Bcsndes the benefit due to the reduction in shlps awailing cosl lhrough lhe C8C’s share
in cargo traffic, the follomng faclors app<as nol to be overlooked in consideration of the

- calcntation pénod of 25 yean lhough lhey are pluch more ambiguous than the achieved
_share of CSC ' :

a) Long Ierm P'ros;)ec.l of the CSC’s Share

e Accordmg lo the Code of Conduct for Liner Confcrence adopted at U\CTAD in
1974 40%% is menhoned as a trading country's share. Being supponted by this, itis
hkeiy that the (SC’s share will mcrease in the next ‘25 years. Among ihe sea routes

through the Port of Colombo, there ate some routes as shown in Table-V.6.2, where
| C SC’s share has exaeded 407% a!ready

- E 'b) Rmse in Porl Tanl‘f

A gaise in the port tanff, excluding the container fariff \\hlch was revised in 1979,
s bemg examined by the Sri Lanka Poris Authority. If all or a part of a raise in the
port tariff corrmponds to the reduction in the ships’ staymg cost, it can be said that all
or a parl of !hls benefit ongmally altribuled to foreign ship operalors is inlernilized by
means of a mlse in th; port tanff.
I is mgg;sled in the next ahaphr that an average 25% raise in the porl lanl‘i
exclusivé of the contsmer tarifl be necessary to secure the sound finance of the Sri
_' Lanka Porls :\ulhonl) This 25% raise corresponds in monetary terms to a little less
than Q(H of all the bmcht due to the redmllon in %hlps staymg cosfs. ‘
In this counedmn a raise in a pori lam’t genélally leads to a rise in lmal pnce
lhrough a rise of |mpoﬂ pnces and lo a drop in lhe compclnme position in the world
market ihrough a rise of e\pml pme:. The above mentioned raise how ever, does not

“involve these negah\e eﬂects stnee the raise itself is uonﬁned to the c\tent of the
7 benefit. '

<) l ccdback through Economic Activ ities -
It “ould be considered that the benefit allnhuled dm&lly to foretgn <h1p
Opemlom retums (o Sn Lanka to some e\lmt \\uh sonte time Iag throu_gh the market

mechanism in the world shipping, though the str_uch:re of the world shipping is very
complgx.

'\\'nh lhcw suuahons in mmd a llcdbad. ratio of 50’,% lS emplond in llu present
anatyﬂs bt suhs that of I 0t. Tlns case would scrve for a s¢ nsmmy analy sis, as \\ell



6-2-2 Reduction i Cargo Nandling Cost

It is considered that there is no appmnbk‘ dlfl‘en nee in the admuustmmc Los{ helwccn the
case of the Urga.nt Plan (WITH gase) and Ihe WITHOUT xas», hcna only Ihc dsrecl cost req“md

for cargo handlmg will be evaluated here. The dnru.t cosi or the. nargo h'mdhng cos! consms of
the following costs:

a)  Labour costs, and

b.  Operationfmaintenance costs (tep:nr cosl fuel LOSf and hght and “ater cosls xlc)

The cosls required for omratxon al'id mamtename of quaywalls lransﬂ sheds CFS pov.cr
faulmes ele. e\cludmg cargo handlmg cqmpment are smaralcly (-sllmatcd and lhus :m, nol
included here. And, as a matter of fact, the depreciation is not included i in llle analyqs ,

The Port handled dry cargo of 2,637 thousand rre;ght tons at alongude baihs and ol’ 308
thousand freight tois al midstream berths in l9?8 The cargo Itandhng cost in 1978 an shown in
the 1st row of Table-V.6.3. The number ol' umkrlled labour:. in cargo handlmg is estimaled as
about 807% of overall labours. The ratio in wages between skltled labours and unskal!ed labours
varies widely from 1:1. 4 to t: 6.7, and 'the average ratio of 1 4 in -.\3ges is employcd here. Thc
’2nd row in the same table shom these costs per lon of cargo handled '

Before estimating cargo handling costs both for alongside berths and for midsticam betths in
1978, the costs of operating lighters is first calculated as follov.s based on the figures that the
overall number of lighters is 298 and that ol‘!aboura is 793

Total : _ E : . 603 thousand USS$

Labour cosfs: _ ‘ 467 " ,,
Op_erali'on maintenance cost: 136 - o

it is considered that the cargo handling by i:ghlcrs is not too much dlﬂerenl from the cargo
handlmg at a!ongsxde berths in respect 0I‘gang> in sh!p and gangs at landlng poml _

“Thus, the remamder oblamed after dedudmg hgh(er s operahng cosl shmsn abme from the
overall direct cosls shown in the fst row in Table V.6.3, is allotted lo the both types of cargo
handling by cons:denng that ‘each cost mnght be lmersely propoﬂlonal to {gang hour
productivity) X (numbe; of gang-,) Resu!ls are shown in Ihe 2nd and lhe Ird tous of Table-V.6.3

Next, cargo handlmg cost, after the operalnon of the comentlonal ca:go hand]mg eqmpment
mmmerces in 1931 is evalua(ed by cons:dermg that !he labour cosls migh( be 1mcr:.cly Propor-
tional to (gang hour’ producnvnly] x (nuniber of gangs) x (rate of berlh occupancy) By referring
to Part IV caleulations is done by usmg the figures on cargo handlmg produclm[y shown in
Table-V.6.4. The ratio between unskilted labours and skllled Iabouts is csnmatcd to bc atmost the
same as that used in the WITHOUT case.

Concemmg the operahonlmamlenance cosl the cost reqmred l‘or nu.\ly mlroduced
equ;pment is added to lhose prenously uqu;red The oserall nsulls are shown m ‘the f“ rst row in
Table-V.6.5.

‘Concerning the con(amer terminal, the labour cosls fos the opcrahon of a container
terntinal are ‘generally governed by the way of operation, the ralio between FCL and ECL, etc.
Here, the number of labours required for handhng contamer; per b-eclh is eshmated aboui 1.5 to.
2.0 times larger than that for the conventional cargd handlmg, and 1.5 times is employtd for the
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Qucen l I|zabclh Quay, while 2. 0 times for the Koneboam Quay The ratio between the skilled
labours and the unskilled labors is estimated about 1 i.
The results are shown in the sccond and the thu’d row in Table-V.6.5 for the Queen
Nt ll?ﬁbdh Quay ami for the }sorlcboam Quay respectively.
The abm'e rusuus excludmg the operahonlmamtenancc cost for newly mtroduced cargo
hand!mg cqmpment are com'erlcd 1o 1979 pnces and shown in Table-V. 6.6.
“The allotlcd ycarly tcnnagmsol‘ cargo by facility both for the WITHOUF case and the WITI!
CéS\. arc shovm in Table-V.6.7. lnsl the yearly tonnage for the yeass other than 1981 and 1988
- are estnmalcd by a mcthod similar to that used in Part I, then on!y the portion of tonnages that
cah be handled within the smpe of the Urgent Plani lS calcutated and i is shown in this table.

. The vatite of reduchon in cargo handlmg cosi for each year calculated from this table is
shown inT abb,-\’ 6. 8

623 Rc'dui:limi in Slnips' Stayiﬂg Cost

in Ihe WITHOUT case, the port congxsuon will be aggravated compared to ihal in 1978.
This aggravation is caused mainly by an increase in both the a\-.anlmg period and the cargo handl-
ing period. Accon!mg {o the queuing theory, houe\.er the congestion in 1978 is likely to reach a
saturated stale and the awaa(mg period become mltm{e {hmrehcaliy Thus, i is considered here
that the awallmg penod under the saturated state increases in proportion to the AVEF3gE CArgo
handlmg penod which is evaluated here.

_ The ave age awaiting period and th-u AVCTALE CATRO handtmg period in the WITHOUT case for
‘ach year aner 1950 are shown in Table V.6.9.

" These p‘.nod> in the WITIE case in 1980 is exactly the same as those in the WITHOUT case.
After 1981, the number of days of cargo handling per vessel in the WITH case decreases due (o
the mechanization in conventional cargo handling. Further, the container berth in the Queen
Elizabeth Quay commences its operation after 1982, but the awailing period is considered to be
1.7 days that is exacily the same as those in 1978, since the rate of berth occupancy for
‘én\enltonal berths shgh(ly exceeds 100%. With the mmplelmn of the new -,ontamer teiminal in

_the Kmluboam Quay by the end of 1983 and the commen *emenl of its operahon from 1984, the
‘sate of beth occupancy for conventional berths decreases to less than 1007%. Thus, the finite
average :n\.mmg period is estimated by the queumg theary. The averdge awaiting period for con-
tainer vessels is s;p.imtdy e:.!emalui by the queumg !htOl) In applyinz the queuing theory,
M/MJS was adopled to avoid overcstimation of the benefits. That is, it is assumed that both the
distribution of ships' arrival and the dlSil’DbtlhOl\ of cargo handling period are random
d:slnbul:ons The results for the WI] H case are shown in Table-V.6.9.

The tolal vessel -days staying in the Porl is calevlated by using Table-V.6.9 and the mtmber
of cargo vessels calting. This is shown in Table-V. 6.10. The differciice between the WI1Til case and
the WITHOUT case is sho\'.n in the rightmost column in llus table.

There are two methods for evaluating the ships® sta ying cost; Om is fo sum up the cvery
expense wequired for ship's staying; and the other is to evaluale using time characterage. How-
ever, since the purpose of *valuahon hen is (o evaluate the benefit not for an operatoss of a
vessel but for Sri Lanka, it is more appropriate to adopt the time charte rage which, as a malter of
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fact, is expressed in terms of “mtematlonal market’ pnce" In addition; this serves for avoiding
overestimation of the benefit, since the value' c&a!uatc‘d from the. time charteragé Is less lh:m
that from the summmg up of every expense durmg ship’s sfay.

The time chartemges of dry casgo \cssels(l )ear) in 1973 to I9?4 :md 1977 to 19?8 {up lo
the second \\ed\ in October) are shown in Tablc—\’ 6.11. T he aseragc time’ chartérage is shown
. graphically in Flg -V.6.1. The overall auragc tonnage 01‘ \ess\.ls cal!mg lhe l’dr( is abou( 12,200
DWT, while the average tonnage of them c*{clusnw of oal tanker:. is al)oul 8, 000 DW[‘ The iallcr
includes vessels calling e\clusne for bunker and the average (onnage of €argo vessels only i |s not
available. Thus, 10,000 DWT, a fittle hrgher than the latlcr is cmploy ed as lhe aurage (onnage of
cargo sexse!s calhng the Port {o avoid the ov: efestimation.

The ewlraporahon by a hypabola gives about 10.6 USS/DWT Momh as shown in \F ‘igs *\’ 6.1.
Taking mto consideration the time fluctvation of the charterage itself and the erfor possibly
involved in the éxtrapofation‘, about 70’% of this Or 7.5 USS][)\‘-’]"Mth ris finally emp!oyed
here. : Lo

Both 10% and S507% of the Iump sum of !he ndudmn in shlps staymg cost age shown in
Table-V.6.12.

624 \'a'lue Added Eamed by Ship Repair

The e\peded iicrease in the tumover of the Colombo Dockyard Lid. lluough the
modification of a cargo handling berth to a ship rcpa;r berlh is, in 1979 prices, as follows:

Increase in number of dock—in ships: : 12, Tuu_lovér‘_: ) jﬂ{}’iﬁ_ousahd USS
Use of the transfersed ship repair berth: 60, Tusnover: 1,20'0.:.!1'0u;anduss' :
Total {urnover _ - 1,500 lhomand USS

“The breakdowns of the turnover of lhc Colombo Dmkyard Ltd. in 1978 are shown in
Table-V.6.13.

The value added is estimated as 777 lhousand USSI)'ear by mulhplymg lhe increase in Ihc
turnover shown above by the shase of the value added gn en in this Table.

6-3 Cosls -

6-3-1 Consliection Cﬁﬁl

The construction cost is shown in Fable-V.6. 14. -
6-3-2 Cost of Purchasmg the Calgo liandlmg Eqmpmcnl

The cost of punhasmg the cargo handlmg eqlnpmcnt is shox\, nin Tab!t \' 6
633 ;\dminisua:ion Cost

It is -:ons:dered that Ihen is no difference in lhc admumslrahon cosl bel“een the WITH and
the WITHIOUT cases.
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6 3 4 Opcm!i(m]\ismlcnancc Cost

As shown in thc next chaptcr, a ﬁxcd pc:ccntag\ of the consimchon cost or the cost of
phirchasing lhc eqmpmcnt is adopted as lhe Opcrahonlmamlenance cost. However, since the
oneranon]mamlenance tost for thc cargo handlmg eqmpmenl is a!ready taken into consideration
w!ten cakulahng ‘the reductzon in lhe cargo hzmdlmg ¢ost, that for the construction cost only is
considered here, and is shown in Table-V.6.6.

6-4 Shadow Pricing

6-4-1 Method of Estimating Shadow Prices

In eshmalmg all : benefits and costs, the shadow pricing is adopted. The method of
estimaling shadow prices is as follow:

~a) Al ‘benefils and cosfs are to be div |ded into labor. traded goods and non-tsaded goods.

b) Further, the labor is lo be divided into ‘skilled labor and unskilled labor. The price of

skilled tabour is obfained by multiplying ils market price by a conversion factor for

consumplmn (CFC) and the price of unsk:lled fabour is calculated by multiplying its

market price by aratio of a shadow wage rate and a conversion factor for consupmplion

_ _(CI"C)
¢) Traded goods are to be etpre;scd by CIF \ahle for 1mpor£ and by FOB value for
eXport. _
&) Prices fos ion-fradéd goods are to be derived by multiplying appropiiate conversion

factors.

6-4-2 Standard Convession Factor, Convession Factor for Consumption, and Other Conversion
Factor ' '

(1) Standard Conversion Factor

- As will be scen later, the slandard conumon faclor (SCF) is not used in ca!culallons but
SClis compuléd for the following two reasons. The one is (o mmpare the conversion factor for
coisumpion ((‘[‘C) with S(‘F and the other is to show that tea and rubber are éxcluded in cal-
culating SCF due to the feason descnb«d below. The standatd conversion factor SCF is calculated
by the foltowing formula since these is no dnﬂl e!\port subsidies.

“Tolal lmporl +Tolal export

SCF Total :mport T Total import duties + Total e\pon — Total export duhn

Slallsllus on the expost and lhe mtpoﬂ ate shown in Table-\' 6.14.
By making calculations using Ihe figures shown in the Tab!e the fo!lomng S(‘[‘s are obfained:

1977 SCF% 1.005
Fisthalf of 1978 :  SCF= 1104
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Geaerally, standard conversion factorb in the de\elopmg cOuntries are less than ! 0 The
SCFs aboxe oblamed an, a llme hlgher than unity and llus is mamty due to the l'acl thal the rates
of the e\cport duhes for tea and mbbcr \\.hose shares m ehpori are aboul 70%. are h:gh

‘Since a standard comemon factor i is used mamly for comerlmg the pnces of non ttaded

oods mcluded in the conslru;twn cost or opetatlonlmam(enance cost n appears (o be not
appropnale to us¢ a standard conversion faclor derived from catculahons \\huc lea and mbber
are dominant, '

SCFs obtained by éx‘éluding tea and rubber are aé follows:

1977: . SCF=0944
~Fissthalf of 1978:  + SCF =0.943

- As a standard conversion factor, the following rounded figure is finally adopted:

SCF = 0.915

{2) Conversion Factor for Consumpllon
- Custoni stalistics "on nmain consimer goods, such ag food and clolhmg, are shown in
Table-V_6.18. From this tabie the conversion factor for consumptmn is calculated by usmg the

similar formula used for the standard comersmn faclor and the l‘oltowmg results are oblamed
exchtding tea and rubber: |

1977: o CFC = 0.947
First half of 1978- - CFC=0.948

The eonversion factof_ for consumption is deternined as follows:
CFC=0.945

(3) Conversion Factor for \Iachmery

A conversion factor for general ma-.hmery and vehlcles is ca!culated herc in the same
nanner as is used for the standard comers&on factor. Custom statistics used for calculations
are shown in Tab!e—V 6.19. Using the figures given in Ihe Table the conversion factors for
machinery (CFM) are calculated as follows:

1977: CFM =0.818
First half of 1978- CFM=0.855

Asa CFM, the following figure is employed in the analysis: |

CFM - 0.850
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643 Slaadow Wagc Rate

’I hcu an,, in generai two kmds of formulahons for delemlmmg a shadow wage rate. l{cn,,
the rollom ng l‘omtuhhon isused for calculahons

SWK o LEmfs L m

“where,! SWR: ' 'Shadow wage rale
' . C:  Wagéinmarkel price
T Op’bbtluni!yébst .
~ 'S - Premium of saving (or investment)

The first terin of the equatmn (1) shows the decrease i in savings by the public sector due to
payment for wages al niarket price and the second termy indicates

the amount consumed by
Iabouress (C-m) asa tesu!t of ;mplemenlatcon of a project, and is evalu

ated in tesms of saving.

(l)' Fstimale of Oppommily Cost - . .
"The opportunity’ cost isestimated i in many cases from GDP per worker in agriculture sector.
But here, in addition to this me!hod !he minimum v.age in the agncu!(ural sector,

the fabor employed by a paddy formhold and the output per worker obiainable fro
of ,;addy are calculated, and they ase cons:dered m{egrally

the wage of
om the yield

a) \hmmum \\'age of Agncuihlre Sector

: As shown in Tab!e—? 16 !he mlmmum wage of the agncu]lme sector i m l978 is 8. 84
* Rupees per day. ThlS is for all ]3b0fb from cultivation to processing to ﬁnal pmducts of
“tea, rubber and coconuts. The §979 pnce is 20 17 Rupees per day or 0. 65} USS

b)) Wages 0!‘ me!o;ed Labor of P.lddy Framers

'Wages are calculated from the results of a paddy faem survey conducted in the
(‘o!ombo st!nc( mcludmg the projec! site as a pasl of survey for five selected dlstncls

‘ m 1972 b} Agran:m Research and Tmmmg lnslllule * :
1t is known that the Colombo District has the lowest prodmunl) in paddy
‘ famung T)p:cal paddy farmers in Colombo District employed an average of 0.8
v.orkers per acre for paddy farming dunng Yaha season (Apnil to Sepkmber) in 1972,
and the \\Ol'ktl's “agc is 120 10 180 Rupees per acre, including food expenses. The
Yala SCason consists of a somng season from April to May, a replanting season from
- May to Jum and a hane:.tmg season m August. Assuming that a worker is employed
for 3 months’ durmg this season, and w orks 25 days each month, his wage i3 calculated

- as2. to 3 Rupess per day in. !972 or 6.99 to 10.48 Rupees per day = 0.447 to 0.671
USS per day in 1979 prices.

R The Agrauan Snluauon Rela!mg o Padd) Cultivation in Fm- e-.léd Districts of Sri Lanka, Put § —
Colombo District, Agrasian Research and Training lnsmuh Research Study Series No. 10, Oct., 1975,
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¢}  Output pcr\\'orku Calculated from Yicld of Paddy :
The ywld of paddy per acte is about 45 1o SO bushels accordmg to: Tabte-? 6.
" The price of paddy is corisidered to be S1. 99 Ru;m.s/bushel here by mulllplymg s0. 79
Rupces/bushel in 1978 by the rate of pnu risc of 1.02 in 1978 for paddy in
“accordance with the Guaranteed Price Scheme. I the amoum of production is assumed
o bé 45 bushels, then the éulput per acre is gnen as 2 340 Rupex,s Since the share of
labor force per acre is 42.7%* including fam:ly labor dutmg Yata scason in 1972 the
portion of labour cost then becomes 999 Rupxes if this share is used By using a total
number of \\orkers of 120 to 300 person- days{year* 8.33 10 3.33 Rupegs!day is
obtained for 1978, 01 9. 57 to 3.83 Rupeesjdas 0.612 to 0.245 USS$/day after converi-
ed fo the 1979 prices. ‘
However, the number of workers, 120 to 300 person-days]year shown abme is
an estimation for (hé number of available w ‘orkers so that it does not necessary mdlcatn.

actually employed workers, and this means that there mrght bé a possible ov erestima-
tion in the above results. ' : '

d) Estimate by GDP of Agriculture Seutor L S
GDP of agiculture sector (including forestry and’ l‘shenes) is 9325 miflion

Rupees in 1977. Since the number of workeéss in agriculture séctor is 2,689 x 103 .
persons (from Production Yearbook 1977, FAQ), 11.56 Rupees{day is oblaine d for2s
working days per month, which is 18.66 Rupecsfday or 1.194 USS if converled fo .
1979 prices.

The above results are compiled and mdncaled in Tabk-\’ 6.17. l rom the results shown

3bme an oppo:tumty cost of 0. 5 USS[da) is ﬁnally adopled

(2) Fstimate on the Premium S of s’m-ingum-e'stmeni
- The preniium S is estimated by the following equation:

g0y
i-0y
where 0 :: Rateof savmg!lmeslment
Y : Rate of retumn of marginal invesiment, and
i :  Soéciat d:scount rate

For &, 16.8% of the 1978 valae shown i in Table-2.5 is used :

- For 7, 20%% is used, in consideration of present level (18% for I- year) oflntcusl rah for sav-
ing in Sn Lanka. Then 3ssummg that 1—l0’7a, the pxemmm Sis guen as 2. 5. The premium S thus
obtained might include substantial estor. llo'.-.e\e;, it is"considered more appropriate to evaluate
the second term in equation (1), though the evaluation is rathes sough, than to evaluate the
shadow wage rate only by an opporlunily cost.

s The Agranan Szluauon Re!ahng to Paddy Cuilwallon in Five Selec.ted Districts of Sn l.anka a\gramn
' Research and Teaining lastitute, Research Stwdy Series No. 11, Dee. ,19?5
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3 B shmatc of Shadow Wage Rate

_ Though the market wage C is 18 Rupecslday or 1.152 USSIday, 27 Rupecslday = 1.728
USS/day is used since a short-term cmploymeni condition is involved in the implementation of
the Plan. Thus, the pe rcentago of the shadow wage tate for the modification of labour cost of the
¢ivil cngmc»nng work s dni’i‘crenl from’ that of benefit items. The results of calculations fos the
shadow wage rate by using Pq (l) are shown i in Table-V. 6.21 for each case. In the same table the
ratios of the shadow wage ‘rates to the wage in the markct pnce oblained by multiplying the
- convetsion factor for consumpl ton, are shown as well.

-_‘6}4-4 ‘shad‘ow Pelces o B‘es_iem ftems

) Rcductmn in Cargo llandhng Cost

COm.‘emon factors for labotir cosl are a$ foilo“s

Comersion factor for skitled labour
= Conversion faclor for conisumption = 0,045
' (‘omemon fac[()r for unskilled labor

(Comels:on factor for consumphon) ‘
X (Raho of shadow wage rate (long—lerm emp!oyment)
0945 % 0.773 = 0.730 ‘ Lo '

Smce the operalaonfmamtenance (‘Osl conlams many elements v.hose details aré unknown,
in adv. ance, such as sepair cost, 2 s;mple average of the three conversion factors for consumption;
for fuel and for’ macluner)' is emp!oye‘d here 4s a conv ersnon factor for this cost. Concering fuel,
no cus!Om dtmes aré lmpOSed on the lmporl ‘of crude dil. On the conttary, a large amount of
subsidy is bemg pald to the (‘cy!on Petroleum Corpor.ahon (about 530 million Rupees in 1979).
For this reason, the pnc-. of fuel in this country is comparalively low and not too much diffecent
from the CIF price. Thus, a conversion factor of 1.0 is finally employ ed for fuel.

Conversion faclor for operation/maintepance cost is (0. 945+ 1 40, 850313 = 0.932,

Using the above resulls, the carg.o handhng costs per ton shown in Table-V.6.6 are converted
o the shadcm Prices and shown in Table-V.6.22. :

From the re sulfs shown above, the amouuls of reduction in cargo handling cost are obtamed
as shown in Table-V. 6 23 '

.

H

(2) Rcdu_cliﬁn in 'Ship's‘ Staying Cost _
This itsell is expressed in terms of the shadow price.

(3)" Value Added Eamed by the Colombo Dockyird 1ed.

This includes the redeipt m l'ore;gn mrrency and it |lq.>ll is uonczdered hete as the shadow
price.

'6-4-5 Shadow P_«iéos of the Cost Heins

(1) Construction Cost S _
The conversion factor for skilled tabor is 0.945, exactly the same as the convession  factor
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for consumptibn
Vhlle the followmg is to bc employed for unsklilcd labour. -

Conversion factor for unskniled labor
(Coversion factor for consumplzon)

% (Ratio of shadow wage rate (short-term emp!oyment)
0.945 x 0.716 = 0.677

i

il

For the conversion factot for fuel, a value of 1.0 wilt be taken; as is discussed before.

The rent for construction machinery' consists of tenl for various machinerys and cralls
such as dredgers, paving machinerys, dump lrmks concréte mixing pl:mts etc., and are gosemed
by various factors, such as types of machines, depreciaiton method, elc. L :

Hence, it appears dif ficell to evaluate the individual shadow price mlh acceplable auuracy

Thus, the entire cost is converted as a whole by makmg use of the conumon factor for

machinery already cakulated as 0.850. The shadow prices of lhe u)nslmctton costs are shown in
Table-V.6.24.

{2) Cost of Purchasing (‘argo llandlmg Eqmpmenl
Cargo handling equipment is based on the CIF price as indicated n Table—\’ 6 15.
(3) OperationfMaintenance (‘ost .
_The Opemtlon]mamlenance cost is calculated by a fixed perc:.nlage of the comlruct;on cost.
Thus, it is possible lo convest in the same manners used in the cony ersion o[‘ the conslmclton <ost

itself. Here, however, the conversion is 1ol apphed considesing Iha( the fixed P’t‘rcen(age itsell
contam_s some ambiguity. -

6-5 Economic Re;ums

() lntema! Rale of Retum

There are many different viewpoials concemmg Evaluallon of the eéonomlu re!ums_ Here,
however, the econmmc returns are evalualed in terms of the internal rate of return (JRR).

The intesnal rate of return IRR is‘obléined by the following equalion:

a1 - R
= Bi _:Ci -+ R 1‘2
=0 (1 + IRR) (HIRR)Y"™ |

n: Period of calculating IRR
B.: Total amount of benefits al i-th year
C,: Totat amount of costs at i-th year, and
" R : Salvages at the final year of the calculation

where
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" In the presént case, the seivice Iifcs of facilities and equipmieat vary individually as shiown in the
next chapter. The average sesvice life weighted by lndmdual costs is 27.9 years The calculations
are “orked out for the pcnod ol' 25 years from 1980 to 2004 All the besiefits and costs for each
year are listed in Table-V.6. 25(:1) and (b). labl&\’ 6.25(a) shows those in the shadow prices,
while Table-V.6. 2S(b) shows the markct prices. Fsom thesc figures, IRRs with the feedback ratio
of IO’% are ca!culaled and resulis are as follows:

I’or shad_gw pncmg: IRR =17.1%
For market ﬁricing: IRR = 19.5% '

IRRs wnih ihe feedback ratio of S0% are 40, 8% l‘or shadow pricing and 43.1% for market pricing
as shown in Table-V.6.26 (a) and (b)

(2) Feasibility of the Urg; nt Plan
There are various vne\.x points concerning an internal rate of return and economic refurns of a
psoject. The internal rates of refusn in post investiment projects usually range from 10% to 200
and il is mdely considered thal a port project with an internal rate of return of more than, say,
10% can be considered as economically feasible.
' Thus, it can be concluded thal the present plan has economscally enough feasrb:hty
The IRRs with the fccdback ratio of 50% are remarkably high. For this, there are {two main
reasons. One i is'that the Plan includes Oniy such facilities and equipment as can get earnings. The
other is thal the cargo handlmg in the WITHOUT case depends not only on the poor cargo

handling pmdudmty at a!cmgudc be:lhs but also on the unacceplable produulmty of midstream
berths under the heavy port congesfion.

"+ The IRRs for the ship lépl:!cw.menl plen.l of the CSC et now under implementation are 6.5% o 9.7%.
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Table — V.6.1 lude\ Numbers of \llmmum Wagcs Per Capita GNP and
: Colombo Cor.sumcrs Price

Min%mﬁﬁi Wages . Per (‘a :la R
N o Lt GNPal Comeny | Solombo
Year . : Non- L Factor . C'o_ns}lmus
. Agriculture Agriculim'e_ ‘ C«:)mblnedE (‘osl Puces b Price
1972 100 100 100 100 100
1973 113.2 110.1 R 119.0 109.7
1974 141.4 1299 13938 1524 1232
1975 176.8 151.6 173.2 166.5 1315
1976 207.1 1556 2016 1798 1334
1977 2165 169.1 2101 S A36 1347
1978 3038 208.1 2911 2597 S
Sour.ce Slals#hcal Pockel Book, 1978 and 197'5 I)Epf Census and Statistics: |
Econamic & Social Statistics of Sri I_an!\a Centsal Bank of (‘e)lon
Annual Report, 1978, Central Bank of(‘e)lon
Table — V.6.2 CSC’s Shate in Dry Caigo
('argo Brougbl by CSC :' i
_ ~ Tonnage CSC's Share (.1:)
UK/Continent *! 174,765 - - 437
China®? - 92,307%? 500
J apan_fS'_. Koreafttong Kong*? 76,159 455
Singapore*! 16,849 n.a
Red Sea®? 18,600 310
Guli*? 1,120 na
Total 379,500 ' 12943~}399¢
&1 j978 . Source: Repoil on Suney of Port lmém\éméni
¥ 1977 _ Programne (Ship Rep!ammem)of
¥} Ride and Sugar in Metric Tons [)emoc:anc Socislist Republic of Sii
1 <10 the 1978 tofal tonnage Lanka, August 1979 JICA.
*3 Ao the 1977 total tonnagé
Table — V.6.3 Casgo Handling Cos!, Total per Tonnage - 1978
' Labour Cosl Opfl_'atiﬁﬂl
ltems Unit- Total  Skilled Unskilled Mai%l:;:am
: _ Labour Labour
Value | USS$ Thousand 8,255 3913 3,973 309
Cost pei ton, Overall LSS/t 280 135 1.35 0.10
Cost per ton, Alongside USS/t 2.2 .09 1.09 004
Cost per fon, Midsiteam Ussh 778 361 3.61 056
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Table - V.6.4 Indicators of Cargo Handling Productivity

WIIH{)’JT
Gang Hour Productmly ‘
Food ‘20 1 l!gang'h
General Cargo 83 =
['t[ﬁdfl 90 "
No. ofGangs per Vess-el |
' Food : " 28 gangs
General Cargo 28 =
. Export _ 35 =
Raté of B:1h Occupancy - 100%

WITH

20.1 tfgang+h

150 - ~

40 geangs

73%

Table - V6.5 Cargo l!éndling Cost pe.r Ton after Compl'eti'on of U;gem Plant

| (Unit: USS/Fons)
fotal Labour Cost O[EI'aliOﬂ[ T
B R - Skilled Unskilled Mainienance Cost
Aftes Introducing Fquipment 137 078 0.78 0.21
Centainer (QEQ) 1.59 0.18 020 0.6
Containes (KQ) T | 042 0.13 059

* Table - V.6.6 Cargo Handting Cost per Ton (1979 Value)

{Unit: USS/Tors)

- - -
: ’ . La'bour COSl O l'éﬁ('ﬁﬂf
Btem ¢ Tolal Mai N &
3 Skilled Unskilleg | aintenance Cost
, Onerall 3 155 155 0.11
1973 | Alengside Baith 254 1.25 125 004
Midstream Be:th 8 4.15 4.15 0.64
Af te lnlmduung qupmenl 201 090 - 090 0.21
Contalner  (QEQ) 1.74 0.90 0.23 061
‘Contalner (KQ) 1.22 0.43 0.15 0.59
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Table — V.6.7° Yod'rl)" ’f‘o_:ﬁmge of Cargo Assumed by Faci

fity

(Unii :: Thousand Tons)

Table — V.6.8 Reduction in Carge lla‘ndling

Cost

© Year

Value Reduced

1981
1982
1983
1984
1985
1986 -
1987

1988

: - (thousand USS)

- 4300 .
5,620 -

5,814

7436
8,206

- 8926

9,286

3

_3‘5 4—

o - WHNOUY Wi
Total Alongside Midstream | Alongside S QEQ | KQ N

Berth “Berth Conventional | - Container || Conlainer
1981 4 2,700 414 3,114 - -
1982 3,285 585 2185 500 -
1983 3,313 613 | 2313 500 ~
1984 3,450 750 2,200 250 1,000
1985 £ 3,550 850 : 350 -
1986 3,650 950 450

1957 3,700 1,000 500

1988 } o i




Table - V.6.9 Average Awniﬁng PeriodfAverage Working Period

(Unit: Days)

r_ WITHOUT WITH
. Convensional Container
. D
Average | Average | D | Average [A\'erage ' Average | Average
Year | Awailing|Working| Total . | Awaiting| Working | Total Awa}!ing Warking| . Total
| Petiod | Pediod ‘ Period | Period Period | Pesiod
1978 | 170 | $87 | 157 | - -1 . = - - -
1980 | 13 | ses | oam | s | ses | am - - -
1980 | 177 | 609 | 78 | 130 } 376 | s46 | - - -
1982 1183 fe30 | 843 | 130 | 385 | sss 060 | 100 | 1.60
1983: | 184 | 633 | 817 | 170 | 399 | s49 | oe0 1.60
1984 Jass [ ear | 835 {032 | 399 | am | 040 1.40
1985 | 191 | 657 | 848 § o031 | 286 | 447 | o0ss 1.55
1986 193 | 667 | 860 387 | 418 | 075 175
1987 ' '19s | 615 | 866 390 | 421 | 090 1.90
1988 g i \! b l | I
Table — V.6.10 Reduction in Ships’ Staying Period
: WITHOUT - WITH o
— o om0
Year , o : _ f.‘onlamel Tetal e(S\\f'fess-al-
. CEag . CE3R a . - fessel- :
ot oyeat [vesar | No.of | By | (20 o of | erae | Totl Hevesel| sy
: Stay | Duays) | Stay | Duys) ¥ Stay | Days)
1980 | 1465 | 770 {n29s [ 1,465 | 7m0 {11295 | 31,298 0
1981 § 1,593 | 786 112,28 | 1,593 | S46 | 8425 84251 3,703
1982 | 1,638 813 {13317 | 1,384 | sss | 7459 196 | 160 34 | 2773] 5544
1983 | 1,677 847° 13,7200 | 1315 | s40 | 2.219) iee | 160 34 | 72,5331 6,168
1984 | 1,735 1835 146541020 431 | 4396] 490 | 140 6% | s@82{ 9572
1985 | 1,851 | 848 [15696 | 1,071 947 | 4408] 520 | 155 820 | 's,238) 10468
1986 | 1,849 | 860 {15901 | 1,055] ais 400} 's69 | 195 | 996 | sa06] 10495
1987 £ 1928 ] 866 116696 | 1046} 421 | s401f sss ] 190 |1z | ssul| 1s
1988 l ol i | N | ! I |
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_ 'I‘1blc ~ V.6.11 Time Clmtemge of Dry Cargo Vessels

(Umt USSID\\T'Monlh)

-

Year 25,000 DWT (Aboua) 40,000 DWT (About) sy Ogg“g{;,}‘Ab o)
1973 9.00~4.00 650 ~327 1590~ 2320
1974 9.25~4.70 585~ 5,675 5.7$~3.20
1977 690~3.25 325+).98 260~ 095
1978 1595~425 442~337 3.20~0875
1979 Jan.~ Mar. 1 8.10~4.85 830 1 3.65~290

* Apl 700~ 5.50 4.17 S

" My 8.03~5.75 . 828, $.25~3.10

* June 9.04~ 1.58 S 535

*  July 721 "6.21 5.35~490

" August 805 ~7.12 599 525~ 375

*  Septembes 7.85~ 738 637 I

I____Mwm_ ] 662 ' 5'?E,N >4 i

Average 616 - 4.58 343 ‘

Table - V6 12 Reducuon in Slnps Staying Cosl

Year Feedback Ratio = 107
1950 0 '
1981 NETT
- 1982 1,663

1983 - 1,850

1984 23712
1985 3,140

1986 | 3,149

1987 3353
1988 i

Feedback Ratio = 507%

T 0
5 555 .

‘ ; 3,3!6
9,252
14,358

15302
15,743
16,763
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Table ~ V.6.13 Value Added — CDL., 1978

tem 1 ThovandRs. || Share(#)
Turnover _ : 40,209
Other Indome 1,351
CTotal 41,560 100
* Cost of Materials and Services purchased 17,671 425
- Depretlation ' 2313 5.7
Value added = _ 21,516 518
To Employees 6,421
To Govesnment _ 6,463
Profits retained : - 8,632

Source: Colombo Dockyard Limited, Annuat Report 1978

Table -- V.6.14 Composition of Conslruction Cost
. St S (Unit: Thousand USS)

| fotat | . 1980 1981 | 1982 1983
Fotal s 877 13,561 14,960 19,729
Fowcign Cusrency - 32909 683 9,810 11,450 - | 10,766
Loxat Currency ' o 16,418 194 3,751 3,510 8,963
Labour Cost 2,851 9 | sz - 818 1,141

Skilled 2,180 9§ 625 676 860
Unskitled - 6m 0 188 202 281
Fuel 2,11 o 573 648 1,545
Hire of Equipment and Others 10,796 175 2,360 1,984 6,271.

Table — V.6.15 Cost of Cargo/Container Handling Equipment

‘ o {Unit: Thousand USS)
el Tem | 3950 C1esy L 982 {0 1983
Totad 21331 1,537 4,461 0 9313
QEQ- - 1,461 0 4.461 0 0
k@ 9333 0 0 0 9,333
Conventional Bérth 7,532 1537 0 0 0
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- Tabe} - V.6.16 d;mratio‘n!.\!ain'(("n'al.lw. Cost

(Unit: Thousand USS)

Year

1980

84

81
82
83

85

Operation]
Maintenance Cost

0
0
30

30

sl

Table - V.6.17 Custom Statistics

(Unit: Million Rs.)

1918
_ 197»? (3an.~lune)
Imporl 6,012 6855 .
Import Dutly Revenue -1} . 696
Export 6615 16,182
Exporl Duty Revenue - 609 1,924
Ekpon excepi Tea!Rubbe; 1974 1,807 .
Expost Duty Révené excepl those for TeajRubbec 69 171

Source: External Trade Statistics, Dec. 1977 and Jurie 1978, Sri Lanka Qustons.

Table — V.6.18 Custom Statistics on Main Censumer Goods
(Unit: Million Rs.)

c 1918

. 1977 Uan~Tune)
Tmport - 2862 2876
Import Duty Revenuz 225 223
Export 504 596
Expoti Duty Revenue 36 21

Souice: External Tla:d:e Statistics, Dee. 1977 and June 1978, Sii § 2nka Customs.
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Table — V.6.19 | Custom Stafistics on Mdcinhiér’y{?&ﬁicle

{Unit: Thousand Rs)

) 1978
T enung
import 707 1,404
- Import Duty Rexenue 160 239
Expott, 12 10
Expoit Duty Revenue 0 C 0

Source: Exteinal Trade Statlshcs Dec. 19?7 and Juns 1978, Sri L’m!ra (‘ustoms. :

Table — V.6.20 Lshmattons 0!‘ Shadow Wage Ra(e

(Unit: USS/Day)

Meihod

" Estimated Shadow Wage Rate

Estimate from Paddy Production

Minimum Wagé of Agjuu}(ural Sector

Wage of Hired Labour (Paddy Farm)
Estimale from GDP (Agricullurat Sector)

0.612~ 0245
067t ~ 0447

0.651°

1.194

Table - V.6.21 Shadow Wage Rate and bis Ratio to Market Price

Shadow Wage Rate ; .
o O.SSS}D-")') Ratio to M ar';;ﬂ Price
Full Time, Long Teim 0.591 0.773
Full-Time, Temporary 1237 - 0716




Table - V.6.22 Cargo Handling Cost per Ton (Shadow Price)
: {Unit: ﬁJSQITons) '

: " Labour Cost o rSlionl
Total " - “—"—-:*""* pf g
| skilled Unskilted | Matenance Cost
Over-All 269 | 146 Ly 0.10
19728 | Alongside Berth 23 | L1 0.9} 0.04
Midstream Beeth 155 - 3y 303 060
After Introducing 'Eqﬁipmenl . 171 : 0385 066 | . o020 ‘
{Conventional) _
Confainer (QEQ) 1.59 035 037 Q.57
Container (KQ) L1t . 045 on 0.55

Tabfe - V.6.23. Reduction of Cargo Handling
Cost (Shadow Price} ‘

Yer (Thossmed ey
1930 0

1981 3,552

1982 C 461

1983 4,714

1984 6,144

1985 6,740

1986 7336

1987 7,634

1988 ' \ 1

Table — V.6.24. Censtruétion Cost

(Shadow Price)
f. Construction Cost
Yeyr (Yhousand USS)
1980 850
1981 . 13,112
1982 14,560
1983 18649
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CHAPTER 7 FINANCIAL ANALYSIS

7-1 Assumptions and Others

In making the financial analysis in this chapiér itis ass’ninﬁed that the Port df Colombo atone
is managed as a self supporting enterprise, a!lhough the Sri Lanka Ports Authotity owns, controls
and manages not only the Port of Colombo bul also the Ports of Galle and Trincomalee.

The scopé of the financial analysis may be limited to the praject ltse_lf, bul in consideration
of the scale of this project compared to that of the existing Port, it is finally judged to be more
appropriate to review the revenue and expenditure, source and apphtalwn of l‘lmds and l"man~ 5
cial condition of the entire Port as a whole. o

The calewlations in this chapter asre nmade in terms of local currency.

7-2 Fixed Assets and Depreciation
7-2-1 Fixed Assets

(1) Estimate on lhe Value of l xisting Fixed Assets .
The Sri Lanka Ports Authority is a body corporate orgamzed by amalgamating the Colombo
Port Commission, the Port {(Carga) COrporaltor! and the Port Tally and Protective ‘ Services
Corporation. Both the Port {Cargo) Corporation and the Poit Tally and Protective Servicés
Corporation had been employing a business accounting system for their accounting, but the
Colombo Port Commission had not since it was a division of the government. At present, the Sri
Lanka Posts Authority is conducting a revaluation of the fixed assets of the former Colombo Port
Commission. Undér such circumstances, thére is no 'a‘ltemali\e but to estimate the vahie OI' the
fixed assets of the Port of Colombo at the end of 19?8 as mdlcaled in the following for the
financial analysis.
1)  Estimate on the value of fixed assets of the Colombo Port Commission Seclion
Only the tand and the assets of the extension work of the Queen Efizabeth Quay
No. 5 having been carried oul b:y the Colombo Port Commission will be counted as
fixed assets, because it is considered that the work of the Queen Ftizabeth Quay No. $
is the only large investment made in recent years.
In appraising the land, lands within thé Port and lands owned in sutrounchng
vicinity are evaluated as follows basing upon the tand prices in adiacent areas:
Land in port area: |
33,840 peruh X Rs 30 ,000/perch = Rs | {}I SM
Land in suuoundmg vacmlty‘
- 717,240 perch x Rs 3 OOOIpeto:h Rs 232\!

Land total o & Rs §,250M

(} perch = 25.3 m?, thus, Rs 30,000/perch is Rs 1,186/m?)
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fhe investment of about Rs. 26 million up (0 the end of 1978 for the Quecn Flizabeth
' Quay No. § extension work wnli be coumcd as the account of construction in process.

2)' ' Bstimate on the value of fixcd assets of the Port (Cargo) Corporation Sectlon and the
Post ’I‘ally and Protective Sewvices Como:ahon Section.
Rs. 20 mijlion (book value adopted as of the end of 1978)

'3)" l-'slim:’:lc on the value or fixed assets of the Post of Colo'mbo '

Using the above procedure, the fixed assets of the Port of Colombo at lhe end of 1978
are estimated as follows:

Land: D ' Rs 1,250 million

. Assels to be depreciated: - 20 million
Cons!mction in process: 26 millions

“Total ' Rs. 1,296 miftion

(2) leed assels by new |meslmenl

Amounls of annual inye slmenl ol‘thls pchct and fixed assets by account title are shown i in
Table-V.2.1.

7-2-2 Depreciation

Since the method of depreciation of the Sri Lanka Ports Authority is under review at this
stage, the following method will be adopted iri the financial analysis.

In respect to the assets to be depreciated of the new invéstment, the service life of each
Facitily is assumed as shown in Table-V.7. 2, and average service life computed is 27.9 years.

Basing upon this average sesvice life, the amount of annual depreciation is calculated by the
slra:ghl tine method, assuming no residual value. Depreciation equivalent fo actual record in 1978

will be considered fof the existing facilities. The fixed assets schedule of the Port of Colombo
mmputcd is indicatéd in Tab!e-\' 21.3. ‘

7-3 Revenue and Expenditure
7-3-1 Renecue ‘

(1)" l’stimal{ on animal lonnage of cargo handhd :

:\nnual IOnnagL ‘of targo handled in the Port of Colombo for con\enuonal cargo and
containérs: arc estimated from Pan 1 “F orecast of Tonnage of Cargo tlandled” and Part V-2.
“Facility and Equipment Plan” and indicated in Table-V.7.4. Nunibers of containers for impost
and expord in TEU ate calculated and indicated in T*:blu V.7.5

On and after 1987, the asmual tonnage of ¢ CAfgo handled and awmbers of containers are
assuinied 1O be constant. '
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(2) Classification of rev enue items and *unil charge - :
Usmg BU!)GIVI 1980 (dmfl) of the Sn Lanka Poris Auihonty as uﬁnn(\. ﬂm rnuule _
items are’ generally clasm_ﬁxd into 4 items; the Colonibo Por( Comumission’ Scetion, the Port
(Cargo) Corporation Section, the Port Tally and Protective Services Corporation Section and
Container Section. '

*Unit charge is déﬁ;téd as foltows;

in the case oi' conventional caigo-

| ————charge per ton

in the case of containers

‘ ———charge per TRU : . . _
However, for landmg & detivery and shipping of (‘on!amer SQtllDﬂ xhargns are
calculated the same as for conv enttonal cargo. ' ‘

Though some of the unit charges of | the Colombo Port ('omlmz-slon Sectlon ate To be
correlated  to the tonnages of shlps it is considered herv, that theésé are propo:lsoml to lhe
tonnage of cargo. Co :

Frony the above, actual ruords 0!' 1978 are adopted as current upit chargts for the Colombo .
Port Commission Section, the Port (Cargo) Corporation Section, and the Po:t Tally and Ptotediu
Servi ces (‘orporahon Sectu)n For the Confainer Section the it chatge per ’[EU is calculated
from the S5 Lanka Ports Authority's “Sthedule ofChargxs for Handlmg Containers” assummg a
typical flow of container cango.

Basing upon the annual tonnage of cargo handled Ihe estimate of revenue delermmed by
current unit charge of 1983 (the target year) and 1984 is shown in Table-V.7.6.

1-3-2' Expenditure -

 Bxpenditure is estimated as shown below. by chssnfymg it mlo -personnel e).penses
- maintenance and operating costs, management cosis, busnuss lum{ner !ax interests and depre-
ciation Losis . : . . : } .

Al lmt “the etpendﬂure in 1978 of the Colombo Porl (‘omm:ss:on Section is esllmated
from the Sri Lanka Pons Aulhonly s BUDGFT~I980 (draf(), it is then added to achue\ed Fguns :
of the Post (Cargo) Corporanon Section, and the Port Tally and Ptotectnc Semas Corporanon:
Section, thus the expendilure of cach item of the Port of (‘olombo in I9’18 is de(emuncd Then,
based upon these results, the annual e\(pendnlure for each ntem is calculated as shom‘z below for
the Port of Colombo as a whole.

Personnel expenses: : :

It is assumed thal tofal number of employees and Iabounrs will remain the same even after

_ mt:oducmg comenhonal cargo handling equipment. and comtainet handling equipment. But

- an annual mcnase of 10% is assunied up to 1984, and perwnnel c\pcnses for both cxlshng
facilities and new facilitics ar¢ combined together for estnmalmg thcm

\lamtenancx,and Operaling costs: ‘ . o
For existing fac;hhes 1hcse costs were calculaled alter clsss:fymg thcm into ﬁwd and
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vanablc expenses to reflect the acfual records. : :
For ncw Imcslmcnt (‘alculal;ons were madc by csiabhshmg pcrc»ntagcs of maintenance
and opcralmg uosis o the sum of muslmcnl for each facahty, as shown in Table-V.72.7,

\lanagemcnl cosls.
Basmg upon the assumcd costs for 1978 cos{s for bolh exls!mg facilities. and newly mw:sled
facilities are estimated together.
Interests: They are estimated yeaﬁy for cach of cases stated later.
| Deﬁf&iélioﬁf 'E'sl'imall'edjﬁs sﬁq\?'n in éhdpfer")_.?.?.
50% of prof't aﬂer depreual:on will be patd as faxes, and admdend of 4% per year will be
_ 'pa;d l‘o: lhc capnal lmestmenl by the Gmemmcnt (Rs. 1, 332 million at end of 1978, and Rs
i; 336 nulhon altes 1979).
7-4 Re\'iew on Level of Unit Chaige
7-4-1 Funds Raising

Required funds for this project in foteign currency ard local curtency are shown below.

Foreign cursency: Rs. 844 million

Local currency: Rs. 257 miltion
Tolal: 7 Rs. /1,101 mittion

Concerning  the fund raising, it is assumed that long-term loanfloans from foreign
countsyfcountrics will be made for foreign cusrency and loan friom the Consolidated Fund be
made for local cusrency. In referring to loan terms by intérnational financial institution, such as
ADB, 8% interest and a 20-year loan term (including S-year term of deferment) are assumed.
Subud) or capital investment hy the govemment for the loéat currency portion is not assumed

because ‘of the: independent profil system of Post Management. Loan from the Consofidated
Fund will be cepaid in lS or 20 )eam

7-4_-2 Review on _(‘ ases

Financial soundness will be reviewed for the three cases as shown in Tabie-\' 1.8 in respect
to the terms of fund raising and unit charges (charge other than containers):

In a1l three cases shown in Table-V'7.8, 8% interest and 20-year lerm are assumed for loanf
toans from foteign ¢ ‘ounlryhounlms. In addition to the above, the case as shown in Table-V.7.9

will be also reviewed whete ln.nns simitat to those of ‘a’en credit secenlly extended by Japan to
Sri Lanka is adopted:



7-4-3 Rcé.ults of hcticw

Ti\rce finam:ial slatements for a proju,t life of 25 yeats fmm the muslmenl b-.gmmng in
the year 1980 and endmg in the year 2004 were pnpar\‘d for each case as shown in Tabh-\' 7.11
“Statemcnl of Revenue and l‘\pcndltme“ Table-V.7. 12"Sfahmcnt of Source and Applicahon
of Funds™, and Table-\' 7.13 “Ba!an-:c Sheet”. Opcmtmg ratm and return on net fixed asséts for
vach case are shown in Tabte-V.7.14.

Each case is reviewed hereinafter;

(1) Case A where cutrent unit chargs remains unchanged ‘

This is the case where the local currency fundmg will be bormx\ed from the (onsohdated
fund without interest. Estimated reveriue in 1983 (larg,ct )ear) and 1984 based on the ¢urrent
unit chargo is shown in Tabte- V.1.6. ln this case, though proﬁt alter depreual:on can be
expected, there i is probably no allowance for paymg dw:dends to ihe Lapltal mves!ment by the
government al'ler Iates are paid, and uses and management ol' funds may become wry dtfﬁcull to
perform if such a dividend is paid. Also on the balance sheel, part of lhe fixed assels must be
obizinéd in future by using cursent liabilities, which is not desuab!_e'ﬁnancml‘ly.

(2) Case B, where the current unit chargc is raised by 25% N :

This is the case where the local currency l‘undmg will be bordowed fmm Ihe Consohdaled
Fund with 8% interest and 15-year term. :

Revenue eshmated for 1983 (target year) and 1984 based uﬁvon 3 new unil charge which is

h:gher than cusrent unit chasge is shown in’ Table-V.7. 10. (Conlamer chargc remains
unchanged.)

) 25%

In"this case, a 4% dividend lo the capital invesiment by the go\remmenl is poss:ble after
paying SO% taxes from the profit after depreciation.

COmpared to Case A, both operating ratzo and felum on net fixed assels can be greatly
improved in this case.’ '

(3) Case B, where the carrent unit charge is raised by 25% -
In this case the terms are more advantageous 1o the Post of Cotombo lhan in Case B, sisice '
4% interest and 20-year lerm are used instead of 8% and 1 5-year for (‘ase B, Bt Sm'h change in
loan terms affects the financial condition only shghlly !
Also, from the financial statements for Case C, it is kn(‘mn that a raise dl' only 18% for the
current unit charge will be sufficient if loan]loans with low: er interest are available from abroad

7-4-4 Co:i'\men(s: .

' The current umt charge musl be raised by appr{)xlmately ’25 excepl for c0ntamers if
the mdependenl profit systcm of the Port of Colombo is to l'unchon l!m\evel‘ a !mur increase
in unit charge is possible if-lower interest lt)anlloads l‘mm abroad an, availablée: Bven if the
cufrent uml charge remains unchanged it is conndered Ihat the managenment ¢an be DOSSlb!b
without difficulty if funds equiring no iiterest are ra;sed for the local currency portion and
dividend 1o the caplla! investment by the govemment is not required.,
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7-5 Intemal Rate of Returm (Finaiclal)

 Theof f;"&l_s of investment for this project is financially reviewed below. All analysis made in
ilhé fdrcgoiii'g patagraphs are for the whole of the Porl of Colombo. However, the profitability of
;lhé project - wilk be jirdged inﬂépe’ﬂdériuy_iri the analysis made here. Thus, profit before
}dcpr‘eciation'and before interest paymient corresponding to 'l_he amount of investment for the
Project must be calculated for cvery year. And the estimated amount of profit before
depreciation and before interest payment (Rs. 134 miltion) fos thie Porl of Colombo in 1978 will
be deg!uc_:t'ed f;oﬁi the bro'ﬁt;b‘eforc depseciation and before interesl payment of ‘each year
aftes 1981 ‘when investment effects seem to appear, and the result s considered to be the profit
befdrcjd'él_ircicii'a'lion and before interest payniénl,'which. cd;r‘c’sbonds to the amount of investment

- of the project of each year. . o _ ‘
_ By using the above method, the financial rate of retusn (FRR) for Case B,, calculated on
~ the independent profit system of the Post of Colombo, is 8.22% as shown in Table-V.7.15. The
r‘ela!i(}nsh_ip between the percenlage raise in unit charge of this project and financial iate of
return is shown in Table—\'.?._l 6. |
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Table - V.7.1 Amounts of Annual livestment and Fixed Assets

by Account Title

1 i9so ] thest | 1982 1983
“Iavestment - - 131 282 234 b 4se
{Accumulated lnvestment) 3 | @y ey orLten
T} hand R . _ 143
ltems | - Assetstobe depreciated - - 18 | 143 29 698
Cons!ruclioninProcessa!e 13 1390 208 --

" Note: The differense of Rs 30 mﬂhon bemeen lota! of ln\eatmenl and totat of Land and
Asseislobe dep:euated i duz to conslmchon cost of QFQ #5 which was already

invested but will be transferzd info Assets to be depreciated of 1981 \shen con-

struction work is ¢ompleted. -

“Table — V.7.2 Service Life of Facilities

items Sem ce life ()ears)
 Quaywall .50
Revelntent .50
Building 35
Pawer, lighting, water upp!y 15
Pavement a ; 15
Floating crane ' ' 12
Equipment 3 : 7
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1980

I'prpl_l

T OFCL

eL
Total

-lmpoﬂ

‘ FCL'

LCL

EMPTY
Tolal

Transhlpmem :

3520
880
4,400
13,520

880

4400

'193; .1_982 ] 1983
3520 | 11,800 | 11800
880 | 2,900 | 2900
4400 | 18700 | 14700
3,520 [* 11,800 | 11,00
880 | 2900 | 2900
14400 | 14700 | 14,700

T'lble - ¥.7.5. Lshma te on Numbe:s of Coniamers (in TLU)

1984
35,300 | 35300
8,800 | 8800
44,100 | 44,100
' 23500 28,300
5,900 7,100
114,700 8,800
44,100 | 44,100
7400

4,400

1985

1987

1986
35300 | 35300
8800 [ 85800
44,100 | 44,100
33000 | 35300
- 8200 | ss800
2,900 -
44,100 | 44,100
1,500 -

Notes: 1) I\umber of con!amers is calcuated on basis

‘ ~ 2) " Ratio of FCL to LCL s assumed 80/20.

"3) For Emply containers, it is assumed Lhat diffe
“exporl and impost is brought into the Port as

—375--

of 17 tons casgo per TEY.

rence betwean nusmbers ofcon(ame:s required for
empfy {without ¢argo)
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Table — V.7.7 Maintenance & Operation Costs in Percentage of Investmeénd

O items

- Straddle carrier

Cargo handling equipment other than straddle carrier

| ‘Building, power, lighiing','waler supply

Pavement, waterway, anchorage, roads in porl

| duaywa!l, Rei'elménl .

- Percentages

10%

~Table — V.7.8 Condition for Case Study (Cases A, B, ‘and B, )

Con sotidated Fund

Tariff Rate

S-years deferment)

Case Long-term Eoan
Interesteale: 8% | Nointesest _
A Term: 20 years {iﬁc!u"di.n_g' Teim: 20 years (including | Current tariff
. S-years defermént) S-years deferment)
, : Interest rate: 8% Raising current tardff éxeept
B, Safme as above Term: 15 years {including | for container by 25% on and aftes

1981.

Intesest rate: 4%

B, Same as above Term: 20 years (including | Same as above
S-years deferment)
Table ~ V.7.9 Cendition for Case C
Case Longterm Loan Consolidated Fund Tarif¥ Rate
Interest rate: 3% Interest rate: 8% Raisfng cuteent tarifl except
C for conltainer by 18% on and after

Teeny: 30 years (including

10-years deferment)

Term: 15 i'ears (including
$-years deferment)

1931.
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© Table - V.7.14 Operating Ratio and Return or'n'Ne'l Fixed Assefs

B | Case | 1983 1984 1988 | 1994 2004
1A | evan | wax | sorm 85.0% | 806%
Operating Ralio B | 854 . . 849 196 . 39 69?
| B, | 8s0 834 | 787 742 ] 697
C 8.1 | 798 785 18 136
_ A 24% 4.3% 5.2% s8x | T0%
Return on By - 64 g1 | 9 08 | 3
Net Fixed Assels B, 64 8 9.5 105 127
c 53 7 83 9.2 i
operating expenditure . ‘ '

Note: 1. operating ratio : x 100

operaling revenue
2. Return on net fixed assels '
Profit after depreciation and before interest
nel fixed assels at end of year

x [00
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Table -- V.7.15 Financial Rate of Return (Case B )

{Unit: Million Rs.)

—-383—-

. : Net Surplus Present Valug Dis_&imnlec! at 8% ]
- Project Cost Revenue Project Cost : Neh §:1 ég{lt;s
9tupior (9 18
21 1972 1 2
-7 1973 2 3
-6 1974 2 3
-5 1975 30 {2 3
-4 1976 3 4
-3 1977 4 s
-2 1978 3 3
-] 1979 L 4 . 4 )
o - 1950 131 131
-t 1981 282 46 261 43
2 1982 234 61 201 52
3 1983 454 30 360 24
4 1984 90 66
5 1985 91 64
5 1986 . 105 66
7 1987 109 64
- 8 1988 59
9 1959 55
10 1990 50
11 1991 47
12 1992 43
13 1993 40
14 1994 37
1S 1995 34
16 1996 32
17 1997 29
I8 1998 27
19 1999 25
20 2000 23
21 2001 22
2 2002 20
7 2003 \ 19
24 2004 109 17
_Residual Value T 3 ] 59
Totat 1,831 2,761 998 1,017
FRR = 822%



" Table — \'_.?.IG Relation 'belwiéeﬁ Taniff Rofée and FRR

Percentage of tariff raise - - FRR
| 10% _ 1.87%
18% 5.08%
25% 8.2%
30% 10.47%

_38‘1—



3 A TR R T - - - - - ~ ~ - - - 0T
| ~
e R I 2 R T R - S R - A S R e v

_ .

' F k : b d
€99 | S | SEC | 69T | ST | 96 | &ST | omT o Cosos | et ot ser | = - o= | TS
e | 8¢ | o2 9L | LS s 169 | o ¢ % 9L 0§ St - ‘ - - 1 6860
166 1 oor 19T 608 | 9 £ s oW 28 608 #5 5L R %361

, | | ’
SO T | St s | R §88 1 SL a8 B8 6S £ - - - 861
01 | v | ot §s6 | €L SL L6 | 8 ot ss6 €9 £l - - - 9361

. _ ' .
SLOT | or S | 80| 8L o7 6107 | &8 o8 £20'T 89 £t - - - 5861
001 [ e - L 8L |- 100 88 - 0rr 89 - - M 861
00T 9 - 001 | 29 - o | 0L ~ 0T $s - ovl | #IE | wsy | £Rsl
e _ oz - m o | o6 ~ L9 T - L9 ¢ - 5 6L | wET | I86l
! : .
$Te ﬁ ot - g |0t - EI - g1y 61 - [ £ | W | s
RO - 1€t 5 - 161 § - 1€1 g - € 8ot 1€t 0861
pp— i
unowe C P gnowe unowr oW . .
OW“MM ,_H.Aucou:H p e 1 ...W“wu.n bahonlig) Adow oWﬂ“.“n WYY Juat uwﬁr—qw i€ IANUL R pung uro! Juaw |
RY -Aeday | WU | -Aedey uereg . Aeday | VT -ATdSy | NEPROS | wud 189AU]
i . : - ‘ -u0y | -Suey

sy vormA mwn)

SINPayS ueeT ULBUOT LT°LA ~ IATL

-385-



166 “ gL | sis | 99T ove | ezc | ote | so | eos | ze m bT¢ | 908 | €8T | S8T | oS S ey
ssT | T | el : ler o ver | 1= le= T8t gL | T 6e1 | ozet | 140 01 WOILIN
v | sor |z es g5 e g5 €5 | €5 |5 “ g6 1€ |5 o~ |- 1uapIg
0% | 98y iy €L CL 99 9 o5 oS ICARE R VAN T 1§ 631 | TEI | WL dWOdULaNgEInoid
oz low s g loL Lo 1 lgs s |wo | ILojer [T L= = T ey swosuy
sl | T6 | 6ce | owl | owt | €6l | TS | sor | tor | 38 TeL ) ST S0L 631 | ser | vonewasdaqar ol
Dt bser s se lse | seeiss |se seo|Togpmop9oep Tl 2 wonRadaq ST
SITC | eT | WOT | 8T | SLU | 89T | LST | owr | 98T | w6 | £5T | 8T | s | 16t | wer S e
AR R AR e NEETS o)
os 1os los |0t |or [or jor for pou o |6 8 L 5 |9 R
T m g0 oz |ze | % st | TR 88 88 oL W IS - - SO U0 ARG
P I A A A Y I A A T I A S A IR Iy
09 109 09 Tl Tl (A <l el Tl 1l ! 01 [ o1 | ﬁoo‘couab&c@?‘
sz s ls | e g5 | g5 eSS [T T p R g | € O ontisdn
cos't | sog' | sos | 9% | 19¢ | 198 | e | 196 | 19¢ | STE | 86T | LT | 9T | #ET | 30T 1507 [ULONS
_ . -draipuadyg
e owe | oere | 9w | 9% | 98 | 89 | 129 | (99 | 195 | 195 | ¢I5 | 60v- | 60F | 08¢ moy,
0£CT | oszt | OEET | 99T | 99T | 99T | 9T | SsT | ST | 68 | 68 T o= |- UONII JSUITIUED
opl | 0wl | 0¥ 8T | 8T | sT | s Tl 9T T .St p | AT | 6T W VORI ISdLd
omrt | omr | owrl | st | v8T | #8T | wST | SRC | L8C | OSE | 05T | OLE | 06T | ®TE | 66T voRaas KON
osc | ovs | Ovs | S0r | $O1 | 800 | SOT | v0U | (01 |46 | 46 | €6 | 9% |9 | uonO3s DD
o _ _ |  snusay
SIDIA § | MIBRA G | SINMA S . : :
o00T~ | 6661~ | 4661~ | 6861 | S861 | LR6T | 9861 | S861 | 2861 | €861 | TR6T | 1861 | ORGL | 6L6T | LG
0007 | $661 | 0661 _ "

~{*¥y VOO )

{ 1g 95ED) JIMIPUIAXT PUT INUSAIY JO JVOWAIS 1'L'A — JCL

386—



I3 jo pug

_ ﬂ _ _
69 | 50 _ 151 | ossr | ooz T6T | 9Te | s9¢ | Sv 4 RS | 18 | Ise | sE | €z€ 11 SIO8SY 303D 19
| _ 4 J0 Bureusd
¥ | I ‘ s | e lete s | ey ase | oawe | s | e | sz |z A Koy
I R A A B - R A R T 10 (<) oo
SSL _ PSO'T 1SS0l | SOT | SOT | TOT | 961 | ST | %01 | s#§ | %§¢ | 11v | 95 | ¥ ™oL,
$9¢ §97 §9T £ | PEy £s £s £s £s B £s £s g - 1uplay
0% |98 [ SIe gL (0L {49 |1 g5 |1l |1t |9 | 2s |- XL Swoduy
. n TRIONO
== lum ber o ler fer o let et 1= | = = 1= |~ |- O osiafodon
- - - . - - - _ - _ SULOY W
m,.wr MMJ._.( @W m.m ﬂw OW WV .&COIH -«OuEUE_h__unOM
- - - - - - - - - . om uoutppY
PSP PET e8C [€1 s IV paNrg Jjo »»00
: spung 10 vonnsnddy
SIET | LeTT | p0O'T [ IST | SLI [ 891 | 41 g ow1 | $¢r | svs | .86 | oW | 9€T | s€l 190)
N Bl S T S ST R B T B B T A RO
- - - = - - - - ~ Jort | ss |65 | ¢ pung PARTHIOSUOD
- 4 - - - - - - - - v1€ | 641 | 2T | sU SURCT uNBUOT
apmiy ! - . . . : - uonEwadag
S LeTT | 00T IST L SLL | 891 | 48T | Ovl | 9L | w6 | 51 | 8T | S0l | ig1 51630 130G
Spung jO IN0S

CRTIAE Q.B\nw RIA ¢ o : . o
POOT~ | 6661~ | PE6I~ | 6861 | 861 | LS6T | 9961 | $96T | 861 | €861 | <861 | 1861 | 0861 | 6161
Q00L | = S6611 0661 ! , T o I e

8L61

(sgoommw awry: -

- {1g 35T) vpuny Jo uoRLIHAAY U 0INOS JO WUSWNEIS G1'L° A= dQeL

-~38%7-



1257 | SL0T | #STT |.S6CT | SS9°T | 005T | 685 | £99°T | 9wLT L eowz | o] ssoT | oser| 29| ser o omey

. - - - ) e o~ & COm.A. 0.

166 |osL |sts |99 |.gpe | 6if ___oz‘ 20¢ | 60¢ | siE | vz | 90g | g8t | ssT | 98t ot SRS O
T - - L1 [ gstp et | S0T | 1T | ST | LSS AL £ pung pATPIONUQ)D
1= lest wws jomo joo Tee | s [ wR ey 0S5 | Is€ ST o§ <)< uro waaduoy
Coeet | 0eet | 9561 | 9551 | 95EL | ST | SSTL | 9681 | 96T | 98CT | SETT | 9ETL | 9ETT | 9EET 1 TELT Pieviguiicd
m _ ., pakordwy ende)

| . | o

! | ]

(6T | 20T | ET | 66T | SS7T | 0T8T | 685 | €99T | 9T | 6puT | LOCT | SSOT 1 OSUL ) 19T | 889 | moy
oo 99T | 15t 1 Sec |29 | o6 | 9TC | §96 |1y | (8¢ | ISE | TE | €16 | €26 | T6T | 7 SNVIuan0N
. p - . . . . | X ’ . . . . . . Ud.:ﬂoﬁ .
= ko= lo=Hlo= =l - == e Dless dlast e e st )] Cyuomeames)

vz Y|(s1e ) |(oss )|(s9L )| (0os ) {(ses d|(oLs Y|(s0 Yilows ) |(ses ) (68T Ni1E ) (et s ] Gl poms o

(g65'D) [(g6¢ 1) (g6 (g6 1) | (E6€'T) (g€ 1) | (g6e" 1) |(86£'D) [ (s6ED) (gos 1) | (05T 1) | (0sT'T) (05T 1) | osT1) | 05T 1) | (pury)
“gco't [ 8081 | €861 | SST'T | 61T | STTT | £9TT | 86TT | €557 | S9€T | STEL | €OL'L | LTH'L | 86T | 96T SISy PN
. IR

YOOT | 6661 $661 | 6861 | 88GL | LRI | 9861 §861 M.qwﬁ‘ SR6T | TH6T | [R6L | OR61 | 6L6L | RLG!

(g vormn nren)
(1g aseD) 39S doucieg OT'L'A — JAtL

—388-













T




	PART Ⅴ URGENT PLAN
	3. Standard Design of Structures
	3-1 Types of Structures
	3-2 Crane Foundation of the Queen Elizabeth Quay No.5
	3-3 Crane Foundation of the Queen Elizabeth Quay No.4
	3-4 New Container Wharf(Korteboam Quay)
	3-5 Establishment of Soil Survey System

	4. Construction Plan
	4-1 Basic Concept and Methods of Construction of Major Facilities
	4-2 Worksite Camp
	4-3 Construction Materials,Equipment and Crafts
	4-4 Construction Plan

	5. Estimate of Construction Cost
	6. Economic Analysis
	6-1 Method and Alternative
	6-2 Benefits
	6-3 Costs
	6-4 Shadow Pricing
	6-5 Economic Returns

	7. Financial Analysis
	7-1 Assumptions and Others
	7-2 Fixed Assets and Depreciation
	7-3 Revenue and Expenditure
	7-4 Review on Level of Unit Charge
	7-5 Internal Rate of Return(Financial)


	Cover

