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SUMMARY 

The present study on the a p p l i c a t i o n of personal com 
puter s i m u l a t i o n modelling f o r p o r t planning of Main 
Public Terminal, p o r t of Palembang, Indonesia, was 
c a r r i e d out as a p a r t of the requirement to o b t a i n 
M.Sc degree of IHE, D e l f t , the Netherlands. 

The main problem which w i l l be solved i n t h i s study 
i s t h a t concerning the Main Public Terminal (MPT) ca 
p a c i t y : b e r t h i n g , cargo handling and cargo storage 
capacity w i t h i n the time span of development plan,up 
to 2005. The o b j e c t i v e of the development plan i s 
then defined, i . e . to provide MPT the l e a s t - c o s t of 
po r t operation c o n s i s t i n g o f p o r t investment, ship o 
p e r a t i o n a l cost i n p o r t , and cargo handling cost. 
Thus the r e l e v a n t c r i t e r i o n to be used i s the optimi_ 
z a t i o n of b e r t h l e n g t h , storage f a c i l i t i e s and other 
major f i x e d investment. I n order t o f i n d the proper 
s o l u t i o n f o r the above problem, the s t r a t e g y of the 
development plan i s t h a t the less-cost p o t e n t i a l so
l u t i o n should be f i r s t i n v e s t i g a t e d . Thus f i r s t i n 
v e s t i g a t i o n i s concerning the o p e r a t i o n a l improve
ment measures : the longer working time and the more 
e f f e c t i v e • cargo handling., operation . These measures 
are covered i n the Port Improvement A c t i o n Plan be
ing implemented at present. Only i f these measures 
cannot solve the above problem, the expansion of ex
i s t i n g MPT or even the c o n s t r u c t i o n of new t e r m i n a l 
w i l l be considered. 

The i n v e s t i g a t i o n of the f u t u r e MPT capacity obvious^ 
l y necessitates the an a l y s i s of the f u t u r e MPT de
mand : cargo f l o w and ship t r a f f i c . Based on the pre 
sent maritime p o l i c y and l o c a t i o n and f u n c t i o n of 
MPT,several assumtions • were made : l i m i t e d s h u t t l e 
service Tanjungpriok-Palembang, c o n t i n u i t y of pre
sent shipping Slngapure-Palembang and LASH service , 
l i t t l e d i v e r s i o n t o new deep-sea p o r t of Bengkulu 
and f e r r y p o r t of Bakahuni, gradual s h i f t from mid
stream operation t o MPT, and medium l e v e l of c o n t a i -
n e r i z a t i o n . Together w i t h asumptions made f o r each 
commodity, the r e s u l t i n g t r a f f i c f o r e c a s t - a t the MPT 
i s : 

1986 1990 1995 2005 
Cargo flow (000 t ) 

I n t e r n a t i o n a l 88.5 132.5 222 .0 437 .0 
Domestic 218.5 267.5 345 .0 722 .0 

(T o t a l ) (307.0) (400.0) (567.0! ! 1159 .0 
of i n t . i n TEU 2140 4500 8000 19000 
% c o n t a i n e r i z a t i o n 16 23 35 49 

Annual s h i p c a l l s 875 1083 1406 2662 



For a complex system such as MPT system, the simu
l a t i o n becomesamore appropiate t o o l to i n v e s t i g a t e 
b e r t h i n g capacity than the queueing theory. More
over, t h i s technique o f f e r s i n f o r m a t i o n s needed 
f o r cargo handling and storage a n a l y s i s . The a v a i 
l a b i l i t y of the Personal Prosim software provided 
by Haskoning l e d to the use of Prosim s i m u l a t i o n 
language f o r t h i s study. One main f e a t u r e of t h i s 
software i s t h a t i t i s destined f o r use on perso
nal computer. The f o l l o w i n g b r i e f explanation con
cerning various aspects i n the s i m u l a t i o n modell
in g of MPT : 
a. Desired outputs were determined mainly based on 

the i d e n t i f i e d problem and s p e c i f i e d purpose of 
t h i s study. They can be grouped i n t o : time r e 
l a t e d , cost r e l a t e d , and miscellaneous o p e r a t i 
on outputs. 

b. Data gathering aims a t : f o r i n p u t s ( t e r m i n a l 
f a c i l i t i e s , o p e r a t i o n a l parameters, ship and 
cargo ), f o r v a l i d a t i o n (1986 b e r t h u t i l i z a t i o n ) 

c. Model b u i l d i n g includes : schematization,verbal 
model ( or c o n f i g u r a t i o n - , s t r u c t u r e and pro
cess d e s c r i p t i o n ) and coding/programming. 

d. V e r i f i c a t i o n 
e. V a l i d a t i o n : the Actual data reside w i t h i n the 

i n t e r v a l of 95 % confidence l e v e l of model gene 
ra t e d data. 

f . Experimental design f o r determining s i m u l a t i o n 
time.The regenerative method was proven not ap
p l i c a b l e . The repeated runs method was consider 
ed not p r a c t i c a l . Using the one run f o r several 
subruns method gave s t a t i s t i c a l l y acceptable si^ 
mulation time of 3)^ years, c o n s i s t i n g of i n i t i 
a l i z a t i o n phase To of 3 months and gathering da 
t a phase Të of 3 1/4 years ( 13 subruns of 3 
months). Howevnr, by considering the IBM PC-AT 
computing time not to exceed 2 hours f o r p r a c t i ^ 
c a l reason, Te of 2 , 1 and Vz years were taken 
f o r 1986 & 1990, 1995, and 2005 experimentation 
runs r e s p e c t i v e l y . 

g. Experimentation runs were arranged based on the 
s t r a t e g y of the development pl a n . 

h. Documentation and i n t e r p r e t a t i o n of outputs. 

. The 1986 e x i s t i n g and f u t u r e requirement of b e r t h 
ing and storage f a c i l i t i t e s , f o r I n t e r n a t i o n a l Sub 
t e r m i n a l (IS) and Domestic Subterminal (DS) : 

1986 1990 1995 i 2005 
IS DS IS DS • IS DS IS DS 

a. Quay (m) 360 375 360 375 360 400 510 400 
b. Shed (000 m2) 

- NCC 8.8 2.4 2.7 2.6 3.1 4.3 4.2 
- CFS - _ - _ _ 6.0 -

c. Yard (000 m2) 
- NCC 8.2 4.8 2.2 7.0 2.5 13,0 4.0 
- CY 10.0 10.7 - 18.0 - 21.0 -

1988 : 18.0 



Thus major expansion of storage f a c i l i t i e s of IC :-a.nd 
some m o d i f i c a t i o n s w i l l have t o be in c o r p o r a t e d i n the 
p r e p a r a t i o n of the 2005 MPT masterplan l a y o u t . 

The a d d i t i o n a l of quay l e n g t h was not because of b e r t h i n g 
c a p a c i t y reasons, but f o r b e t t e r cargo handling o p e r a t i o n . 

With regard to development p l a n , the f o l l o w i n g conclu
sions and recommendations were made : 
a. I t i s suggested t h a t the f u l l - s c a l e of the mul 

t i - s h i f t working system be implemented as soon 
p o s s i b l e . However, i f t h a t suggestion cannot' be 
c a r r i e d out immediately, the gradual improvement i s 
recommended. I n t h i s case, the t w o - s h i f t " wbrking 
system w i l l have to be achieved by 2005 

b. As f a r as the above op e r a t i o n improvement are taken 
at proper time, the extentiön of quay, e i t h e r i n t e r 
n a t i o n a l or domestic, w i l l not be r e q u i r e d u n t i l 
2005. Furthermore, simulated 2005 s i t u a t i o n i n d i c a 
ted t h a t f o r development a f t e r 2005, the ' domestic 
quay w i l l l i k e l y have to be extended f i r s t before 
any attempt t o b u i l d a new i n t e r n a t i o n a l quay. 

c. There w i l l be no expansion o f domestic non-contain
er cargo (NCC) storage f a c i l i t i e s . Eor 'storage f a 
c i l i t i e s , of e i t h e r i n t e r n a t i o n a l NCC or container , 
some m o d i f i c a t i o n s are needed by 1995 and major ex
pansion has t o be executed by 2005. 

c. A lar g e - s c a l e replacement of cargo handling equip
ments should be c a r r i e d out p a r t l y by 1995 and part^ 
l y by 2005. 

. With regard to the u t i l i s a t i o n of computer s i m u l a t i o n 
modelling, i t turned out t h a t t h i s technique o f f e r s va 
r i o u s outputs which cannot be obtained by applying o-
th e r technique, such as : d e t a i l e d composition of time 
spent by ship i n p o r t , r e s u l t s of v a r y i n g planning i n 
t e r v e n t i o n s ( quay l e n g t h , number of quay crane, opera 
t i o n a l f a c t o r s ) , and i n f d r m a t i o n regarding d a i l y a-
mount of cargo i n storage f a c i l i t i e s . However, t h i s ef 
f e c t i v e technique should be c a r e f u l l y a p p l i e d , especi
a l l y i f i t i s a s s i s t e d by present-day. pe^sonal compu -
t e r . There i s s t i l l a s t r i c t t r a d e - o f f between a great 
d e t a i l e d outputs on "the one hand and computing time 
c o n s i d e r a t i o n and capacity l i m i t a t i o n of the personal 
computer on the other hand. 
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chapter I 
INTRODUCTION 

I . l General D e s c r i p t i o n 

Palembang which i s the c a p i t a l c i t y of the province of 
South Sumatra, has been a commercial centre of t h i s region 
since the Sumatran maritime kingdom of S r i v i j a y a rose i n the 
7th century AD and c o n t r o l l e d much of the tra d e of South East 
Asia by r u l i n g the s t r a i t of Malaka between Sumatra and Malay 
peninsula. Figure 1.1 shows the Palembang p o s i t i o n i n t h i s 
r egion. 

The p o r t of Palembang i s s i t u a t e d approximately 100 kms 
up the Musi r i v e r from the deep sea (see f i g u r e 1.2). A 
number of shoals i n the r i v e r and a bar (shallow p a r t ) a t the 
entrance r e s t r i c t the n a v i g a t i b i l i t y of t h i s r i v e r . Being a 
t i d a l r i v e r , i t i s also dependent on the incoming and 
outgoing t i d e , where the t i d a l d i f f e r e n c e s a t the bar and a t 
Palembang are about 3.10 m and 2.40 m r e s p e c t i v e l y . 
Nevertheles there i s f a i r l y extensive development along both 
r i v e r banks near t o the Palembang c i t y , where various 
w a t e r f r o n t i n d u s t r i a l areas are provided w i t h 
loading/discharging f a c i l i t i e s . 

Loading/discharging of cargo a t the p o r t of Palembang i s 
p a r t l y c a r r i e d out v i a the p u b l i c t e r m i n a l , p a r t l y v i a the 
p r i v a t e t e r m i n a l s , and p a r t l y i n midstream r i v e r (see f i g u r e 
1.3). The p u b l i c t e r m i n a l , which i s owned and operated by 
st a t e company Public Port Corporation I I (Perumpel I I ) , 
branch Palembang, con s i s t o f : the main p u b l i c t e r m i n a l (MPT) 
at Boom Baru, s a i l i n g vessel t e r m i n a l (SVT) at Sungai La i s , 
and raid-river dolphins (mooring f a c i l i t i e s ) a t the f r o n t of 
the MPT'. Whereas the p r i v a t e l y owned t e r m i n a l s i n c l u d e : o i l 
j e t t i e s a t P l a j u and Sungai Gerong operated by Pertamina, a 
f e r l i z e r j e t t y i n use by PT P u s r i l o c a t e d opposite P l a j u , a 
coal V7harf a t K e r t a p a t i operated by PT Taba, a s a l t j e t t y a t 
Palembang used by PN Garam, and other wharves along both 
r i v e r banks where loading/discharging of cargo i s handled by 
p r i v a t e companies. Meanwhile, the midstream operation takes 
place i n the anchorage area i n the r i v e r . 

Only the Main Public Terminal a t Boom Baru w i l l be 
studied i n t h i s r e p o r t . As shown i n the f i g u r e 1.4, t h i s 
t e r m i n a l can p h y s i c a l l y be d i v i d e d i n t o two continuous 
wharves: 

( I ) Western/upstream p a r t : 
Length: 375 m, r e i n f o r c e d concrete 
Shed: A + B ( 624 + 1.171 m2), D + E (1511 + 1.131 m2) 

H (1.375 m2) 
Yard: a t the f r o n t and behind sheds 
Trade: i n t e r i n s u l a r ship t r a f f i c , i n t e r n a t i o n a l and 

domestic cargo i n the storage f a c i l i t i e s . 



( I I ) Eastern/downstream p a r t : 
Length: 360 m, r e i n f o r c e d concrete 
Shed: (3000 m2) 
Yard: - behind shed I 

- the e x i s t i n g yard of 15.000 m2 being 
repaved and expanded t o approximately 27.000 
m2, completed by 1999 

Trade: i n t e r n a t i o n a l ship t r a f f i c (mixed i n t e r i n s u l a r 
and i n t e r n a t i o n a l ship t r a f f i c on 100 m long 
quay near t o the western/upstream p a r t ) , 
i n t e r n a t i o n a l cargo i n the storage area. 

The n a t u r a l water-depth a t the f r o n t of t h a t wharves, i s 
about 7.00 m below LWS [ 7 ] . For the present operation, 
t h e r e f o r e , p r a c t i c a l l y no maintainance dredging i s required 
at the quay side. 

The successive and step-by-step development p r o j e c t s 
have been executed i n the past i n order t o cope w i t h the 
a n t i c i p a t e d trade growth. The l a s t study, which included a 
masterplan, f e a s i b i l i t y study, s i t e i n v e s t i g a t i o n and 
engineering design, was c a r r i e d by Haskoning, Royal Dutch 
Consulting Engineers i n a s s o c i a t i o n w i t h PT Delta Tama Waja 
i n 1983/1984. This study mainly based on the Four Gateways 
Port System p o l i c y (see Annex A l ) , which channels a l l 
i n t e r n a t i o n a l cargo through the Gateway p o r t ( i n t h i s case: 
Tanjungpriok) and t r a n s h i p p i n g t o / f r o m c o l l e c t o r ports ( i n 
t h i s case: Palembang), which would lead t o a progression of 
u n i t i z a t i o n of i n t e r n a t i o n a l general cargo. This p o l i c y i s 
expected t o be implemented by 1990, when the i n f r a s t r u c t u r e 
requirement both i n Tanjungpriok and Palembang t o cope w i t h 
the f o r e c a s t throughout, w i l l have been completed. The 
consultant's recomendation was t o develop the so-called 
Multipurpose Terminal at the e x i s t i n g i n t e r n a t i o n a l quay, 
incorporates a Container F r e i g h t S t a t i o n (CFS) shed, Non 
Container (NCC) Shed, paving area of 30.000 m2 f o r both 
container and non container cargo, the c o n s t r u c t i o n of new 
service boat j e t t y , and purchasing of new a d d i t i o n a l cargo 
handling equipments. This p h y s i c a l f a c i l i t i e s development, 
together w i t h t e c h n i c a l assistance and t r a i n i n g , f o r the p o r t 
of Tanjungpriok, Panjang, Palembang, Telukbayur and Pontianak 
( w i t h i n the region of Perumpel I I , see Annex A4) i s known as 
the National Ports Development P r o j e c t (NPDP) cofinanced by 
World Bank. 

However, there were three important events i n 1985 which 
could considerably deviate the consultant's t r a f f i c f o r e c a s t . 
F i r s t , the Pertamina has been o p e r a t i n g a new speci a l j e t t y 
f o r i t s aromatic product since 1985. Whereas t h i s product was 
expected t o be handled at the Main Public Terminal i n the 
consultant a n a l y s i s . The second major event was the o i l p r i c e 
collapse, from- 25 US $ t o less than 10 US $ per b a r r e l , 
w i t h i n j u s t a few months. Because the c o n t r i b u t i o n of o i l and 
na t u r a l gas was close t o 70% of export revenue, obviously. 
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t h i s event l i m i t e d considerably the a v a i l a b i l i t y of f o r e i g n 
exchange f o r import. The t h i r d event which brought greater 
impact was the i n t r o d u c t i o n of the new trade p o l i c y w i t h 
respect t o the t r a n s p o r t a t i o n , included Inpres 4/85, 
implemented since A p r i l 1985 (see Annex A2). As a r e s u l t , the 
a c t u a l t r a f f i c f l o w i n 1985 showed a s i g n i f i c a n t d e v i a t i o n 
from the c o n s u l t a n t ' s f o r e c a s t (see Annex B l ) . I n connection 
w i t h t h i s f a c t , the World Bank Mission v i s i t e d the p o r t of 
Palembang i n April/May 1986. In order t o accomodate the 
f i n d i n g s of the World Bank Mission, and t o comply w i t h the 
present s i t u a t i o n and c o n d i t i o n as a r e s u l t s and e f f e c t s of 
the implementation of the Inpres 4/85 and a l l r e l a t e d 
implementation decrees, the Port Improvement A c t i o n Plan was 
prepared as a r e v i s i o n of the Port Operation Improvement 
Action Program, p a r t of the implementation of the NPDP. For 
p o r t of Palembang, t h i s A c t i o n Plan covered [ 1 3 ] : 
( I ) Physical F a c i l i t i e s : 

- The scope of p r o j e c t , except paving the area behind the 
i n t e r n a t i o n a l subterminal of approximately 27.000 m2, 
have been cancelled (see f i g u r e 1.5) 

- Procurement of 1 (one) 2400 HP tug boat 
- R e h a b i l i t a t i o n of n a v i g a t i o n a l aids along Musi r i v e r , 

and r e h a b i l i t a t i o n of access road t o the i n t e r n a t i o n a l 
subterminal. 

( I I ) Port Operation Improvement: 
1. Working system (procedure). 

The improvement of cargo handling o p e r a t i o n 
performance which i s expected t o be achieved by the 
i n t r o d u c t i o n of e f f e c t i v e o p e r a t i o n planning. This 
i n c l u d e s : 
a) p r e a r r i v a l planning, t o which the b e r t h a l l o c a t i o n 

(before the vessel's a r r i v a l ) i s planned based on 
the n o t i f i c a t i o n of the vessel's a r r i v a l . 

b) work s c h e d u l l i n g , which i n v o l v e d the p r e p a r a t i o n 
of the s h i f t - b y - s h i f t d e t a i l e d planning of the 
cargo handling o p e r a t i o n . This i s done when the 
vessel i s alongside the b e r t h . The highest 
p o s s i b l e ship output and the minimum delay are 
expected. 

c) performance review, which mainly c o n s i s t of 
m o n i t o r i n g d u r i n g the cargo handling take place, 
and e v a l u a t i o n of the o p e r a t i o n a f t e r the ship has 
departed. 

This systematic and r o u t i n e procedure i n the working 
system, i s expected t o b r i n g - the cargo handling 
o p e r a t i o n more e f f e c t i v e . 

2. Working Time. 
The i n t r o d u c t i o n of the new working time i s expected 
t o increase the p o r t capacity. I n the f i r s t step, i t 
i s t o synchronize the d i f f e r e n t working time of the 
p a r t i e s i n v o l v e d i n p o r t a c t i v i t y . Afterward, i f i t 
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i s necessary, the m u l t i s h i f t system as guided by 
Inpres 4/85 (see Annex A4) should be implemented. 

( I l l ) Management. 
This includes: 
a) the t r a i n i n g of any l e v e l personnel involved i n the 

p o r t operation, both container and conventional 
t e r m i n a l , 

b) improvement of the equipment maintance management, 
and 

c) establishment new mo n i t o r i n g and r e p o r t i n g system 
f o r proper p o r t operation d a t a / s t a t i s t i c . 

However, t h i s Action Plan i s e s s e n s i a l l y a short-term 
development program, which i t s time horizon reaches up t o 
1990. Moreover, the deci s i o n as t o implement t h i s program was 
not backed up w i t h a d e t a i l e d study. Furthermore, the medium-
term (up t o 1995) and the long-term (up t o 2005) development 
have t o be established as w e l l i n order t o cope w i t h the 
a n t i c i p a t e d change of f u t u r e p o r t demand. 

1.2 Objectives of the study 

I n accordance w i t h the above mentioned s i t u a t i o n , the 
o b j e c t i v e s of t h i s study are formulated as f o l l o w s : 
( I ) t o review and update the t r a f f i c f o r e c a s t i n g . 
( I I ) t o i n v e s t i g a t e the 1990 s i t u a t i o n i n l i n e w i t h the 

Action Plan implementation. 
( I I I ) t o prepare s o l u t i o n s f o r the 1995 and 2005 s i t u a t i o n s , 

and t o formulate them as medium and long-term 
development plans. 

I t i s of importance, i n connection w i t h the p o i n t ( I I I ) 
above, t o s p e c i f y the study area: 
( I ) Problem d e f i n i t i o n . 

The main problem which w i l l be answered i n t h i s study i s 
t h a t concerning the p o r t c a p a c i t y : b e r t h i n g , cargo 
handling and cargo storage. The i n l a n d t r a n s p o r t handling 
capacity question i s beyond t h i s study. Less or even no 
a t t e n t i o n w i l l be given t o other p r i n c i p a l problems such 
as: t e c h n o l o g i c a l changes i n shipping and m a t e r i a l 
handling, i n l a n d t r a n s p o r t a t i o n networks, and 
n a v i g a t i o n a l features. The s e r v i c e l e v e l problem, except 
t h a t concerning ship's w a i t i n g time f o r b e r t h i n g , w i l l be 
disregarded as w e l l . 

( I I ) P o t e n t i a l s o l u t i o n s . 
There are several a l t e r n a t i v e s of s o l u t i o n t o achieve 
the r e q u i r e d demand: 
a. I n s t i t u t i o n a l Improvement. 

This improvement which i n c l u d i n g p o r t r e o r g a n i z a t i o n . 
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custom procedure and documentation, labour r e l a t i o n 
and r e g u l a t i o n and t r a i n i n g , has been taken i n l i n e 
w i t h the implementation of Inpres 4/85 and Action 
Plan. 

b. Operational Improvement. 
The improvement regarding working procedure, working 
time and equipment maintainance has been also covered 
i n the Inpres 4/85 and A c t i o n Plan. The r a d i c a l 
mechanization of cargo handling i s not a n t i c i p a t e d t o 
take place i n the f u t u r e . 

c. M o d i f i c a t i o n of E x i s t i n g F a c i l i t i e s . 
The p o r t o p e r a t i o n may be improved through minor 
m o d i f i c a t i o n of the f a c i l i t i e s and the general lay 
out of the p o r t . The m o d i f i c a t i o n i s sometimes 
r e q u i r e d so as t o accomodate the changes i n shipping 
and cargo handling technology. 

d. Expansion of E x i s t i n g F a c i l i t i e s . 
This a l t e r n a t i v e become necessary when the 3 (three) 
above a l t e r n a t i v e s cannot solve the p o r t ' s problem, 
such as congestion (or an inadequate l e v e l of 
s e r v i c e ) . Extending e x i s t i n g quays w i l l increase ship 
and cargo-handling capacity. Expansion of storage 
f a c i l i t i e s w i l l increase the storage capacity. 

e. Development of New Port. 
Development of e n t i r e l y new f a c i l i t i e s becomes 
a t t r a c t i v e i f only: 
(a) the e x i s t i n g p o r t i s l i m i t e d t o accomodate any 

expansion, or 
(b) the investment r e q u i r e d f o r development of new 

f a c i l i t i e s i s comparable t o t h a t f o r expansion 
of e x i s t i n g p o r t f a c i l i t i e s . 

The a p p r o p r i a t e and proper s o l u t i o n s t o improve a p o r t 
capacity can be met a f t e r i n d e n t i f y i n g the p o r t 
development o b j e c t i v e s and c r i t e r i a (or c r i t e r i o n ) . 

( I l l ) Port Development Objectives and C r i t e r i a . 
The o b j e c t i v e of the p o r t development i s t o minimize 
the t o t a l p o r t o p e r a t i o n cost c o n t r i b u t e d by the 
shipscost i n connection w i t h t h e i r time spent i n p o r t , 
the cargo handling o p e r a t i o n cost and the p o r t 
f a c i l i t i e s investment. Other p o s s i b l e o b j e c t i v e s such 
as maximizing the net p r o f i t / t o t a l revenues / r e t u r n 
on investment, and maximizing the economic impact on 
the h i n t e r l a n d are e x c l u s i v e l y beyond t h i s study. 
In achieving the above o b j e c t i v e , the r e l e v a n t 
c r i t e r i o n t o be used i s the o p t i m i z a t i o n of number of 
b e r t h (or the length of quay), the size of storage 
f a c i l i t i e s and other major f i x e d investments. 
Other p o s s i b l e c r i t e r i a such as minimizing the t o t a l 
cost of the whole t r a n s p o r t a t i o n chains of cargo 
( i n c l u d i n g i n l a n d t r a n s p o r t a t i o n ) or promoting 
economic growth r a t e are considered less r e l e v a n t t o 
t h i s study. 
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(IV) Port Development Strategy. 
Having known the necessity of the development plan f o r 
the f u t u r e s i t u a t i o n , the p o r t development stategy 
b a s i c a l l y c onsists of deciding the f o l l o w i n g issues 
[3] : 
a. How t h a t development plan should be met - f o r 

example, by improvement of e x i s t i n g i n s t i t u t i o n s , 
o p e rations, or f a c i l i t i e s , or c o n s t r u c t i o n of new 
f a c i l i t i e s ? 

b. Where i t should be met - f o r example, i n what p a r t 
of the port? 

c. When i t should be met. 

1 . 3 Content of the r e p o r t 

This r e p o r t intends t o c o n t r i b u t e t o the u t i l i z a t i o n of 
p o r t computer s i m u l a t i o n technique i n p o r t planning. The 
o u t l i n e of the contents of t h i s r e p o r t i s given below: 

Chapter 2 presents the t r a f f i c f o r e c a s t i n g f o r each commodity 
cla s s , i n t e r n a t i o n a l as w e l l as domestic cargo. F i r s t , the 
t o t a l tonnage through the p o r t was forecasted considering the 
expected growth r a t e and the a n t i c i p a t e d h i n t e r l a n d s change, 
i f any. Second, the f u t u r e d i s t r i b u t i o n over Main Public 
Terminal was estimated. T h i r d , the f u t u r e a l l o c a t i o n t o ship 
and packaging form were also p r e d i c t e d . And the f o u r t h , the 
f u t u r e s h i p c a l l of each ship type was c a l c u l a t e d . And 
f i n a l l y , the f u t u r e containers t r a f f i c ( i n TEU) and the l e v e l 
of c o n t a i n e r i z a t i o n were estimated. 

Chapter 3 covers the u t i l i z a t i o n of the MPTSIM model f o r p o r t 
f a c i l i t i e s requirement c a l c u l a t i o n s . F i r s t , the i n e v i t a b i t y 
of the s i m u l a t i o n model technique, so as t o have r e l i a b l e 
r e s u l t f o r the Main Terminal, was o u t l i n e d . Second, the 
modelling process i n the model development was described. 
T h i r d , the s t r u c t u r e and process d e s c r i p t i o n s of the MPTSIM 
model were given. Fourth, the s i m u l a t i o n time was determined. 
F i f t h , the v a l i d a t i o n output was analysed. And f i n a l l y , the 
outputs from the experimentation of MPTSIM model were 
analysed so as t o answer the question regarding the p o r t 
f a c i l i t i e s requirements. 

Chapter 4 discusses the t e r m i n a l l a y o u t p r e p a r a t i o n . F i r s t 
the o b j e c t i v e s t o be achieved and the c r i t e r i o n t o be used i n 
the layout a n a l y s i s were e s t a b l i s h e d . Second, several layout 
a l t e r n a t i v e s were developed by considering on the est a b l i s h e d 
o b j e c t i v e s and the l i m i t a t i o n and c o n d i t i o n of the p o r t area. 
T h i r d , the most favourable a l t e r n a t i v e was choosen based on 
the e s t a b l i s h e d c r i t e r i o n . And f o u r t h , the masterplan layout 
was prepared which i n d i c a t e s also the possi b l e expansion 
beyond 2005. And f i n a l l y , the rough cost estimate of c i v i l 
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work i n the p o r t development phase I ( f o r 1995, medium term) 
and i n the p o r t development Phase I I ( f o r 2005, long term) 
was c a l c u l a t e d . 

Chapter 5 contains the conclusions and recommendations ( i f 
any) regarding the p o r t development plan as w e l l as regarding 
the u t i l i z a t i o n of the computer s i m u l a t i o n technique. 

Annex A o u t l i n e s the Indonesian maritime p o l i c y , trade p o l i c y 
w i t h regard t o t r a n s p o r t a t i o n , n a t i o n a l and h i n t h e r l a n d 
(South Sumatra) economy growth r a t e , and p o r t a d m i n i s t r a t i o n . 

Annex B presents the cargo throughput of Palembang p o r t 
categorized f o r each commodity-class, and i n d i c a t i o n of 
o r i g i n and d e s t i n a t i o n ; ship data w i t h regard t o i t s a r r i v a l , 
l e n g t h , cargo; and cargo handling operation data. 

Annex C presents the an a l y s i s of s h u t t l e ship size 
determination, the an a l y s i s of ship's cost i n p o r t and the 
analysis of f u t u r e cargo handling o p e r a t i o n . 

Annex D contains the MPTSIM program w r i t t e n i n Personal 
Prosim language, gives the example of i n p u t and output, and 
contains the summary of the experimentation-run outputs. 

1.4 Terminology 

In order t o have b e t t e r comprehension the f o l l o w i n g 
terms w i l l be used i n t h i s r e p o r t s : 

( I ) Public t e r m i n a l , a t e r m i n a l owned and operated by 
stated-owned Public Port Corporation, t o handle cargo 
of various shipper/consignee/port users. The term of 
Main Public Terminal r e f e r t o the main t e r m i n a l a t 
Boom Baru, Palembang, used t o d i s t i n g u i s h i t from 
S a i l i n g Vessel Terminal. 

( I I ) Special t e r m i n a l , a t e r m i n a l owned and operated by 
company other than Public Port Corporation, t o handle 
t h e i r own cargo. 

( I I I ) Samudra: ocean-going l i n e r s e r vice ship 
Nusantara: regular l i n e r s e r vice ship, whose p r i n c i p a l 

task i s t o connect a l l regions of Indonesia 
Lokal: small ships up t o 200 DWT, t r a d i n g up t o 

500 miles from t h e i r base p o r t 
Khusus: i n t e r n a t i o n a l or domestic shipping vessels 

c a r r y i n g s p e c i a l cargo. 
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chapter I I 
TRAFFIC FORECASTING 

2.1 General 

The o b j e c t i v e of the trade and t r a f f i c studies was t o 
a r r i v e a t a fo r e c a s t of the most l i k e l y f u t u r e t r a f f i c 
through Main Public Terminal, p o r t of Palembang. The time 
horizon extent t o 2005, w i t h i n t e r i m f o r e c a s t f o r 1990 and 
1995. The r e s u l t of t h i s a n a l y s i s w i l l be used as an i n p u t of 
the p o r t s i m u l a t i o n computer program i n determining the Main 
Public Terminal f a c i l i t i e s requirement. 

Whereas the scope of the t r a f f i c f o r e c a s t i n g i n c l u d e the 
f o l l o w i n g s p e c i f i c tasks: 
- t o c l a s s i f y the past cargo t r a f f i c , t o de f i n e o r i g i n and 

d e s t i n a t i o n , and t o analyse t h e i r trends. 
- t o compile the p o r t user opini o n on t r a f f i c and 

t e c h n o l o g i c a l trends. 
- t o estimate systematic t r a f f i c growth r a t e , based on the 

n a t i o n a l and h i n t e r l a n d development growth r a t e . 
- t o compile the expected t r a f f i c - i n f l u e n c i n g events, 

incoporate the i n d u s t r y plans, a g r i c u l t u r a l plans and 
t r a n s p o r t p o l i c i e s . 

- t o e s t a b l i s h a most l i k e l y f u t u r e growth and t e c h n o l o g i c a l 
shipping scenarios of each t r a f f i c c l a ss. 

- t o t a b u l a t e annual f o r e c a s t of each cargo class i n 
tonnages, f o r e c a s t of ship and packaging form; f o r e c a s t 
of ship c a l l , and f o r e c a s t of container t r a f f i c . 

As mentioned above, the f o r e c a s t i n g method a p p l i e d i n 
t h i s study was the scenario approach, which i s a ri g o r o u s 
method of d e f i n i n g p l a u s i b l e f u t u r e s i t u a t i o n s w i t h i n the 
long-term f u t u r e f o r e c a s t i n g . The scenario can be defined as 
an array of a n t i c i p a t e d events or phenomena, u s u a l l y i n a 
system of temporal and causal r e l a t i o n s h i p s whose sequence 
can generate t r e n d on horizon scenarios. 

As a c o l l e c t o r p o r t . Main Public Terminal handles not 
only an i n t e r i s l a n d cargo (domestic trade) but also an 
i n t e r n a t i o n a l cargo ( f o r e i g n t r a d e ) . Therefore, the an a l y s i s 
of t r a f f i c f o r e c a s t i n g w i l l be presented i n t h i s s u b d i v i s i o n , 
although f o r p a r t i c u l a r cargo c l a s s , the both trade have 
i n f l u e n c e on each other hence they cannot be analyzed 
separately. 

2.2 I n t e r n a t i o n a l Trade 

2.2.1 Export 

The present c o n t r i b u t i o n of Main Public Terminal i s 
s t i l l very low, i . e . less than 2 percent of t o t a l export 
cargo through p o r t of Palembang. The commodities and t h e i r 

10 
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percentage which handled through MPT i n 1986 were 100 percent 
of animal feed, about 10 percent of coffee and about 5 
percent of rubber [ 1 5 ] . Whereas the remainder, and also the 
other cargo classes, are handled midstream or at sp e c i a l 
f a c i l i t i e s . About 80 percent of rubber and coffee was 
destin a t e d t o U.S.A., which was shipped by LASH service where 
p a l l e t i z e d and preslung cargo i s s t i l l p r e f e r e d . Meanwhile 
there i s s l i g h t increase i n container t r a f f i c bound f o r 
Europe [ 1 4 ] . 

I n general, the e f f e c t s of implementation of Gateway 
p o l i c y and Inpres 4/85 are as f o l l o w s : 
( I ) The export cargo w i l l be c a r r i e d by S h u t t l e ship t o 

Tanjungpriok, except: a) rubber and coffee bound f o r 
U.S.A. which w i l l be shipped by LASH s e r v i c e , and b) 
export cargo bound f o r Singapure and Malaysia which 
w i l l be shipped d i r e c t l y by Samudra ship and c) export 
cargo which w i l l s t i l l be loaded t o sp e c i a l ship a t 
sp e c i a l f a c i l i t i e s . 
I n other words, the present s h i p p i n g operations, which 
are considered more economical than i f they are 
replaced by the implementation of Gateway p o r t p o l i c y , 
are expected t o continue i n the f u t u r e . The LASH 
serv i c e operates barges c a l l i n g a t several p o r t s 
located along eastern coast of Sumatra ( i n c l u d i n g p o r t 
of Palembang) t o take rubber and co f f e e , concentrates 
these barges a t Riou islands near Singapure, and loads 
these barges ( w i t h t h e i r load) onto LASH ship destined 
t o USA. This operation i s b a s i c a l l y a con c e n t r a t i o n of 
cargo s i m i l a r t o the Gateway p o l i c y . Furthermore, the 
implementation of Gateway p o l i c y t o those cargo of 
short distance (Singapure and Malaysia) means 
approximately double t r a v e l i n g distance, thus the 
present shipping of Samudra i s p r e f e r a b l e . 

( I I ) That s i t u a t i o n w i l l lead t o the incr e a s i n g of 
u t i l i z a t i o n of Main Terminal as a loading p o i n t . 
Obviously, there w i l l be gradual s h i f t of some export 
cargo from midstream o p e r a t i o n . Not only coffee and 
rubber, but also the other food commodity, which i s a t 
present t o t a l l y handled midstream. 

( I I I ) Furthermore, i t i s a n t i c i p a t e d t h a t the u n i t i z a t i o n of 
cargo w i l l increase, where the c o n t a i n e r i z a t i o n i s 
l i k e l y t o continue t o expand i n the medium scale. 

(IV) D i r e c t c a l l i n g between Tanjungpriok and coun t r i e s of 
d e s t i n a t i o n w i l l g r a d u a l l y d i m i n i s h the present 
tanshipment of some export cargo a t Singapure p o r t . 

With regard t o h i n t e r l a n d change due t o a strong 
competition w i t h the new deep-sea p o r t of Bengkulu, t h i s 
seems only t o apply f o r rubber and c o f f e e , where p a r t of 
p l a n t a t i o n area i s nearer t o t h a t p o r t . These nearer 
p l a n t a t i o n area include Lubuk Lingpau area and h a l f of Lahat 
area, which c o n t r i b u t e d approximately 20% and 30% of South 
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Sumatra production of rubber and c o f f e e r e s p e c t i v e l y i n 1985 
[ 1 5 ] . Therefore i t i s expected t h a t there w i l l be d i v e r s i o n 
of 5 percent f o r rubber and 10 percent f o r coffee i n 1990, 
and increase t o 10 percent f o r rubber and 20 percent f o r 
coffee i n 1995 onwards. 

Rubber i s the Indonesia's l a r g e s t a g r i c u l t u r a l export 
commodity, w i t h about 90 percent t o t a l production being sold 
abroad. In 1985, the c o n t r i b u t i o n of South Sumatra was about 
15 percent of t o t a l export [ 2 ] . Based on continued favourable 
market c o n d i t i o n f o r n a t u r a l rubber, i t i s assumed t h a t South 
Sumatra w i l l maintain i t s share of rubber export. Considering 
the d e c l i n i n g of rubber p r i c e i n world market i n recent 
years, which w i l l not improve w i t h i n the near f u t u r e , the 
expected growth r a t e of e x p o r t a t i o n of t h i s commodity i s 2.5 
percent per year up t o 1995 and 3.0 percent per year 
afterwards. 

Indonesia i s a large producer of c o f f e e , at which over 
90 percent of t o t a l production i s exported. I n 1985, the 
c o n t r i b u t i o n of South Sumatra was about 20 percent of t o t a l 
Indonesian export [ 2 ] . I t i s assumed t h a t South Sumatra w i l l 
be capable t o maintain i t s share of c o f f e e export. Although 
there was remarkable r i s e of coffee p r i c e i n 1986, i t w i l l 
seemingly not p e r s i s t f o r a long time. I t i s also assumed 
t h a t i n the near f u t u r e , the USA, the main importer of 
Indonesian c o f f e e , w i l l strengthen the p r o t e c t i o n i s m p o l i c y . 
Therefore the a n t i c i p a t e d growth r a t e of e x p o r t a t i o n of t h i s 
commodity w i l l be 2.0 percent per year up t o 1995 and 2.2 5 
percent per year afterwards. 

The e x p o r t a t i o n of animal feed commodity v a r i e d 
i r r e g u l a r l y i n the past years. Nevertheless, the growth r a t e 
of 5 percent per year w i l l be employed i n the f o r e c a s t i n g 
[7] . 
The present handling using Main Terminal e x c l u s i v e l y i s 
expected t o continue. 

As mentioned above, the other food commodity i s at 
present t o t a l l y handled midstream, and g r a d u a l l y w i l l s h i f t 
t o Main Public Terminal, about 50 percent i n 1990 and 100 
percent i n 1995. The impresive increase of e x p o r t a t i o n of 
t h i s commodity was recorded i n the past years, and i t seems 
to continue i n the f u t u r e w i t h the growth r a t e of 4.5 percent 
per year. 

F i n a l l y , the d e t a i l e d f o r e c a s t i n g of each export 
commodity class i n t o t a l tonnage through p o r t , i t s 
d i s t r i b u t i o n v i a Main Public Terminal, i t s a l l o c a t i o n t o ship 
and packaging form, i s presented i n t a b l e 2.1. 

2.2.2 Import 

The present c o n t r i b u t i o n of Main Public Terminal i s 
about 60 percent of t o t a l import cargo, v/hich consist of 
almost a l l commodity classes. Whereas the remainder i s mostly 
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unloaded midstream [ 1 5 ] . 
In general, the s i m i l a r e f f e c t s of implementation of 

Gateway p o l i c y and Inpres 4/85 i n the e x p o r t a t i o n are also 
applying f o r the i m p o r t a t i o n . Except, of course, there w i l l 
be no LASH se r v i c e i n t h i s case. I t i s necessary t o emphasize 
t h a t the imported commodities from Singapore, which i s a t 
present about 40 percent of t o t a l import, w i l l decrease t o 
about (assumed) 25 percent i n 1990 onwards. 

The h i n t e r l a n d change i s also a n t i c i p a t e d , mainly due t o 
the strong c o m p e t i t i o n w i t h the new deep-sea p o r t of 
Bengkulu, and the e f f e c t of road improvement which w i l l 
b e n e f i t the f e r r y p o r t of Bakahuni [ 7 ] . Therefore there w i l l 
be d i v e r s i o n t o those p o r t s , amounting t o 7.5 percent from 
1990 onwards f o r high value cargo, i . e . c a p i t a l goods, 
consumer goods, non-ferro and other food commodities, and 
amounting t o only 5.0 percent f o r other commodities. 

The e f f o r t of the Indonesian government t o achieve and 
maintain a s e l f - s u f f i c i e n c y of food, and the e f f e c t of good 
i n t e r i s l a n d t r a n s p o r t a t i o n s e r v i c e , w i l l e v e n t u a l l y stop the 
im p o r t a t i o n of r i c e . Meanwhile, the Baturaja cement p l a n t 
production c a p a c i t y of 500.000 tons per year and the 
inauguration of two new sugar f a c t o r i e s i n Cinta Manis w i t h 
combined produ c t i o n of 80,000 tons per year, not only w i l l 
stop the unloading of these two commodities, but also w i l l 
generate some outgoing of these commodities t o the l o c a l 
d e s t i n a t i o n [ 7 ] : 

On the other hand, the e f f o r t t o s t i m u l a t e a high growth 
of the manufacturing sector, w i l l increase the i m p o r t a t i o n of 
c a p i t a l goods and raw m a t e r i a l . Furthermore, the i m p o r t a t i o n 
of consumption goods w i l l be r e s t r i c t e d only t o products not 
produced d o m e s t i c a l l y . 

The i m p o r t a t i o n of f e r t i l i z e r i n the f u t u r e i s expected 
to cease. Although the use of f e r t i l i z e r w i l l increase 
r a p i d l y i n l i n e w i t h the extensive and even the i n t e n s i v e 
farming methods, the establishment of f e r t i l i z e r p l a n t s i n 
the l a s t decade has made Indonesia a net exporter of 
e s p e c i a l l y urea f e r t i l i z e r , a f t e r having been an importer f o r 
many decades before [ 2 ] , I n the f u t u r e , the urea f e r t i l i z e r 
f o r South Sumatra w i l l be s u f f i c e d by PT Pusri's p r o d u c t i o n , 
whereas the other f e r t i l i z e r s , such as TSP and DAP, w i l l have 
to be ordered from Gresik, East Java [ 7 ] , Therefore, the 
incoming f e r t i l i z e r i s expected from i n t e r i s l a n d t r a d e . This 
a n t i c i p a t i o n agrees w e l l w i t h the past data, where the 
f e r t i l i z e r import showed decrease from 19.000 MT i n 1982 t o 
only 1000 MT i n 1986, and domestic incoming showed otherwise, 
increasing from 17.500 MT i n 1982 t o 49,000 MT i n 1986. 
Apparently, the f e r t i l i z e r import was g r a d u a l l y replaced by 
the domestic incoming t r a d e . 

In a d d i t i o n , the commodity group of sand and stone, 
which i n the f u t u r e w i l l c o n s i s t f o r a large p a r t of gypsum, 
probably w i l l a r r i v e d i r e c t l y from i t s country of o r i g i n i n 
special vessel. Therefore i n the f o r e c a s t i n g , i t i s a l l o c a t e d 
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to midstream/special f a c i l i t i e s [ 7 ] . 
On the other hand, the i r o n and s t e e l commodity c l a s s , 

w i l l change otherwise [ 7 ] . The improvement of cargo handling 
c a p a b i l i t y at Main Terminal w i l l g r a d u a l l y a t t r a c t t h i s 
commodity, which i s a t present t o t a l l y handled midstream, 
amounting t o 50 percent i n 1990 and 100 percent i n 1995 
onwards. 

F i n a l l y , i n the f u t u r e there w i l l be 9 (nine) 
commodities which w i l l be imported through Main Terminal w i t h 
t h e i r expected growth r a t e per year i n bracket [ 7 ] , i . e . : 
animal feed (6 p e r c e n t ) , consumer goods (8 p e r c e n t ) , non-
f e r r o (4 p e r c e n t ) , c a p i t a l goods (8 percent) i r o n and s t e e l ( 
4 p e r c e n t ) , other foods (5 p e r c e n t ) , chemicals (5 p e r c e n t ) , 
asphalt (8 p e r c e n t ) , and rubber product (8 p e r c e n t ) . 

F i n a l l y , the d e t a i l e d f o r e c a s t i n g of each import 
commodity class i n t o t a l tonnage throughport, i t s 
d i s t r i b u t i o n v i a Main Public Terminal, i t s a l l o c a t i o n t o ship 
and packaging form, i s presented i n t a b l e 2.2. 

2.3 Domestic Trade 

2.3.1 Domestic Outward 

The present c o n t r i b u t i o n of Main Public Terminal i s very 
low, i . e . about 1.5 percent of t o t a l domestic cargo loaded 
through p o r t of Palembang [ 1 5 ] . Whereas the remainder are 
handled midstream or a t other f a c i l i t i e s . The present 
h i n t e r l a n d and the d i s t r i b u t i o n of cargo loading over 
f a c i l i t i e s w i l l seemingly not change i n the f u t u r e [ 7 ] . 
Therefore i t i s a n t i c i p a t e d t h a t there w i l l be no d i v e r s i o n 
t o neighbour ports or t o other loading f a c i l i t i e s . 

Because the establishment of a d d i t i o n a l f e r t i l i z e r 
production u n i t of PT Pusri i s l i k e l y not f e a s i b l e [ 7 ] , the 
f o r e c a s t i n g i s t h e r e f o r e merely based on i t s capacity of 
1.600.000 tons per year. Some of bagged f e r t i l i z e r i s then 
loaded at Main Public Terminal to be shipped t o the l o c a l 
d e s t i n a t i o n . As mentioned e a r l i e r , the Baturaja cement p l a n t 
production and the Cinta Manis sugar f a c t o r i e s production 
w i l l generate some outgoing of cement and sugar commodities 
to the l o c a l d e s t i n a t i o n . Based on i n f o r m a t i o n from 
i n d u s t r i a l r e presentatives and p o r t users [ 7 ] , the growth 
r a t e of 10 (ten) commodities which w i l l p a r t l y or t o t a l l y 
loaded through Main Public Terminal are i n d i c a t e d w i t h i n 
f o l l o w i n g brackets: f e r t i l i z e r ( z e r o ) , cement (8 p e r c e n t ) , 
sugar (11 percent) non-ferro (4 p e r c e n t ) , c a p i t a l goods (8 
per c e n t ) , other foods (8 p e r c e n t ) , chemical (5 p e r c e n t ) , 
timber (-1.0 p e r c e n t ) , sand/stone (3 p e r c e n t ) , and o i l f a t s 
(5 p e r cent). The tonnage of timber w i l l decrease mainly due 
t o the conversion from raw m a t e r i a l t o more f i n i s h e d 
products. But t h a t conversion w i l l also b e n e f i t the Main 
Public Terminal, t h a t i s , w i l l incease i t s c o n t r i b u t i o n . 
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With regard t o ships, there are 2 (two) types of vessels 
which c a r r y domestic outward cargo from Main Terminal: 
Nusantara and Lokal. The assessment of the 1982 a l l o c a t i o n 
cargo t o Nusantara and Lokal are 60% and 40% r e s p e c t i v e l y 
[ 7 ] . I t seems t h a t t h i s percentage d i s t r i b u t i o n i s u n l i k e l y 
to continue i n the f u t u r e . 

Furthermore, the packaging form of cargo i s 
d i s t i n g u i s h e d based on cargo handling speeds per ganghour 
i n t o 3 (t h r e e ) groups: ( I ) bagged (19 tons/ganghour), ( I I ) 
loo s e / b r e a k b u l k / p a l l e t (15 tons/ganghour) and ( I I I ) drums, 
timber, bulk (10 tons/ganghour) [ 7 ] . 

F i n a l l y , the d e t a i l e d f o r e c a s t i n g of each domestic 
outward commodity class i n t o t a l tonnage through p o r t , i t s 
d i s t r i b u t i o n v i a Main Public Terminal, i t s a l l o c a t i o n t o ship 
and packaging form, i s presented i n t a b l e 2.3. 

2.3.2 Domestic Inward 

The present c o n t r i b u t i o n of Main Public Terminal i s 
about 30 percent of t o t a l domestic inward cargo through p o r t 
of Palembang, which consists of almost a l l commodity classes. 
Whereas the remainder i s handled midstream or at other 
f a c i l i t i e s [ 1 5 ] . 

The h i n t e r l a n d change i s a n t i c i p a t e d , because of the 
competition w i t h the new deep-sea p o r t of Bengkulu, and the 
e f f e c t of improvement of the road network and the f e r r y 
service [ 7 ] . The re d u c t i o n owing t o the f i r s t cause which i s 
25 percent i n 1990 and 5 percent i n 1995 onwards, apply f o r 
a l l commodities. The same r e d u c t i o n i s brought about by the 
second cause, but only added t o high value commodities: 
consumer goods, non-ferro, c a p i t a l goods and other foods. 

As mentioned e a r l i e r , the unloading of cement and sugar 
w i l l stop because of the s e l f - s u f f i c i e n c y of t h i s region of 
these commodities i n the f u t u r e . Whereas the TSP and DAP 
f e r t i l i z e r , which i s not produced l o c a l l y , w i l l have t o be 
unloaded from Gresik (Surabaya). The domestic unloading of 
r i c e w i l l also increase, because the population growth can 
not be catered f o r by l o c a l harvests. The high increase of 
unloading s a l t i s caused by the growing development of the 
f i s h i n g i n d u s t r y i n the reg i o n . F i n a l l y , there w i l l be 15 
( f i f t e e n ) domestic commodities unloaded at Main Terminal, 
i n d i c a t e d w i t h t h e i r growth r a t e [ 7 ] , i , e , : f e r t i l i z e r ( 1 3 % ) , 
r i c e ( 2 % ) , s a l t ( 7 % ) , animal feed ( 6 % ) , wheat f l o u r ( 3 , 5 % ) , 
consumergoods ( 8 % ) , non-ferro ( 4 % ) , c a p i t a l goods ( 8 % ) , 
i r o n / s t e e l ( 4 % ) , other foods ( 5 % ) , chemicals ( 5 % ) , o i l f a t s 
( 8 % ) , asphalt ( 6 % ) , sand/stone ( 3 % ) , and l i v e s t o c k ( 5 % ) . 

With regard t o the d i s t r i b u t i o n of each commodity over 
f a c i l i t i e s , i t seems t h a t the present s i t u a t i o n w i l l continue 
i n the f u t u r e . 

There are 3 (three) type of vessels c a r r y i n g domestic 
inward cargo t o Main Terminal, i . e . : Nusantara, Lokal and 
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Khusus. The a l l o c a t i o n of trade t o Khusus vessels i s s t r a i g h t 
forward, t h a t i s r i c e and o i l f a t s . Whereas the present 
percentage d i s t r i b u t i o n over Nusantara and Lokal are 60% and 
40% r e s p e c t i v e l y , but i t seemingly w i l l not continue i n the 
f u t u r e . 

The grouping of the packaging form i n the domestic 
outward cargo also apply f o r domestic inward cargo. 

F i n a l l y , the d e t a i l e d f o r e c a s t i n g of each domestic 
inward commodity class i n t o t a l tonnage through p o r t , i t s 
d i s t r i b u t i o n v i a Main Public Terminal, i t s a l l o c a t i o n t o ship 
and packaging form, i s presented i n t a b l e 2.4. 

2.4 Ship A r r i v a l Forecasting 

F i r s t , the size of the s h u t t l e ship should be 
determined. The a n a l y s i s of the c o n s u l t a n t has been adopted, 
where the economical size of t h i s vessel i s about 4000 DWT, 
based on the assumption t h a t t h i s vessel w i l l be only used 
f o r s h u t t l e s e rvice between Tanjungpriok and Palembang, and 
the cargo handling r a t e i n p o r t of about 2000 ton per day 
(see Annex C l ) . Moreover, t h i s size agree w i t h the t e c h n i c a l 
requirement, where the economically l i m i t e d depth of 
n a v i g a t i o n a l channel along Musi r i v e r i s about -7 m LWS. 
Furthermore the barge which w i l l b r i n g some of the exported 
rubber t o the t e r m i n a l (about 20% i n 1990, 15% i n 1995 and 
10% i n 2005 of the t o t a l exported rubber through Main Public 
Terminal) should also be determined. The average siz e of 180 
DWT, s i m i l a r t o the barge which i s at present rendering 
midstream o p e r a t i o n , i s assumed f o r t h a t rubber barge [ 7 ] . 

The amount of annual cargo, which w i l l be c a r r i e d by 
each type of vessel, i s found by summarizing the previous 
trade f o r e c a s t i n g . The average cargo loaded and unloaded 
to/from each type of vessel i s determined based upon the past 
data. A small increase of t h i s average load i n the f u t u r e i s 
assumed. F i n a l l y the number of annual a r r i v a l f o r each type 
of vessel i s derived by d i v i d i n g the amount of annual cargo 
by average load. The r e s u l t of t h i s c a l c u l a t i o n i s presented 
i n t a b l e 2.5. 

2.5 Container T r a f f i c 

Import cargo a r r i v i n g i n container has t o be s t r i p p e d 
( i n CFS shed or y a r d ) , and loaded onto t r u c k s i n conventional 
form f o r d e s t i n a t i o n s i n Palembang and f u r t h e r i n l a n d . Export 
cargo a r r i v e s a t i n t e r n a t i o n a l subterminal on t r u c k s i n 
conventional form or on p a l l e t s has t o be s t u f f e d ( i n CFS 
shed or yard) i n t o container f o r overseas d e s t i n a t i o n s . The 
import container j u s t s t r i p p e d cannot always be used f o r 
s t u f f i n g exports due t o d i f f e r e n t ownership, planned onward 
d e s t i n a t i o n s , u n s u i t a b l e container type, e t c . Therefore, i t 
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i s assumed t h a t approximately 10% of import containers i s an 
empty containers f o r the s t u f f i n g export cargo. The number of 
empty con t a i n e r s , furthermore, should be c a l c u l a t e d based 
upon the (un)balance of export and import trade i n container. 
The average load f a c t o r of a twenty f e e t container w i t h 
import cargo w i l l u s u a l l y be about 10.5 ton per TEU [ 7 ] . 
Meanwhile, the average load f a c t o r f o r export cargo (which 
mainly c o n s i s t of rubber i n p a l l e t s and cof f e e i n bags) i s 
approximated about 14 ton per TEU [ 7 ] . With f i g u r e above, the 
f o l l o w i n g estimate of the t o t a l number of loaded and empty 
containers i s made, which have t o be handled by i n t e r n a t i o n a l 
subterminal i n 1990, 1995 and 2005. 

In 1990 

- Import 21.500 = 2050 loaded container add 200 
10.5 empty = 2250 TEU 

- Export 9.500 = 680 loaded container add 1570 
14 empty = 2250 TEU 

Total 1.990 flo w = 450 0 TEU 

In 1995 

- Import 38.000 = 3600 loaded containers add 
10.5 400 empty containers = 4000 TEU 

- Export 38.500 = 2750 loaded containers add 
14 1250 empty containers = 4000 TEU 

Tot a l 1995 flo w 8000 TEU 

I n 2005 

- Import 91.000 = 8670 loaded containers add 
10.5 830 empty containers = 9500 TEU 

- Export 123.500= 8820 loaded containers add 
14 680 empty containers = 9500 TEU 

Tot a l 2005 fl o w 19000 TEU 
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I t i s assumed t h a t 10% of loaded containers i n 1995 and 30% 
of loaded containers i n 2005 w i l l be s t r i p p e d and s t u f f e d 
d i r e c t l y . I t i m p l i e s t h a t the s t r i p p e d / s t u f f e d general cargo 
w i l l not stay i n p o r t before s t r i p p i n g or s t u f f i n g i s c a r r i e d 
out. This k i n d of containers may be door-to door FCL or 
d i r e c t s t r i p p e d / s t u f f e d LCL. Furthermore i t i s assumed the 
t r a n s i t time of containers c a r r y i n g import cargo, containers 
c a r r y i n g export cargo, empty containers and c o n t a i n e r i z e d 
general cargo i n CFS shed i s about 7, 5, 20 and 7 days 
r e s p e c t i v e l y [ 2 0 ] . 

F i n a l l y , i t i s of importance t o check the l e v e l of 
c o n t a i n e r i z a t i o n . By t a k i n g the c o n t a i n e r i s a b i l i t y of 100% 
f o r rubber, rubber product, c o f f e e , animal feed and other 
foods, of 90% f o r consumer goods, of 75% f o r chemical, of 50% 
f o r non-ferro and c a p i t a l goods, and of 0% f o r i r o n / s t e e l and 
asphalt [ 6 ] , the percentage of c o n t a i n e r i z a t i o n i n 1986 and 
i n the f u t u r e are estimated below: 

year 

Export & Import through 
Main Public Terminal 
( i n 1000 MT) 

1986 1990 1995 2005 

88.5 132.5 222 437 

Contanerizable cargo 
( i n 1000 MT) 

65.5 89 1605 312.5 

Containerized cargo 
( i n 1000 MT) 

14.5 31 76.5 214.5 

C o n t a i n e r i z a t i o n (%) 
- of export & import 

cargo 
- of c o n t a i n e r i z a b l e 

cargo 

16 

22 

23 

35 

35 

48 

49 

69 

The above percentage of c o n t a i n e r i z a t i o n f i t s w i t h the 
e a r l i e r a n t i c i p a t i o n t h a t the c o n t a i n e r i z a t i o n w i l l continue 
t o expand t o the medium l e v e l . 



Table 2.1. The Export Cargo F o r e c a s t i n g 

No COMMODITY CLASS VIA PORT OF PALEMBANG VIA MAIN TERMINAL Shu t t l e / Samudra r 
e 

confcainer P a l l e t 1 Break Bulk 
m a r 

85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 K 

4 20 70 8 20 24 sh 

1. Rubber 165 168 180 200 219 8 10 18 50 110 

3 3 1 3 8 5 7 3 7 8 sa 

2 6 16 6 6 5 sh 

2. Coffee 60.5 81.5 68 67 84 6 8 8 12 21 

1 2 - - - 5 6 - - - sa 

1 2 6.5 2 2 - sh 

3. Animal Feed 7 3 4 5 8 7 3 4 5 8 

- - - 0.5 1.5 7 3 1 0.5 - sa 

1 5 16 7 15.5 16 sh 

4. Other food 15 18.5 22 27.5 42.5 - - 11 27.5 42.5 

- - 0.5 2 5.5 - - 2.5 5 5 sa 

8 33 loas 25 43.5 45 sh 

T o t a l 47.5 271 274 299.5 353.£ 21 21 41 94.5 181.5 

4 5 1.5 5.5 15 17 16 16.5 12.5 13 sa 

sh = s h u t t l e 

sa = Samudra 



sh = s h u t t l e kll = khusus 

Table 2.2. The Import Cargo Fo r e c a s t i n g sa = Samudra 

No COMMODITY CLASS VIA PORT OF PALEMBANG VIA MAIN TERMINAL Shu t t l e Samudra r 
e 

container P a l l e t Break Bulk 
m 
a r 

85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 K 

1 1.5 4.5 1.5 1.5 1.5 sh 

1. Animal feed 2 2 2.5 3 6 2 2 2.5 3 6 

. 0.5 0.5 1.5 1.5 s a 

2 7.5 24 8 7.5 8 sh 

2. Consumer goods 12.5 16 20 30 64 8 12 15 22 48 

1 1.5 1 3. 5 12 7 10.5 4 3 . 5 4 y a 

1 1.5 2 1.5 1.5 2 sh 

3. Non f e r r o 2.5 2 2.5 3 4 2.5 2 2.5 3 4 

2.5 2 

3.5 5 11 3.5 5 11 7 11 23 sh 

4. C a p i t a l goods 20 15 19 28 60 8 10 16.5 24.5 52.5 

- 1 0 . 5 0.5 1.5 4 4 0.5 1 2 4 5 1 . 5 2 4 s a 

8 .5 10 15 sh 

5. I r o n and s t e e l 12.5 7.5 8.5 10 15 - 8.5 10 15 

7 8 14 2 3 5 sh 

6 . other foods 17.5 16.5 15 19 31 5 10 12 15 24 

1 3.5 2 3 3.5 3 6.5 1 1 1 .5 sa 

1 1.5 2.5 1 1.5 2.5 sh 

7. Chemical 10 12.5 14.5 18.5 30 10 12.5 3.5 4.5 7.5 

1 2 0 . 5 0. 5 1 9 10.5 1 1 1 .5 

1.5 4 13 4.5 4.5 5.5 Sh 

8. Rubber product 5 6 8 11.5 24.5 5 6 8 11.5 24.5 

0.5 1 0 . 5 1 .5 2 4.5 5 1 . 5 1 .5 4 

9. Asphalt 
28.5 13 23 34 74 28.5 13 23 34 74 

kh 

T o t a l 13a5 96.5 113 157 30a5 69 67.5 91.5 127.5 255.5 
4 

17 

9.5 4.5 

29 

9 

71 

20 31.5 

22 

40 8 

24.5 

8 

35.5 

13 4 

15. 

5 1. 

5 21 

5 2 

38 

4 

sh 

sa 



T a b l e 2 . 3 . T h e O u t w a r d D o m e s t i c C a r g o F o r e c a s t i n g 
( 1 0 0 0 MT) 

No COMMODITY C L A S S V I A P O E T O F P A L E M B A N G V I A M A I N T E R M I N A L N u s a n t a r a L o k a l S h i p No COMMODITY C L A S S V I A P O E T O F P A L E M B A N G V I A M A I N T E R M I N A L 

B a g P a l l e t / L o o s e / B . b . O t h e r s 

Nu 

L o 

N u 

L o 

Nu 

L o 

No COMMODITY C L A S S 

8 5 8 6 9 0 9 5 0 5 8 5 8 6 9 0 9 5 0 5 8 5 8 6 9 0 9 5 0 5 8 5 8 6 9 0 9 5 0 5 8 5 8 6 9 0 9 5 0 5 

Nu 

L o 

N u 

L o 

Nu 

L o 

1. F e r t i l i z e r ( b a g ) 1 5 3 1 1 6 . 5 2 0 0 2 0 0 2 0 0 2 . 5 2 3 3 3 

2 . 5 2 3 3 3 

Nu 

L o 

N u 

L o 

Nu 

L o 

2 . C e m e n t 7 . 5 4 . 5 6 9 1 9 0 . 5 0 . 5 0 . 5 0 . 5 1 

0 . 5 0 . 5 0 . 5 0 . 5 1 

Nu 

L o 

N u 

L o 

Nu 

L o 

3. S u g a r - 2 . 5 4 6 1 8 - 0 . 5 1 2 8 

- 0 . 5 1 2 8 

Nu 

L o 

N u 

L o 

Nu 

L o 

4. N o n f e r r o 0 . 1 1 . 5 1 . 5 2 3 0 . 5 0 . 5 1 2 

0 . 5 0 . 5 0 . 5 1 

- 0 . 5 1 

Nu 

L o 

N u 

L o 

5. C a p i t a l g o o d s 1 2 . 5 3 . 5 5 1 0 0 . 5 1 1 1 . 5 3 

0 . 5 1 1 1 . 5 3 

Nu 

L o 

N u 

L o 

6. O t h e r f o o d s 4 . 5 (10) 1 2 1 4 2 3 0 . 5 1 1 . 5 2 4 

0 . 5 1 1 . 5 2 4 

Nu 

L o 

7. C h e n i i c a l 3 ( 5 ) 6 8 1 2 . 5 1 . 5 2 3 4 8 

1 

1 . 5 2 3 5 8 Nu 

L o 

N u 

L o 

8. T i m b e r 1 8 . 5 1 9 1 . 5 1 9 0 1 7 5 1 5 8 4. 5 4 . 5 5 5 5 

1 

3 . 0 3 . 0 3 . 5 3 . 5 3 . 5 

1 . 5 1.5 1.5 1 . 5 1.5 

Nu 

L o 

N u 

L o 

9. 

1 0 . 

S a n d a n d S t o n e 2 ( 4 ) 4 . 5 5 7 2 4 4 , 5 5 7 

1 2 2 . 5 2 . 5 3 . 5 

1 2 2 2 . 5 3 . 5 

Nu 

L o 

Nu 

L o 

N u 

L o 

9. 

1 0 . O i l f a t s 1 8 . 5 1 5 . 5 1 9 2 4 3 9 5 4 5 6 1 0 

2 . 5 2 2 . 5 3 5 

2 . 5 2 2 . 5 3 5 

Nu 

L o 

Nu 

L o 

N u 

L o 

3 7 5 3 5 3 . 5 4 4 6 5 4 4 8 4 8 9 . 5 1 7 2 0 2 5 2 9 . 5 5 1 

3 . 5 4 6 7 . 5 16 

1 2 . 5 3 3 4 . 5 

1.5 3 3 4 . 5 7 . 5 

7 7 9 1 0 . 5 1 6 . 5 

4 3 . 5 4 4 . 5 6 . 5 

Nu 

L o 

Nu 

L o 

N u 

L o 



T a b l e 2 . 4 . T h e I n w a r d D o m e s t i c C a r g o F o r e c a s t i n g 

No COMMODITY CLASS V I A PORT OF PALEMBANG V I A MAIN TERMINAL N u s a n t a r a L o k a l S h i p ) 

Bag P a l l e t / L o o s e / B . b . O t h e r s 

85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 

1 F e r t i l i z e r 49.5 48 76 137 465 30 30 495 98 302 
30 30 4 9 5 89 302 Nu 

24 2 4 " 24 ^24 28 Nu 

2 R i c e 76 119.5 127 137 167 36 5 9 . 5 62 63 75 - - - - - L o 

12 35.5 38 38 47 Kh 

3 S a l t 30 33.5 43 58 113 5 5.5 7 10 20 
5 5.5 7 10 20 Nu 

IfO 

4 A n i m a l f e e d 3 4 5 6 11 1 1 1.5 1.5 3 
1 1 1.5 1.5 3 

Nu 
L o 

5 W h e a t f l o u r 28 32 36 41 58 11 13 15 17 24 
2 
9 

2 
11 

2.5 
12.5 

2.5 
14.5 

3 .5 
20.5 

Nu 

L o 

6 C o n s u m e r g o o d s 19 23 29.5 41.5 89.5 7 8.5 10.5 15 37 
4 .5 
2.5 

5 .5 
3 

7 
3.5 

10 
5 

24 
13 

Nu 

L o 

7 N o n f e r r o 15.5 18 20 23 34 11 12.5 14 16 24 
7.5 
3.5 

8.5 
4 

9.5 
4 .5 

11.5 
5.5 

17 
7 

Nu 
L o 

8 C a p i t a l g o o d s 11 12 15.5 21.5 46.5 5 5 6.5 9 19 
3.5 
1.5 

3.5 
1.5 

4 .5 
2 

6.5 
2 .5 

14 
5 

Nu 

L o 

9 I r o n a n d s t e e l 35.5 (36) 41 49 72 20 20 23 28 40 
5 

15 
5 

15 
6 

17 
7 

21 
10 
30 

Nu 

L o 

10 O t h e r f o o d s 21 22.5 26 31.5 51 10 11 13 16 25 
6 
4 

6.5 
4 .5 

7.5 
6.5 

9 
7 

15 
10 

Nu 
L o 

11 C h e m i c a l s 4 5.5 6 .5 8 13 2 25 3 4 6 
1 
1 

l'.5 

1 
iTs' 

1 

' 2 

2 
3 
3 

Nu 

L o 

2 2 3.5 4.5 10.5 Nu 

12 O i l f a t s 16.5 17 22.5 32 70 15 15 20 28 63 2.5 
10.5 

2.5 
10.5 

4 
12.5 

5.5 
18 

12.5 
40 

L o 

Kh 

13 A s p h a l t 13 (17) 21 27 49 4 5 7 9 16 
4 5 7 9 16 Nu 

L o 

14 S a n d / S t o n e 36 (30) 33 37 50 8 8 8 8 17 
4 
4 

4 
4 

4 
4 

4 
4 

6 
6 

Nu 

L o 

15 L i v e s t o c k 2 2 2.5 3 5 2 2 2.5 3 5 2 2 2.5 3 5 
Nu 

L o 

420 652.5 315.5 67 68 90.5 134.5368.5 24.5 26.5 31 39 71 7 8.5 12 15.5 29.5 Nu 

360 504.5 1294 167 196.5.242.5 671 13 16.5 20.5 23 33.5 26.5 27.5 31 38 61 5.5 5.5 7.5 10.5 20.5 L o 

12 35.5 38 47 - - - - - - 10.5 10.5 12.5 18 40 Kh 

i ) a n d K h u s u s s h i p i n t h i r d r o w , e s p e c i a l l y f o r r i c e a n d o i l f a t s . 
Nu = N u s a n t a r a 
L o = L o k a l 
K h = K h u s u s 



T a b l e 2.5. Summary o f T r a d e F o r e c a s t and s h i p A r r i v a l F o r e c a s t i n g 

CARGO FLOW 
1 

T o t a l C a r g o T o n s / c a l l C a l l / y e a r 

S h i p L o a d i n g ( L ) / U n l o a d i n g (U) / S u b t o t a l ( S D ( 1 0 0 0 MT) , p e r y e a r 

C a l l / y e a r 

es (DWT) c o n t a i n e r p a l l e t b r e a k b u l k o t h e r s (1000 MT) 

85 86 90 95 0 5 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 

L - - 8 33 l o a s - - 25 43.5 45 - - - - -
1 S h u t t l e U - - 17 29 71 - - 22 24.5 35.5 - - 15.5 21 38 - 8 7.5 151 2 9 a 5 - 3600 4000 4 4 0 0 - 25 38 68 

(IS ( 4 0 0 0 ) ST - - 25 62 179L5 - - 47 68 80.5 - - 15.5 21 38 

c L 4 5 1.5 5.5 15 17 16 16.5 12.5 13 - - - - -
0 2 S a m u d r a U 4 9.5 4.5 9 20 31.5 40 8 8 13 4 5 1.5 2 4 (73.3 32 37 65 550 560 570 580 190 58 65 112 
•M ( 1 9 0 0 ) ST 8 4.5 6 14.5 3 5 48.5 56 24.5 2 0 . 5 26 4 5 1.5 2 4 105 

4J K h u s u s L - - - - -
rs 

3 I n t e r n a t . V (Drum) 28.5 13 23 34 74 13 23 34 74 640 650 675 700 20 36 51 106 
C ( 1 8 0 0 ) SI 28.5 13 23 34 74 ] 
u 

as 4 

R u b b e r 

B a r g e 

L 

U 

( L o o s e ) - - 3.5 7 11 
- 3.5 7 11 - 5 0 5 0 5 0 70 140 220 

4J (laO) S T - - 3.5 7 11 

C 
L 4 5 9.5 38.5 123.5 17 16 41.5 56 58 - - - - - - - 3.5 7 11 

M TOTAL u 4 9.5 21.5 38 91 31.5 40 30 32.5 48.5 4 5 17 23 42 2 8 . 5 13 23 34 74 

1 S T 8 14.5 31 76.5 214.5 48 . 5 S 6 71.5 88.5 106.5 4 5 17 23 42 28.5 13 26.5 41 85 

b a q p a l l e t / l o o s e / B . b . o t h e r s 

85 86 90 95 05 85 86 90 95 05 85 86 90 95 05 

Ü 

1 K u s a n t a r a 

( 6 0 0 ) 

L 

U 

ST 

67 

67 

68 

68 

90.5 134.5 3 6 8 5 

90.5 1 3 4 5 3 6 8 5 

1 

24.5 

2 5 . 5 

2.5 

26.5 

29 

3 

31 

34 

3 

39 

42 

4.5 

71 

75.5 

7 

7 

14 

7 

8.5 

15.5 

9 

12 

21 

10.5 

15.5 

26 

16.5 

29.5 

46 

(1123 
83 145.5 202.5 490 320 3S0 975 400 259 4 1 6 540 1225 • 

-rt L 3.5 4 6 7.5 16 1.5 3 3 4.5 7.5 4 3.5 4 4.5 6.5 \ 

+J 2 L o k a l 

[ 1 8 0 ) 

U 

S T 

13 

16.5 

16.5 

2 0 . 5 

20.5 

26.5 

23 3 3 . 5 

30.5 4 9 . 5 

26.5 

28 

2 7 . 5 

30.5 

31 

34 

38 

42.5 

61 

68. 5 

5.5 

9.5 

5.5 

9 

7.5 

11.5 

10.5 

15 

20.5 

27 
60 72 88 145 177 180 180 180 334 400 489 806 ; 

0) K h u s u s L - - - - - - - - -

£ 
0 

3 D o m e s t i c 

( 1 8 0 0 ) 

U 

ST 

12 

12 

35.5 

3 5.5 

38 

38 

38 47 

38 47 

10.5 

10.5 

10.5 

10.5 

12.5 

12.5 

18 

18 

40 

40 
46 5 0 . 5 56 87 640 650 675 700 72 78 83 125 : 

Q Z 3.5 4 6 •J.S 16 2.5 5.5 6 7.5 12 11 10.5 13 15 23 

TOTAL U 

ST 

92 

95.5 

120 

124 

149 

155 

1 9 S 5 4 4 9 

203 465 

51 

53.5 

54 

59.5 

6 2 77 

68 84.5 

132 

144 

23 

34 

24.5 

35 

32 

45 

44 

59 

90 

113 
3 0 7 4 1 4 5 75.5 117a5 875 1083 1406 2662 

i 

GO 
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24 
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m a m DUOIIC l e r m m a i 
e x p o r t : aii c o m m o d i t i s s 

m a m DUDI IC l e r m m a i 
e x p o r t : rubber 

(000 tons) (000 tons) 

100 

- — ' f " ' " ' I 1 1 1 , I c l l l l 

66 66 87 as 89 90 91 92 93 9A 95 96 97 98 99 00 01 02 03 04 06 

vear 

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 06 

year 

via port via MPT in cont. via port via MPT in cont 

m a m publ ic t e rm ina l 
e x p o r t : c o f f e e 

m a m publ ic term.inal 
e x p o r t : o t h e r f o o d 

(OOP tons) 50 
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-o-
-a,' I I I I L-
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year 
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m a m puoi ic t e rm ina l 
impo r t : all c o m m o d i i i e s 

(OOP tons) 

mam publ ic t e rm ina l 
impo r t : c o n s u m e r g o o d s 

. (OPO tons) 

A 
\ _ 

: 1 1 1 ' 1 1 ( 1 1 1 

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 

year 

y ^ 

• 

1 1 1 : „ -L—:—\—1—1— 
86 86 87 88 89 90 91 92 93 94 96 96 97 98 99 00 01 02 03 04 06 

year 

via port via MPT n cont. via port via MPT in cont 

mam pubi ic t e rm ina l 
impo r t : c a p i t a l g o o d s 

m a m publ ic te rm ina l 
i m p o r t : asptnalt 

, ( 000 tons) • (000 tons) 

, 

-I \ I L_ 
85 85 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 06 

year 

f̂c-t-'--f---r-+--h-3'6 8'6 87 38 89 9Ö 91 92 93 94"^96'97'98'99röo o'i 02"Ö3"o4 (Js 

year 

via port via MPT n cont via port via MPT in cont 
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main OJDI IC Terminal 
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chapter I I I 
TERMINAL FACILITIES REQUIREMENT CALCULATION 

B.l General 

For o p t i m a t i z a t i o n of b e r t h i n g f a c i l i t i e s , new as w e l l 
as e x t e n t i o n of an e x i s t i n g f a c i l i t i e s , there are three 
methods of s o l u t i o n t h a t can be a p p l i e d : ( I ) empirical- r u l e 
of thumb, which i s only s u i t a b l e f o r simple systems w i t h low 
t r a f f i c i n t e n s i t y , ( I I ) queueing theory, which i s s t i l l 
acceptable f o r simple systems w i t h high t r a f f i c i n t e n s i t y , 
and ( I I I ) s i m u l a t i o n model technique which i s the only 
appropiate method f o r complex systems i f s u f f i c i e n t data i s 
a v a i l a b l e [4 ] . 
The general r u l e f o r choosing the method, as f a r as the 
r e s u l t i s s t i l l w i t h i n acceptable acuracy, i s t h a t the more 
simple method should be ap p l i e d . Most of p o r t o p e r a t i o n a l 
system, however, f a l l under the category of complex system. 
In these cases the queueing theory does not adequately give 
the r e l i a b l e r e s u l t . Therefore, the s i m u l a t i o n model 
technique becomes the i n e v i t a b l e choice. This s i t u a t i o n 
applies t o the Main Public Terminal as w e l l , because of the 
f o l l o w i n g reasons: 
( I ) p r i o r i t y b e r t h i n g r u l e f o r one type of vessel ( s h u t t l e 

ship) over other types of vessel f o r i n t e r n a t i o n a l 
quay, although t h i s ship has no r i g h t t o b e r t h along 
domestic quay. Moreover, preference of ships c a r r y i n g 
i n t e r n a t i o n a l cargo f o r the i n t e r n a t i o n a l quay and 
preference of ships c a r r y i n g domestic cargo f o r the 
domestic quay, make the b e r t h a l l o c a t i o n r u l e more 
complicated. Obviously, t h i s s i t u a t i o n i s d i f f e r e n t 
w i t h the " f i r s t come, f i r s t served" b e r t h i n g r u l e of 
queueing theory. 

( I I ) The above s i t u a t i o n i m p l i e s also t h a t a l l a r r i v i n g 
ships cannot be acommodated a t a l l b e r t h s , which are 
not i n agreement w i t h the queueing theory basis. 

( I I I ) the quay le n g t h concept was choosen instead of the 
be r t h number concept of queueing theory, based on the 
i n v e s t i g a t i o n r e s u l t of Hansen (1972) t h a t the f i r s t 
concept was proven t o give a considerably less quay 
l e n g t h than the second [ 3 ] . 

Besides one advantage proven by Hansen above, the s i m u l a t i o n 
technique has several other advantages over the queueing 
theory, such as: 
( I ) Technical approach of s i m u l a t i o n technique i s both 

p r e d i c t i v e and o p t i m i z i n g . Whereas the queueing 
theory's i s only p r e d i c t i v e [ 3 ] . 

( I I ) The a p p l i c a b l e area of s i m u l a t i o n technique i s wider, 
thus i n the case of p o r t planning, the more parts of 
the p o r t f a c i l i t y can be i n v e s t i g a t e d . Moreover, i t has 

29 
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been proven, t h a t various r e s u l t s can never be obtained 
w i t h o u t a pplying s i m u l a t i o n technique [ 4 ] . 

( I I I ) The s i m u l a t i o n technique permits the use of r e a l 
s t a t i s t i c a l behaviour of the system, t h e r e f o r e even i n 
simple p o r t problems, t h i s method i s used mainly t o 
improve the r e a l i s m . 

(IV) The s i m u l a t i o n technique i s also the best t o o l t o 
increase understanding about the system i t s e l f . 

But, the s i m u l a t i o n technique i s not f r e e from some 
drawbacks. This i s mainly because of l a r g e data analysis 
requirements and a l a r g e number of r e p e t i t i v e c a l c u l a t i o n s . 
The s i m u l a t i o n technique becomes powerful t o o l only i f i t i s 
assisted by computer. Although, today most personal computers 
are s u f f i c i e n t l y powerful f o r a s s i s t i n g t h i s method, the 
severe problem i s regarding the a v a i l a b i l i t y of the needed 
software and/or programming. Besides the lack of data, i n 
most cases, the reason which r e s t r i c t s the a p p l i c a t i o n of 
t h i s method i s t h e r e f o r e due t o i t s time and cost consuming 
reason. On the other hand, i f a p o r t s i m u l a t i o n model has 
been set up, i t can be u t i l i z e d f o r other p o r t s . For ports 
which are s i m i l a r , e i t h e r p h y s i c a l or o p e r a t i o n a l , i n the 
system, only s l i g h t m o d i f i c a t i o n i s needed. Thus, e s p e c i a l l y 
i n p o r t planning, t h i s w i l l minimize the above r e s t r i c t i o n . 

With regard t o computer programming, a computer 
programming language should be determined f i r s t before 
developing a computer s i m u l a t i o n model. There i s wide choice 
as t o what language can be used, t h a t i s , ranging from 
general purpose computer languages, such as: F o r t r a n , P/L 1, 
e t c . ; t o various s p e c i a l purpose s i m u l a t i o n languages, such 
as: GPSS, Simula, S i m c r i p t I I . 5 , and Prosim. The choice 
should be based upon the a v a i l a b i l i t y of the software, 
s i m u l a t i o n a n a l y s t and programmer. For t h i s study, i t i s a 
great advantage t h a t the s i m u l a t i o n model can be developed 
using the s o - c a l l e d Personal Prosim software, prepared by 
Sierenberg en de Gans i n 1986. The a p p l i c a b l e language f o r 
t h i s software i s Prosim, the most recent s p e c i a l purpose, 
user o r i e n t e d , s i m u l a t i o n language, developed by D e l f t 
Technology of U n i v e r s i t y , and updated and supported by 
Sierenberg en de Gans. 
The main fe a t u r e s of t h i s software are: ( I ) i t i s destined 
f o r use on personal computers, ( I I ) modular programming, 
where i n d i v i d u a l module can be modified w i t h s l i g h t reference 
t o other modules, ( I I I ) i t provides generation of random 
numbers sampled from several s t a t i s t i c a l d i s t r i b u t i o n , and 
(IV) d i s c r e t e as w e l l as continous values can be handled, 
thus i t o f f e r s even a combined d i s c r e t e and continous 
si m u l a t i o n [ 1 2 ] . 

Having recognized the e f f e c t i v e n e s s of the computer 
sim u l a t i o n technique, the i n v e s t i g a t i o n of Main Public 
Terminal using t h i s method can be expected to give the 
f o l l o w i n g outputs: 
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( I ) the composition of t o t a l time spent by ships i n p o r t 
( p o r t t i m e ) 

( I I ) the r e l a t i o n s h i p between p o r t time (or ship-cost i n 
p o r t ) and various planning s t r a t e g i e s ( b e r t h l e n g t h , 
working system e t c . ) 

( I I I ) the d a i l y amount of cargo stored i n the shed or i n the 
yard during the s i m u l a t i o n time 

(IV) the i n f o r m a t i o n needed f o r cargo handling equipment 
c a l c u l a t i o n . 

3.2 Modelling Process 

Simulation i s the process of designing of a r e a l system 
and conduction experiments w i t h t h i s model f o r the purpose 
e i t h e r of understanding the behaviour of the system or of 
ev a l u a t i n g various s t r a t e g i e s ( w i t h i n the l i m i t s imposed by a 
c r i t e r i o n or set of c r i t e r i a ) f o r the operation of the system 
[Shannon][10]. S t a r t i n g from t h i s d e f i n i t i o n , a development 
process f o r a computer s i m u l a t i o n modelling on p o r t 
o p e r a t i o n a l system of Main Public Terminal, r e q u i r e s the 
f o l l o w i n g successive stages: ( I ) understanding the system 
being s t u d i e d , ( I I ) programming, ( I I I ) v a l i d a t i o n (and or 
c a l i b r a t i o n ) , and (IV) experimentation. 

The term systems means a group of u n i t s (components) 
which operate i n some i n t e r r e l a t e d manner [ 1 1 ] . 
According t o L. Jones (1972), t h a t a system co n s i s t s not only 
of the s p e c i f i e d components, but also the i n t e r e s t i n viewing 
the system. This i s because, w i t h a d i f f e r e n t view, the same 
set of u n i t s may lead t o d i f f e r e n t systems [ 9 ] . 
Port o p e r a t i o n a l system can be described as an a d m i n i s t r a t i o n 
of p o r t f a c i l i t i e s (space and equipment) and o r g a n i s a t i o n of 
po r t labour, i n order t o f u l f i l l the f u n c t i o n of p o r t as a 
t r a n s f e r t e r m i n a l i n the t o t a l chain of t r a n s p o r t , where 
goods (and some time passanger) being t r a n f e r e d frora sea t o 
land and v i s e versa. The handling of goods i n t h i s t r a n f e r 
p o i n t w i l l i n c l u d e : l o a d i n g / d i s c h a r g i n g , routing/moving, 
storing/warehousing, and r e c e i v i n g / d e l i v e r y of cargo. 
The cargo handling o p e r a t i o n i n the general cargo t e r m i n a l 
such as Main Public Terminal, i s not simple, mainly due t o 
the so wide v a r i e t y of packaging form of general cargo, 
ranging from u n i t i z e d cargo: c o n t a i n e r , p a l l e t , preslung; t o 
non-unitized cargo/breakbulk: cases, carton, loose drum, and 
sometime heavy l i f t . 
Using terminology introduced by R.L. Ackhoff (1972), the p o r t 
o p e r a t i o n a l system of Main Public Terminal, has the f o l l o w i n g 
features [ 9 ] : 
( I ) as a common user t e r m i n a l s , the goal of t h i s system i s 

t o handle cargo f l o w through the t e r m i n a l i n an 
economical manner 

( I I ) concrete, which means t h a t t h i s system contains some 
physi c a l components 
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( I I I ) open, because t h i s system i n t e r a c t s w i t h e x t e r n a l 
elements 

(IV) dynamic, because i t s s t a t e changes over time. 
Furthermore, t h i s system comprises a number of components 
such as: ship, quay, shed, yard, equipment, p o r t 
a d m i n i s t r a t i o n , cargo and other smaller e n t i t i e s . 
In a d d i t i o n t o those e x p l a n a t i o n , the i n t e r e s t of p o r t 
a d m i n i s t r a t i o n as a main i n v e s t o r of p o r t f a c i l i t i e s , i n 
viewing t h i s system, i s i n the performance and cost of. i t s 
p h y s i c a l a c t i v i t y . 

A f t e r having s u f f i c i e n t understanding of the a c t u a l 
system, the f i r s t step i n the programming i s t o schematize 
the system by leaving out a l l non-relevant aspects. 
Schematization i s a matter of s i m p l i f i c a t i o n . This c o n s i s t s 
of four major p r i n c i p l e s : 
( I ) d e l e t i o n of component, a t t r i b u t e s (any value 

components; which has no s i g n i f i c a n t e f f e c t on the 
expected o u t p u t / r e s u l t . 

( I I ) the use of random v a r i a b l e s t o avoid the d e s c r i p t i o n of 
r a t h e r complicated a c t i v a t i e s . 

( I I I ) r e d u c t i o n of the value range of a t t r i b u t e s t o avoid 
complicated and expensive c a l c u l a t i o n s . 

(IV) aggregation by r e p l a c i n g a number of 
components/attributes by one ( r e p r e s e n t a t i v e ) 
component/attribute. 

The d e c i s i o n concerning the degree of schematization i s very 
important. I t must be based upon, not only the a v a i l a b i l i t y 
of data, but more i m p o r t a n t l y i s the o b j e c t i v e of u t i l i z i n g 
the s i m u l a t i o n method. I n other words, i t r e f e r s t o the 
outputs expected. I n t h i s study, these outputs have been 
mentioned i n previous subchapter. 
Moreover, because of long-term planning, the main fe a t u r e s of 
the model f o r Main Public Terminal was r a t h e r high 
schematization. These i n c l u d e : 
( I ) The t e r m i n a l layout has been s i m p l i f i e d . I t was d i v i d e d 

i n t o two sub-terminals, namely: a) i n t e r n a t i o n a l sub-
t e r m i n a l , f o r i n t e r n a t i o n a l cargo and b) domestic sub-
t e r m i n a l , f o r domestic cargo. 
Each subterminal i s served by separate sheds, yards and 
equipment. Furthermore, smaller e n t i t i e s , such as: 
f o r k l i f t s , t r u c k s , barges and other smaller cargo 
handling equipment have been omit t e d . 

( I I ) The p o r t a d m i n i s t r a t i o n i s a c t u a l l y an aggregation of 
harbour-master, t e r m i n a l owner, p o r t labour and other 
i n s t i t u t i o n s i n v o l ved i n the cargo handling o p e r a t i o n . 

( I I I ) With regard t o loading/discharging operations, the 
q u a n t i t y of cargo on ship's board changes d i s c r e t e l y 
every hour as a r e s u l t of the loading/discharge 
p r o d u c t i v i t y . The amount of h o u r l y loading/discharging 
p r o d u c t i v i t y depends on the number of cranes i n use, 
packaging form of cargo, and type of ship. This 
aggregation s o l u t i o n was taken i n order t o avoid 
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c o m p l i c a t i o n i f the cargo i s handled u n i t by u n i t w i t h 
various packaging forms and various cargo handling 
r a t e s . The s i m i l a r s o l u t i o n was also taken f o r 
r e c e i v i n g / d e l i v e r y of cargo i n the shed and i n the 
yard. 

(IV) The a r r i v a l of outbound cargo i n the storage f a c i l i t i e s 
was merely some s p e c i f i e d time span (approximately: 
dwelltime) before a r r i v a l of the corresponding ship. 
This manipulation may be acceptable, considering t h a t 
the outbound cargo w i l l o f t e n be brought t o the 
t e r m i n a l once the a r r i v a l time of the expected ship i s 
known. Moreover, i n the Main Public Terminal case, the 
average of dwelltime of outbound cargo i n the storage 
f a c i l i t i e s was r e l a t i v e l y s h o r t , less than a week. 

However, the schematization has t o be c a r r i e d out c a r e f u l l y , 
i n order t o keep the model s t i l l meaningful. Due t o the 
f o u r t h s i m p l i f i c a t i o n above, the model w i l l lose i t s 
c a p a b i l i t y t o i n v e s t i g a t e the c o n t r i b u t i o n of cargo delay t o 
the p o r t time of ship. Such s i m p l i f i c a t i o n , however, was 
s t i l l used because i t o f f e r s much simpler s o l u t i o n . A f t e r 
a l l , schematization i s an a r t i n m o d e l l i n g ; there i s always 
compromise between easy p r e p a r a t i o n on one sid e , and great 
d e t a i l e d r e s u l t s on other side. Sometimes, the a v a i l a b i l i t y 
of data should be taken i n t o c o n s i d e r a t i o n as w e l l . 
The second step i n the programming i s t o develop a verbal 
model, which describes the a c t i v i t y of components and t h e i r 
r e l a t i o n s h i p . A f u r t h e r step i s the t r a n s l a t i o n of verbal 
model i n t o a computer s i m u l a t i o n program. This program should 
be v e r i f i e d i n order t o prove whether the model has been 
properly programmed. I t i s one of the advantage of using the 
Personal Prosim software i n t h i s m o delling, because i t o f f e r s 
v e r i f i c a t i o n f a c i l i t i e s . 

The o b j e c t i v e of the v a l i d a t i o n stage i s t o ensure 
whether the s i m u l a t i o n program i s a proper r e p r e s e n t a t i o n of 
the system being s t u d i e d . Therefore, t h i s i s a very important 
part of s i m u l a t i o n modelling. But the d i f f i c u l t y a r i s e s , 
however, because the model i s never a complete r e p r e s e n t a t i o n 
of the r e a l system, whereas the r e a l system i s never 
completely known. Therefore, i t must be recognized t h a t the 
o b j e c t i v e of proving the s i m u l a t i o n c o r r e c t can only be 
approached, not achieved [ 1 1 ] . Nevertheless, the v a l i d a t i o n 
process has t o be c a r r i e d out so as t o have a model which 
represents the r e a l system adequately f o r the purposes of the 
study f o r which i t i s used. Thus, a model i s considered v a l i d 
i f i t gives a v a l i d r e s u l t . I n other words, the d i f f e r e n c e 
between model generated data and data obtained from a r e a l 
system i s s t i l l w i t h i n acceptable l i m i t s . For t h i s purpose, 
some data should be c o l l e c t e d t o be used t o t e s t the model 
v a l i d i t y . The r e s u l t of v a l i d i t y t e s t i n g w i l l be presented i n 
the next sub-chapter. 

F i n a l l y , the most important stage i n the s i m u l a t i o n 
modelling i s t o perform experimentation of the model i n order 
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t o o b t a i n outputs t o which the s i m u l a t i o n modelling i s t r y i n g 
to achieve. These outputs are o f t e n i n f o r m a t i o n of possible 
f u t u r e s i t u a t i o n s . The r e s u l t s from experimentation and t h e i r 
a nalysis w i l l be given i n the next sub-chapter. 

3.3 MPTSIM Model 

3.3.1 Boundary 

According t o Banks and Carson I I [ 1 ] , a system i s o f t e n 
a f f e c t e d by changes oecuring outside the system or i n the 
system environment. Thus t o model a system, i t i s necessary 
to decide on the boundary between the system and i t s 
environment. Based on the purpose of t h i s study, the po r t 
o p e r a t i o n a l system of MPT and also i t s model which was named 
MPTSIM model, can be represented: 

At the boundaries of our knowledge of a system we tend t o use 
random v a r i a b l e s [ ] . This i s because i t needs exhaustive 
study t o p r e d i c t e x a c t l y , f o r instance, the a r r i v a l of ship, 
and moreover i t would mean g r e a t l y widening the boundaries of 
the sytem. Therefore i t i s simply t o study past records, 
observe the d i s t r i b u t i o n , and then sample from i t . Moreover, 
using Personal Prosim which has a random generation f a c i l i t y , 
i t i s no need of f i n d i n g s out e x a c t l y how the a r r i v a l s are 
generated. 

The water-side boundary of the MPTSIM model i s the 
a r r i v a l / d e p a r t u r e of ships c a r r y i n g cargo. The a r r i v a l time 
of ships are s t o c k a s t i c a l l y determined f o l l o w i n g the 
s p e c i f i e d d i s t r i b u t i o n p a t t e r n . The departure of ships take 
place a f t e r the com.pletion of b e r t h i n g a c t i v i t y . The amount 
of cargo t o be c a r r i e d i s randomly determined based on a 
c e r t a i n d i s t r i b u t i o n . For other a t t r i b u t e s of ship, only a 
few are s t o c k a s t i c and most of them are d e t e r m i n i s t i c values. 

The land-side boundary of the MPTSIM model i s the 
r e c e i v i n g / d e l i v e r y of cargo by i n l a n d t r a n s p o r t . The time of 
r e c e i v i n g / d e l i v e r y i s determined based on two randomly 
defined values: a r r i v a l of corresponding ship and dwell time 
of cargo i n storage. The amount of cargo t o be 

r 
boundary 

a r r i v a l / 
departure 
of ships 
c a r r y i n g 
cargo 

r e c e i v i n g / 
d e l i v e r y of 
cargo 

f i g r e l . a Boundary of MPT system. 
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r e c e i v e d / d e l i v e r e d i s also determined based on the 
corresponding shipload which i s s t o c k a s t i c a l l y defined as 
w e l l . However, the assumption i s made f o r the 
r e c e i v i n g / d e l i v e r y r a t e . 

3.3.2 C o n f i g u r a t i o n 

The general c o n f i g u r a t i o n of the MPTSIM model w i t h regard, t o 
ship process : 

1. Queue s t r u c t u r e and Management 

Every a r r i v i n g ship j o i n s a s i n g l e " w a i t i n g " queue. This 
schip i s placed according t o i t s a r r i v a l time. The assignment 
of ships t o ber t h room i s attempted a f t e r every a r r i v a l and 
a f t e r each departure. The considered ship i s the f i r s t ship 
w i t h highest p r i o r i t y . The queue management regarding the 
a l l o c a t i o n of b e r t h room i s t h a t the b e r t h i n g of the 
considered ship w i l l be attempted, and i f i t cannot be 
accomodated because the b e r t h space i s not a v a i l a b l e , no 
other ship w i l l be considered. I n other words, such s t r i c t 
r u l e i s maintained, even though there may be smaller, lower 
p r i o r i t y ships w a i t i n g . These w i l l not be perm i t t e d t o b e r t h 
u n t i l the ship being considered has been serviced. A f t e r each 
assignment of a ship t o a b e r t h , the remaining b e r t h length 
i s checked and f u r t h e r assignments are attempted using the 
same a l l o c a t i o n r u l e . I t can happen t h a t ship does not spend 
time i n the w a i t i n g queue, i f the re q u i r e d b e r t h space i s 
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a v a i l a b l e when i t a r r i v e s . 

2. Berthing 

Several c o n d i t i o n s must be met before a ship can be berthed: 
1. Enough quay length must be a v a i l a b l e and designated t o 

t h a t ship. 
2. At l e a s t one crane ( e i t h e r ship crane or quay crane) must 

be a v a i l a b l e f o r (un)loading o p e r a t i o n . Thus when a ship 
has no ship's crane and no quay crane i s a v a i l a b l e ( a l l 
quay cranes are busy), t h a t ship w i l l not be allowed t o 
take up b e r t h space. 

The b e r t h i n g a l l o c a t i o n r u l e : 

No Ship 

1 Nusantara (2) 
L o k a l (3) 
Khusus (5) 

2 Samudra (1) 
Khusus I n t . ( 

3 Rbarge (7) 

4 S h u t t l e 

cargo 

domestic 

i n t . 

i n t . 

i n t . 

Quay 

4J o 

+ + 

+ 

P r i o r i t y P r e f e r e n c e 
f o r i n t . i n t . dom. 
quay quay quay 

Crane 
cu 

tn O 

see 
f i g 

3 .1 

3.1 

3.1 

3.1 

Room i n domestic quay (a)? 
I f yes: mooring th e r e . 
I f no: b. 
Room i n i n t e r n a t i o n a l quay (c)? 
I f yes: mooring there. 
I f no: remains i n the queue (d) 3.I.c 

Room i n i n t e r n a t i o n a l quay (a)? 
I f yes: mooring th e r e . 
I f no: b. 
Room i n domestic quay (c)? 
I f yes: mooring th e r e . 
I f no: remains i n the queue (d) 

a 
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a, b, c, d: s i m i l a r 
Samudra and Khusus 
I n t . ships. 
For R-barge, mooring i s 
permitted only a f t e r 
room and quay crane are 
a v a l l a b l e . 

Room i n i n t e r n a t i o n a l quay (a)? 
I f yes: mooring there 
I f no (b) : 
- asks Port A d m i n i s t r a t i o n t o 

order a number of non-shuttle 
ships i n i n t e r n a t i o n a l quay t o 
vacate/leave u n t i l room 
a v a i l a b l e f o r her. 

- I f room i s not a v a i l a b l e : 
s h u t t l e remains i n queue. 

3. Quay Crane A l l o c a t i o n 

The quay cranes are d i s t r i b u t e d among the r e q u i r i n g ships 
according t o t h e i r " a r r i v a l " time i n the CRANESHIPSET (a set 
of ships which r e q u i r e quay crane). The number of quay cranes 
assigned t o a ship i s the smallest of e i t h e r the number of 
quay cranes a v a i l a b l e or the number of quay cranes the ship 
needs. 

4. Ship S e r v i c i n g Method 

The loading/discharging time depends on: 
- amount of cargo t o be handled 
- cargo handling r a t e , which i s dependent on the packaging 

form of cargo 
- number of crane (shipcranes and quay crane) employed 
whereas the b e r t h i n g time, the period of time spent by a ship 
along the b e r t h , depends on several f a c t o r s : 
- loading and disc h a r g i n g time 
- mooring and unmooring time 
- working s i t u a t i o n : working time and production l e v e l of 

cargo handling o p e r a t i o n . 

•Aia\-t\ra rr-r c r a y i p 

—v+ S H 

3—1 î .̂b 1 
mnv. OMU \ I 

I 

3 . 1 . e 

dom 
quay 

m t 
quay 
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With regard t o cargo movement i n t e r m i n a l , the MPTSIM. model 
has the f o l l o w i n g c o n f i g u r a t i o n : 

f i g u r e 1 

SHIP 

SHED 
v i a shed 

d i r e c t 

^ v i a yard ; ̂  TRUCK 

amount; 
time 

r a t e 

r o u t i n g of 
discharged/ 
loaded cargo 

randomly def i n e d 
during d i s c h a r g i n g / 
loading o p e r a t i o n 
of ships 

cargo handling r a t e 
m u l t i p l i e d by r o u t i n g 
r a t i o 

r e c e i v i n g / 
d e l i v e r y of 
of cargo 

randomly defined 
estimated based on 
departure of ships 
and d w e l l time of 
cargo i n storage. 

assumed: 12 tons/ 
hour f o r d e l i v e r y 
and 2 4 tons/hour 
f o r r e c e i v i n g 
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3.3.3 St r u c t u r e 

The computer s i m u l a t i o n program f o r Main Public Terminal 
was named MPTSIM. This model con s i s t s of two p a r t s : 
( I ) d e f i n i t i o n s e c t i o n , which shows the c o n f i g u r a t i o n of the 

model and 
( I I ) dynamic s e c t i o n , which shows the dynamic behaviour of 

the l i v i n g components. 
The s t r u c t u r e of t h i s model i s represented i n f i g u r e 3.1. 

The d e f i n i t i o n s e c t i o n corresponds t o only one module, 
namely Define Module. Whereas the dynamic s e c t i o n can contain 
as many modules as are necessary. The dynamic s e c t i o n of t h i s 
model consists of 6 ( s i x ) modules, namely: 
( I ) Main Module, which describes a process d e s c r i p t i o n of 

system s i n g l e component Main. This module deals w i t h a 
number of t e c h n i c a l matters not d i r e c t l y r e l a t e d t o the 
model, such as: s i m u l a t i o n s c h e d u l l i n g , r e c e i v i n g of 
i n p u t , and p r o v i d i n g output. 

( I I ) Generator Module, which describes a process d e s c r i p t i o n 
of user defined class component Generator. 

( I I I ) Ship Module, which deals w i t h a process d e s c r i p t i o n of 
user defined class component Ship. 

(IV) Storage Module, which takes care of a process 
d e s c r i p t i o n of user defined class component Cargo. 

(V) P o r t - A d m i n i s t r a t i o n Module, which describes a process 
d e s c r i p t i o n of user defined s i n g l e component Port-
A d m i n i s t r a t i o n , and 

(VI) Surveyor Module, which takes care of a process 
d e s c r i p t i o n of user defined s i n g l e component Surveyor. 

A number of macros (or subroutines) i s also attached t o t h i s 
model, t h a t i s : 
( I ) Cargo-Sender Macro, which takes care of the c r e a t i o n of 

outbound cargo. 
( I I ) Cargo Receiver Macro, which deals w i t h the c r e a t i o n of 

inbound cargo, and 
( I I I ) Crane Planner Macro, which deals w i t h the crane 

a l l o c a t i o n t o the r e q u i r i n g ship. 

3.3.4 Process D e s c r i p t i o n 

There are two s o r t s of components which c o n s t i t u t e the 
MPTSIM model, t h a t i s : 
( I ) data component, which i s "dead" during the s i m u l a t i o n 

time ( i t s f u n c t i o n being t o c a r r y i n f o r m a t i o n ) and 
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c o n f i g u r a t i o n 
of Model 

DEFINITION SECTION 

Define Module 
- component 
- queue 
- time u n i t 
- a t t r i b u t e s 
- input/output/random 

stream 

DYNAMIC SECTION 

system s i n g l e 
component 
MAIN 

user defi n e d 
class component 
GENERATOR 

user defined 
class component 
SHIP 

user defined 
class component 
Cargo 

user defined 
s i n g l e component 
PORT ADMINISTRA
TION 

user defined 
s i n g l e component 
Surveyor 

Main Module: 
- i n p u t 
- run c o n t r o l 
- output 

Generator Module 
- generation of ship 
- a t t a c h i t s a t t r i b u t e s 

Ship Module: 
- process of ship 
- generation of cargo 

and a t t a c h i t s a t t r i 
butes 

Storage Module: 
- process of cargo 

Port Adm. Module: 
- b e r t h 

a l l o c a t i o n 

Surveyor Module: 
- c o l l e c t data 

f i g u r e 3.1. S t r u c t u r e of the MPTSIM Model 



f i g u r e 3.2. Flowchart of the MPTSIM program 
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iENTER PREARIVALLISTI 
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CALL i 

GENERATE OUTBOUNOj 
CARGO ' 

IATTACH I T S PROPERTIES! 

ACTIVATE T H I S CARGO! --

: RETURN 
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CALL 

GENERATE INBOUND 
CARGO 
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( RETURN j 
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NO 
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( I I ) l i v i n g component, which i s " a l i v e " d u r i n g the s i m u l a t i o n 
time, and t h e r e f o r e performs a c e r t a i n a c t i v i t y t h a t may 
change the value of the component i t s e l f or the value of 
the other components. 

In the MPTSIM model, the components which f a l l i n t o f i r s t 
category are: quay, crane, shed, and yard. Whereas the 
components which belong t o the second group are: Main, 
Generator, Ship, Cargo, Port A d m i n i s t r a t i o n and Surveyor. 

The dynamic behaviour of the model w i l l be s u f f i c i e n t l y 
represented by sets of process d e s c r i p t i o n of those l i v i n g 
components. The flowchart which o u t l i n e s the process 
d e s c r i p t i o n of those l i v i n g components (excluding Main 
component) and t h e i r r e l a t i o n s h i p , are presented i n the 
f i g u r e 3.2. Nevertheless, a more d e t a i l e d d e s c r i p t i o n of user 
defined l i v i n g components are given below. 

( I ) Generator 

The MPTSIM model i s capable of handling any number of 
generators a t one time. I n t h i s study, 7 (seven) generators 
have been set up i n order t o create 7 (seven) corresponding 
types of vessel, namely: S h u t t l e , Samudra, Khusus 
I n t e r n a t i o n a l , Nusantara, Lokal, Khusus Domestic, and Rubber 
Barge. A f t e r the c r e a t i o n of a corresponding ship, the 
generator assigns a number of a t t r i b u t e s t o t h a t ship, such 
as: type, t r a d e , p r i o r i t y , l e n g t h , cargo, ship's crane, 
required quay crane, cargo handling r a t e , packaging form of 
cargo, working hour per day, ship's cost per hour i n p o r t , 
mooring time, unmooring time, e t c . Some of these values are 
s t o c h a s t i c a l l y defined. D i f f e r e n t s t a t i s t i c a l d i s t r i b u t i o n 
may be used f o r d i f f e r e n t type of vessel. A f t e r the 
assignment of these a t t r i b u t e s , the ship i s a c t i v a t e d so as 
to perform i t s own process i n the Ship Module. Before 
generating the next ship, the generator waits f o r a c e r t a i n 
length of time s p e c i f i e d according t o the i n t e r - a r r i v a l time 
d i s t r i b u t i o n of t h a t ship. 

( I I ) Ship 

A f t e r the a c t i v a t i o n by the generator, the ship enters the 
p r e a r r i v a l l i s t (as a queue a c t i v i t y ) , and stays there f o r 30 
days. This manipulation was made merely i n order t o have 
enough time f o r the outbound cargo, which should be stored i n 
the shed and i n the yard f o r a c e r t a i n length of time 
(approximately dwelltime, randomly defined) before being 
loaded t o the corresponding ship. Therefore, having j u s t 
entered the p r e a r r i v a l l i s t , the sh i p creates two so r t s of 
outbound cargo: a) t h a t which w i l l be stored i n the shed, and 
b) which w i l l be stored i n the yard. Afterward, a number of 
a t t r i b u t e s i s assigned t o those two cargoes, such as: amount. 
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trade, r o u t i n g ( i n d i c a t e the s p e c i f i e d storage f a c i l i t i e s ) , 
and i t s a r r i v a l time t o the storage f a c i l i t i e s . F i n a l l y , 
these cargoes are a c t i v a t e d so as t o s t a r t t h e i r own " l i f e " 
i n the Storage Module. 
Having spent 30 days on the l i s t , the ship a r r i v e s i n p o r t , 
and enters the w a i t i n g row (as a queue a c t i v i t y ) , and 
requests the Port A d m i n i s t r a t i o n f o r b e r t h i n g room. 
I f at t h i s time, the Port A d m i n i s t r a t i o n i s i n passive 
c o n d i t i o n , i t w i l l a u t o m a t i c a l l y be r e a c t i v a t e d by t h i s 
request. While w a i t i n g the answer, the ship becomes passive. 
I f there i s enough b e r t h i n g room, the ship ( t h a t i s the f i r s t 
ship i n w a i t i n g row w i t h highest p r i o r i t y , not necessarily 
the ship which d e l i v e r request a t t h i s time) w i l l be 
r e a c t i v a t e d by the Port A d m i n i s t r a t i o n . Meanwhile the other 
ships i n w a i t i n g row remain passive. For the a c t i v e ship 
requires quay crane, i t r e g i s t e r s i t s e l f i n Craneshipset and 
asks the r e q u i r e d quay-cranes from craneplanner. This ship 
becomes passive i f there i s no crane (ship's crane or 
quaycrane) and w a i t s u n t i l i t gets a t l e a s t one crane i n the 
next r e a l l o c a t i o n of quay cranes. This r e a l l o c a t i o n takes 
place every ' a r r i v a l ' and 'departure' of ship i n 
Craneshipset. The ship departs from t h i s s e t , only i f the 
(un)loading o p e r a t i o n has been f i n i s h e d or has t o be stopped. 
Having b e r t h i n g room and at l e a s t one crane, the ship i s able 
to continue her own l i f e (process), such as: mooring, 
unloading, loading and unmooring. Mooring and unmooring time 
are 2 hours r e s p e c t i v e l y . Whereas ( u n ) l o a d i n g time depend on 
several f a c t o r s , such as: the amount of cargo t o be 
(un)loaded, the cargo handling r a t e , the t o t a l number of 
cranes used (ship's or quay crane), (the quay cranes are 
obtained from craneplanner macro), the e f f e c t i v e working, and 
the d a i l y working hour. The l a s t f a c t o r i m p l i e s t h a t the 
cargo handling o p e r a t i o n takes place only during working 
hour. For t h i s purpose, every hour d u r i n g working hours, the 
ship w i l l check the time. I f the time exceeds the working 
hour, the ship stops the o p e r a t i o n , and continues next day. 
I t i s n e c e s s a r i l y known, t h a t upon a r r i v a l of s h u t t l e ship 
(deserves p r i o r i t y over i n t e r n a t i o n a l quay), i f there i s not 
enough b e r t h i n g room f o r her, one or more non-shuttle ship 
( i f any) on an i n t e r n a t i o n a l quay must stop the cargo 
handling o p e r a t i o n and vacate the quay, i n order t o give 
space f o r a r r i v i n g s h u t t l e ship. A f t e r unmooring, t h i s ship 
reenters the w a i t i n g row w i t h higher p r i o r i t y than l a t e r 
a r r i v i n g n o n - s h u t t l e ships. For craneshipset member, j u s t 
having f i n i s h e d loading o p e r a t i o n , i t r e t u r n s the quaycrane 
i t uses duri n g loading operation and q u i t s from t h i s set. And 
having performed the mooring a c t i v i t y , the ship w i l l create 
two sorts of inbound cargoes: a) t h a t which w i l l be stored i n 
the shed and b) t h a t which w i l l be s t o r e d i n the yard. The 
s i m i l a r a t t r i b u t e s of outbound cargo, are also assigned t o 
these cargoes. Afterward, they are a c t i v a t e d so as t o s t a r t 
t h e i r process i n the Storage Module. 
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F i n a l l y , the ship leaves the p o r t , informs t h i s t o the Port 
A d m i n i s t r a t i o n , and disappears from the system. 
I t may be valuable i n f o r m a t i o n t h a t : a) the n a v i g a t i o n a l 
operation ( t i d e , t u g , and p i l o t f a c t o r s ) are beyond t h i s 
MPTSIM model. Furthermore, the mooring and unmooring a c t i v i t y 
as a p a r t of ship o p e r a t i o n can always be performed a t due 
time; b) a f t e r the c r e a t i o n of cargo by ship, there i s no 
i n t e r a c t i o n a l l i f e between the cargo i n storage module and 
the corresponding ship i n ship module. 

( I l l ) Cargo 

The process d e s c r i p t i o n of outbound and inbound cargo are 
s i m i l a r . A f t e r a c t i v a t i o n by the ship, the cargo wa i t s f o r a 
c e r t a i n time u n t i l i t s a r r i v a l time at p o r t (outbound cargo) 
or u n t i l i t s l e a v i n g time from p o r t (inbound cargo). Having 
performed the s t o r i n g a c t i v i t y f o r outbound cargo, and the 
unsto r i n g a c t i v i t y f o r inbound cargo; they disappear from the 
system. There are three main cargo flows concerning t h e i r 
trade and packaging form, t h a t i s : 
a) container ( i n t e r n a t i o n a l cargo) 
b) non-container of i n t e r n a t i o n a l cargo 
c) non-container of domestic cargo. 

(IV) Port A d m i n i s t r a t i o n 

Although cargo handling only takes place d u r i n g working 
hours. Port A d m i n i s t r a t i o n works 24 hours a day, and 7 days a 
week, which means t h a t other operations such as mooring and 
unmooring may take place beyond working hours. And i t becomes 
passive ("relax") i f there i s no ship i n the w a i t i n g row. The 
PASHIP which i s under c o n s i d e r a t i o n of Port A d m i n i s t r a t i o n , 
i s the f i r s t ship i n the w a i t i n g row w i t h highest p r i o r i t y . 
The b e r t h i n g a l l o c a t i o n depends on the type of vessel. The 
s h u t t l e ship w i l l only be given b e r t h i n g room on the 
i n t e r n a t i o n a l quay w i t h (highest) p r i o r i t y over other types 
of vessel. The ship c a r r y i n g i n t e r n a t i o n a l cargo (other than 
s h u t t l e ships) w i l l have preference over the i n t e r n a t i o n a l 
quay. This means the Port A d m i n i s t r a t i o n w i l l seek b e r t h i n g 
room on the i n t e r n a t i o n a l quay f i r s t . I f t h i s i s not 
a v a i l a b l e , the Port A d m i n i s t r a t i o n attemps t o seek a 
p o s s i b i l i t y on the domestic quay. S i m i l a r preference a p p l i e s 
also f o r ships c a r r y i n g domestic cargo f o r domestic quay. As 
mentioned e a r l i e r , upon the a r r i v a l of s h u t t l e s h i p , i t may 
happen t h a t some of the non-shuttle ship on the i n t e r n a t i o n a l 
quay must vacate the b e r t h . These ships are chosen, according 
to the c r i t e r i o n "the l a s t ship a r r i v e d on the quay w i t h 
lowest p r i o r i t y " , u n t i l there i s enough b e r t h i n g room 
a v a i l a b l e f o r a r r i v i n g s h u t t l e ship. Therefore, the s h u t t l e 
ship w i l l only stay i n the w a i t i n g row during the unmooring 
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of v acating ship takes place. Or i f the other s h u t t l e ships 
occupy the i n t e r n a t i o n a l quay w i t h o u t g i v i n g enough b e r t h i n g 
room f o r a r r i v i n g s h u t t l e ship. I n summary, there two 
a t t r i b u t e s given t o the ship by Port A d m i n i s t r a t i o n , t h a t i s : 
a) subterminal ( i n t e r n a t i o n a l or domestic), and 
b) cargohandling (stop or n o t ) . 

(V) Surveyor 

The process d e s c r i p t i o n of t h i s component i s very simple. At 
the beginning of each working day, a c e r t a i n amount of data 
i s recorded, t h a t i s : 
a) container i n t e r n a t i o n a l cargo i n the shed and i n the yard 
b) non-container i n t e r n a t i o n a l cargo i n the shed and i n the 

yard 
c) non-container domestic cargo i n the shed and i n the yard. 

3.3.5 Inputs 

As mentioned e a r l i e r , the r e s u l t of t r a f f i c f o r e c a s t i n g 
i s one of several inputs t o be s u p p l i e d t o the model. Other 
inputs are: t e r m i n a l f a c i l i t i e s i n f o r m a t i o n , i n t e r - a r r i v a l 
p a t t e r n of each type of v e s s e l , ship's cargo i n f o r m a t i o n , 
ship's l e n g t h , cargo handling r a t e f o r each ship's type and 
packaging form of ship's cargo, d i s t r i b u t i o n i n f o r m a t i o n 
concerning ship's cargo over storage f a c i l i t i e s , cargo 
residence time (dwelltime) of cargo i n the storage 
f a c i l i t i e s , number of ship's crane and the r e q u i r e d 
a d d i t i o n a l quay cranes, and ship's cost per hour i n p o r t . 
D e t a iled i n f o r m a t i o n of these data can be found i n Annex B. 
However, b r i e f d e s c r i p t i o n s given below: 

( I ) Terminal F a c i l i t i e s I n f o r m a t i o n 

This i n f o r m a t i o n incorporates a t l e a s t : i n t e r n a t i o n a l 
quay l e n g t h , domestic quay l e n g t h and the number of mobile 
quey cranes. As p r a c t i c e d now, the 10 meters overhanging on 
f r e e end of the quay w i l l be employed, thus making the 
a v a i l a b l e quay length 10 meters longer than i t s a c t u a l 
physical length f o r e i t h e r i n t e r n a t i o n a l or domestic quay. 
Furthermore, the i n t e r s p a c i n g between ships of 5 m as 
p r a c t i c e now w i l l be employed f o r 1986. However an 
i n t e r s p a c i n g of 10 percent of LOA i s considered f o r the 
f u t u r e . 

( I I ) I n t e r a r r i v a l p a t t e r n of ships 

The i n t e r a r r i v a l p a t t e r n of Samudra, Nusantara, Khusus 
and Lokal vessels f o l l o w the Negative Exponential 
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D i s t r i b u t i o n (NED) which i s based upon the f i n d i n g s of a 
consultant. I t i s assumed t h a t such d i s t r i b u t i o n w i l l also 
apply t o rubber-barges, the a r r i v a l of which i n port i s 
(considered) less scheduled and independent from the seasonal 
( r a i n y / d r y ) e f f e c t s . This i s d i f f e r e n t f o r s h u t t l e vessels, 
which have a more f i x e d scheduled a r r i v a l . Therefore, the 
Erlang d i s t r i b u t i o n w i t h a high value of k i s assumed f o r 
these vessels. The Personal Prosim suggested, however, t h a t 
an Erlang d i s t r i b u t i o n k> 10 should be replaced w i t h Normal 
d i s t r i b u t i o n . 

( I I I ) D i s t r i b u t i o n of Ship's Length 

The average and histogram of length of Samudra, 
Nusantara, Lokal, and Khusus have been i n v e s t i g a t e d and 
presented i n Annex B2. Furthermore, i t was assumed t h a t 
Shuttle and Rubber barge f o l l o w the uniform d i s t r i b u t i o n . 

(IV) Cargo of Ship 

The average value of ship's cargo per c a l l of Samudra, 
Nusantara, Lokal and Khusus i s a v a i l a b l e . However, i t s 
d i s t r i b u t i o n was not found. I n t h i s study, the amount of 
cargo a l l o c a t e d t o a ship i s determined based on several 
f a c t o r s , t h a t i s : average ship's cargo, economically minimum 
cargo, p o s s i b l e maximum cargo, and ship's length. Such 
a l l o c a t i o n d i s t r i b u t i o n s are the r e f o r e dependent t o the 
ship's l e n g t h (see Annex B2). Furthermore, the cargo 
a l l o c a t i o n d i s t r i b u t i o n s of S h u t t l e and Rubber barge are 
assumed t o be independent t o t h e i r l ength and t o f o l l o w an 
uniform d i s t r i b u t i o n . 

(V) Cargo Handling Inf o r m a t i o n 

Cargo handling rates were determined i n Annex B3. These 
rates are given according t o the type of ship and the 
packaging form of cargo ( i n tons per crane hour). 

Based on the past data, the average ship's crane 
employed f o r cargo handling operation of Samudra, Nusantara, 
Lokal and Nusantara have been also determined. An average of 
two ship's cranes i s employed by Samudra and Nusantara. 
Whereas an average of one ship's crane i s used f o r Lokal 
and an average of three ship's cranes i s used f o r Khusus. 
Mobile quay cranes are mainly needed f o r a s s i s t i n g the 
smaller ships i n cargo handling i n case of ship's crane 
breakdowns. And these quay cranes are also used f o r heavy 
u n i t load handling. Because of no data regarding the 
u t i l i z a t i o n of these cranes, i n the s i m u l a t i o n , t h e r e f o r e the 
cargo handling i s c a r r i e d out by ship's crane f o r 4 ( f o u r ) 
types of ship mentioned above. This co n s i d e r a t i o n applies 
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also t o the s h u t t l e ships, t o which an average of two ship's 
cranes i s assumed [ 7 ] . However, because th e r e i s no crane 
aboard, one mobile quay crane i s necessary f o r cargo handling 
operation of rubber barge. 

(VI) Routing and s t o r i n g of cargo 

The i n f o r m a t i o n regarding the r o u t i n g of cargo t o the 
shed of yard and the residence ( d w e l l ) t i m e i n those storage 
f a c i l i t i e s have been i n v e s t i g a t e d i n Annex B2. The cargoes 
are d i s t i n g u i s h e d i n t o three c a t e g o r i e s : container (of 
i n t e r n a t i o n a l cargo), non-container of i n t e r n a t i o n a l cargo 
and non-container of domestic cargo. 

(V) Ship's Cost 

With regard t o ship's cost i n p o r t , the equation of 
ship's cost per hour i n po r t as a f u n c t i o n of ship's length 
(LOA) has been deri v e d based on the co n s u l t a n t a n a l y s i s (see 
Annex C3). 

3.3.6 Simulation Time 

Since the model i s an i n p u t - output t r a n s f o r m a t i o n , and 
since some of the i n p u t are random v a r i a b l e s , t h e r e f o r e i n 
general, the output are random v a r i a b l e s as w e l l . I n other 
words the model v a r i a b l e s are mostly s t o c h a s t i c or 
p r o b a b i l i s t i c i n nature [ 1 ] . Moreover, according t o t h i s 
nature, and the outputs t o be c o l l e c t e d , the MPTSIM 
si m u l a t i o n can be considered as a steady-state s i m u l a t i o n , 
whose o b j e c t i v e i s t o study long-run, or steady s t a t e 
behaviour of a non t e r m i n a t i n g system. A non-terminating 
system i s a system t h a t runs continuously, or a t l e a s t over a 
very long p e r i o d of time [ 1 ] . 

However, s t a t i s t i c a l sampling procedure assume t h a t 
experimental output data are i n the form of a c o l l e c t i o n of 
d i s t i n c t and s t a t i s t i c a l l y independent random observation 
[ 9 ] . To meet t h i s requirement, there are three methods of 
si m u l a t i o n run: 
(1) Regenerative Method. 

Simulation run can be d i v i d e d i n t o a s e r i e s of cycles. 
The behaviour of the system d u r i n g d i f f e r e n t cycles are 
both s t a t i s t i c a l l y independent and i d e n t i c a l l y 
d i s t r i b u t e d . The cycle begins a t the regeneration p o i n t , 
i . e . a t the p o i n t where the system again enter a c e r t a i n 
special s t a t e from which the s i m u l a t i o n can proceed 
without any knowledge of i t s past h i s t o r y . I n MPTSIM 
model, t h i s p o i n t of time i s the time when there i s no 
ship i n the system. The cycle ends when the system again 
reaches the regeneration p o i n t (when the next cycle 
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begins). Thus the l e n g t h of a cycle i s j u s t the elapsed 
time between consecutive occurences of the regeneration 
p o i n t s . This i s i l l u s t r a t e d i n f i g u r e below: 

/. 

number of 
ships i n 
system j 

1 cycle R cycle 

I n order t o f i n d out the le n g t h of a c y c l e , a s e r i e s of runs 
performed gives the f o l l o w i n g r e s u l t : (see figure3.3 a) 

Year Simulation 
Time (years! 

Number of Average le n g t h of 
c y c l e of one c y l e (years) 

1986 
1990 
2005 

2 
5 
5 

0.4 
0 . 6 
> 5 

I t turned out t h a t the average cycle period i s too long, thus 
i s not a p p l i c a b l e . 

(2) Repeated Runs Method. 
Execution of a s e r i e s of completely separate and 
independent s i m u l a t i o n runs of equal l e n g t h but d i f f e r e n t 
seed of random number. D i f f e r e n t w i t h Regenerative method 
above, the s i m u l a t i o n time c o n s i s t s of two phases: 

( I ) i n i t i a l i z a t i o n phase, from time o, under i n i t i a l 
c o n d i t i o n , t o time To. The determination of To i s 
important, because a t t h i s time, the system s t a t e 
should be more r e p r e s e n t a t i v e of steady behaviour than 
the o r i g i n a l i n i t i a l c o n d i t i o n . 

( I I ) data c o l l e c t i o n phase, from time To t o the stopping 
time To + TE, thus represents a s p e c i f i e d period of 
time of TE. The le n g t h of TE should be long enough t o 
guarantee s u f f i c i e n t l y precise estimates of steady-
s t a t e behaviour. 

This method i s i l l u s t r a t e d below: 

To TE 1 

To TE 
— t 

2 

To TE 3 



f i g u r e 3.3.a Cycle l e n g t h of 1986 
1990 1995 and 2005 s i t u a t i o n . 
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Although, t h i s method gives a completely independent 
observation, the main disadvantage of t h i s method i s t h a t 
each run r e q u i r e s an i n i t i a l i s z a t i o n p e r i o d , so much of the 
s i m u l a t i o n time may be unproductive. Thus, t h i s method w i l l 
not be employed. 

One continuous run Method. 
One s i m u l a t i o n run d i v i d e d i n t o a number of consecutive 
subruns, using the ending c o n d i t i o n on one run as the 
steady-state s t a r t i n g c o n d i t i o n f o r the next run. Like 
the second method above, the i n i t i a l i z a t i o n period i s 
needed before a series of observations i s recorded. This 
method i s i l l u s t r a t e d below: 

R (number of r e p l i c a t i o n s ) 

This disadvantage of t h i s method i s t h a t i t does not 
e l i m i n a t e the c o r r e l a t i o n between observations e n t i r e l y . 
However, i t can be reducely considerably by making the 
subrun s u f f i c i e n t l y long, so t h a t the r e l a t i o n between 
subruns can be s t a t i s t i c a l l y independent. 

F i n a l l y , the s i m u l a t i o n time using the t h i r d method above i s 
c a l c u l a t e d as f o l l o w s : 

TE 

To 

Determination of To 

The runs t o determine To are o p t i o n a l , the user could 
always s p e c i f y long period of To t o ensure steady s t a t e 
r e s u l t s , f o r example 18 months [ 3 ] . However, the very long To 
would imply a waste of computing time i n a l l experimentation 
runs. The c r i t e r i o n used f o r de t e r m i n a t i o n To, i n p r i n c i p l e , 
i s t h a t a t the time To, the s t a t e of system should be i n 
s i t u a t i o n which e x i s t s i n r e a l i t y . I n t h i s study, the s t a t e 
of system regarding monthly number of ship a r r i v a l , monthly 
t o t a l ship's w a i t i n g t i m e , b e r t h occupancy r a t i o (BOR) based 
on monthly data, and the d a i l y amount of domestic cargo i n 
shed; haven been c o l l e c t e d d u r i n g a set of s p e c i a l runs (1986 
s i t u a t i o n ) , summarized i n t a b l e 3.1 and p l o t t e d i n f i g u r e 
3.3. 
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main public terminal mam public terminal 
T o d e t e r m i n a t i o n T o d e t e r m i n a t i o n 

simulation time (months) simulation time (months) 

3944 78BB 11832 15776 

25 MONTHS 

19720 HOURS 

f i g u r e 3.3 To Determination. 
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Table 3.1. State of 1986 MPT system f o r To d e t e r m i n a t i o n . 

Month 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Monthly number Monthly Total 
of ship a r r i - ship's wai-
v a l 

0 
58 
80 
76 
79 
77 
64 
84 

t i n g time hrs 

0 
0 

30.36 
40.26 

0 
114.38 
118.80 
302.26 

0 

100.38 

BOR 

0 
26 .18 
49 .53 
51 .49 
43 .69 
42.66 
54 .19 
60 .14 
42 . 90 
41 .41 
48 . 15 
36 .93 

Remark 

the data 
regarding 
the d a i l y 
amount of 
domestic 
cargo i n 

From the f i g u r e 3.3 i t can be seen t h a t the u t i l i z a t i o n phase 
of 3 months i s s u f f i c i e n t f o r MPTSIM model t o meet the 
c r i t e r i o n mentioned e a r l i e r . 

Determination of TE 

The length of time TE should be determined w i t h the 
f o l l o w i n g c o n s i d e r a t i o n s : confidence l e v e l (say 90%), a 
s p e c i f i e d accuracy (say 5%), and budget/time c o n s t r a i n t s on 
computer resources. I n the r e p l i c a t i v e s i m u l a t i o n , TE i s 
equal w i t h the number of r e p l i c a t i o n (RJ m u l t i p l i e d by the 
r e p l i c a t i o n / s u b r u n p e r i o d ( t R ) . 
I n a steady-state s i m u l a t i o n , the s p e c i f i e d accuracy may be 
achieved e i t h e r by i n c r e a s i n g R or by increasing tR. 
Because the shorter tR the more s i g n i f i c a n t c o r e l a t i o n 
between r e s u l t s of subruns, thus tR should be taken long 
enough so as t o the r e s u l t s of subruns are s t a t i s t i c a l l y 
undependent. The method and formula used f o r R d e t e r m i n a t i o n 
and tR i n v e s t i g a t i o n are o u t l i n e d below: 

For sample series ( i n t h i s study: BOR) Y l , Y2 Yn 

The number of r e p l i c a t i o n R i s 
s a t i s f y i n g the i n e q u a l i t y [ 1 ] : 

2 
R ^ - ^ -

the smallest unteger 

where; 
a * Y 
- the sample variance 3 - ^ n-i 
- Z = 1.645 f o r confidence l e v e l of 
- accuracy a = 5 % 
- Y = average of sample data 

90% 
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b. The r e p l i c a t i o n periode (tR) has t o f u l f i l l the c o n d i t i o n 
t h a t the series of Y l , Y2, Yn i s s t a t i s t i c a l l y 
independent. This question w i l l be i n v e s t i g a t e d using the 
Mean Square Successive D i f f e r e n c e (S2) Method: 

The sample variance i s defined 
Thus the von Neumaan r a t i o : 

i f K < k 
K > k l 
k < K < k l 

S -

K ^ 

p o s i t i v e c o r r e l a t i o n 
negative c o r r e l a t i o n 
no c o r r e l a t i o n 

the value k and k l are found from t a b l e 
s i g n i f i c a n c e l e v e l of 5% or P = 0.05. 

3.2 below. Take 

5% and 1% Significance Points for the Ratio of the Mean Square 
Successive Difference to the Variance 

Valuii of —^for Difftrent Ltvils of Signijuanci 

Valuiiofk Valiusofk' Valuttofk Valuis ofk' 

M P = .01 P = .05 P = .95 P = .99 n P = .01 ƒ» = .05 P = .95 P = .99 
4 .8341 1.0406 4.2927 4.4992 31 1.2469 1.4746 2.6587 2.8864 
5 .6724 1.0255 3.9745 4.3276 32 1.2570 1.4817 2.6473 2.8720 
6 .6738" 1.0682 3.7318 4.1262 33 1.2667 1.4885 2.6365 2.8583 
7 .7163 1.0919 3.5748 3.9504 34 1.2761 1.4951 2.6262 2.8451 
8 .7575 1.1228 3.4486 3.8139 35 1.2852 1.5014 2.̂ 163 2.8324 
9 .7974 1.1524 3.3476 3.7025 

10 .8353 1.1803 3.2642 3.6091 36 1.2940 1.5075 2.6066 2.8202 
37 1.3025 1.5135 2.5977 2.8085 

11 .8706 1.2062 3.1938 3.5294 38 1.3108 1.5193 2.5889 2.7973 
12 .9033 1.2301 3.1335 3.4603 39 1.3188 1.5249 2.5804 2.7865 
13 .9336 1.2521 3.0812 3.3996 40 1.3266 «1.5304 2.5722 2.7760 
14 .9618 1.2725 3.0352 3.3458 
15 .9880 1.2914 2.9943 3.2977 41 1.3342 1.5357 2.5643 2.7658 

42 1.3415 1.5408 2.5567 2.7560 
16 1.0124 1.3090 2.9577 3.2543 43 1.3486 1.5458 2.5494 2.7466 
17 1.0352 1.3253 2.9247 3.2148 44 1.3554 1.5506 2.5424 2.7376 
18 1.0566 1.3405 2.8948 3.1787 45 1.3620 1.5552 2.5357 2.7289 
19 1.0766 1.3547 2.8675 3.1456 
20 1.0954 1.3680 2.8425 3.1151 46 1.3684 1.5596 2.5293 2.7205 

47 1.3745 1.5638 2.5232 2.7125 
21 1.1I3I 1.3805 2.8195 3.0869 48 1.3802 1.5678 2.5173 2.7049 
22 1.1298 1.3923 2.7982 3.0607 49 1.3856 1.5716 2.5117 2.6977 
23 1.1456 1.4035 2.7784 3.0362 50 1.3907 1.5752 2.5064 2.6908 
24 1.1606 1.4141 2.7599 3.0133 
25 1.1748 1.4241 2.7426 2.9919 51 1.3957 1.5787 2.5013 2.6842 

52 1.4007 1.5822 2.4963 2.6777 
26 1.1883 1.4336 2.7264 2.9718 53 1.4057 1.5856 2.4914 2.6712 
27 1.2012 1.4426 2.7112 2.9528 54 1.4107 1.5890 2.4866 2.6648 
28 1.2135 1.4512 2.6969 2.9348 55 1.4156 1.5923 2.4819 2.6585 
29 1.2252 1.4594 2.6834 2.9177 
30 1.2363 1.4672 2.6707 2.9016 56 1.4203 1.5955 2.4773 2.6524 

57 1.4249 1.5987 2.4728 2.6465 
58 1.4294 1.6019 2.4684 2.6407 
59 1.4339 1.6051 2.4640 2.6350 
60 1.4384 1.6082 2.4596 2.6294 

SOURCE: Reproduced by penDiuion o( the editors, rrom B, I, Hirt, "Signifiouice leveli 
for the ratio ofthe mean «qua re successive difference to the variance," Annals of Mathematical 
SutisUcs, IS, No. 4, 1942, pp. 445-H7. 
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For the purpose of TE determinations a set of special runs 
have been c a r r i e d out. The analysis of the outputs (regarding 
BOR, see t a b l e 3.3 and f i g u r e 3.4) j u s t as f o l l o w s : 

Table 3.3 BOR f o r TE determination. 

Yi 12 6 3 2 
=BOR) 

1 45.53 46 . 89 49 .89 51.50 
2 39 .90 44.17 48 . 39 44 . 50 
3 45 . 50 37.43 45 .40 41.50 
4 43.98 42.36 47.53 60 . 00 
5 47.32 49 . 00 40 .81 38 . 00 
6 40.00 42 . 01 33 .80 40.00 
7 49.50 43.75 41 .06 35 . 00 
8 41.70 44.20 42.92 37 . 00 
9 43.18 44.02 41.81 41.50 

10 47.18 50.62 49.66 35 . 50 
11 44 . 32 44 . 50 
12 39 .31 41 . 00 
13 44.69 50.00 
14 40.77 40 . 50 
15 46.73 58 . 50 
16 43.18 40.00 
17 45.21 30 . 00 
18 49.81 53 . 50 
19 38.22 29 . 50 
20 56.34 52.50 
21 46 . 00 
22 44 . 00 
23 44.00 
24 43 . 00 
25 43.50 
26 54.00 
27 37 . 50 
28 56 . 00 
29 47.50 
30 48 .00 

The example of d e t a i l e d c a l c u l a t i o n i s shown only f o r tR 
12 months. 

a. R determination 
t r i a l 1 Rl = 10 ( a l l ) Y = 44,38 

S = 3.22 

t r i a l 2 R2 = 6 Y = 43.70 
S = 3.10 

Take R = 6 



main publ ic te rm ina l 
bor when t R = 1 year 

m a m oubl ie te rm ina l 
bor wnen t R = 6 months 
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. •\ A . •\ A 

-,1 1 1 1— 1 \ 1 1 1 1 1 
1 2 3 4 5 6 7 8 9 10 

replication ^R) 

bor when tR=3 months 

X / -

o l 1 I I I I -1 1 I I I L. 

1 a 3 4 5 6 7 a 9 10 U 12 1 3 14 15 16 17 18 1 9 zo 

replication (R) 

bor when t R = 2 months 

T I T 

Y 

o l — 1 - -1—1 1 i i_ 1 2 3 4 5 6 7 8 9 10 11 12 1 3 14 1 5 1 6 17 18 1 9 2 0 

replication (R) 

bor when t R = 1 month 

/ 

QI I l l l l l l l l l 
1 2 3 4 5 6 7 8 9 101112131416161718192Cei22Z2E42Ee€e72E2a30 

replication (R) 

1 1 
V /WW 

I ' I ' I I I I I I I I I ' 
1 2 3 4 5 6 7 8 9 10111213141516171B192Cei2223242Eeffi72a2930 

replication (R) 

f i g u r e 3.4 

BOR f o r tR determination, 



58 

b. Independency i n v e s t i g a t i o n 
f o r Y l , Y2 Y6: 

c,2 = 26.04 
K = — = 3.26 

S = 7.98 S 

From t a b l e 3.2 ( w i t h P = 0.05): 
k = 1.0682 
k l = 3.7318 
Thus k < K < k l no c o r r e l a t i o n or independent. 

F i n a l l y , the R determination and independency i n v e s t i g a t i o n 
f o r a l l a l t e r n a t i v e of tR i s sumarized below: 

Table 3.4. Summary of TE c a l c u l a t i o n . 

TE 
years 

c o r r e l a t i o n 
No tR 

months 
R TE 

years s2 S2 K k k l 
+ pos. 
- neg. 
o no 

1 12 6 6 26 .04 7 . 98 3.26 1 .07 3.72 0 
2 6 8 4 24 .76 10 . 34 2 . 39 1.12 3 . 45 0 
3 3 13 3 1/4 25.97 19.34 1 .34 1.25 3 .08 0 

, 4 2 34 5 2/3 156 .70 58. 31 2.69 1. 47 2.67 -

The r e l a t i o n s h i p between tR and TE i s p l o t t e d i n the f i g u r e 3.5. 

Thus, the sho r t e s t TE = 3 1/4 year, achieved by 13 
r e p l i c a t i o n s of 3 months. 

However, from the experience, the 3 1/4 year s i m u l a t i o n would 
take more than 2.5 hours computing time. For the sake of 
p r a c t i c e , t h e r e f o r e TE w i l l be taken 2 years (8 r e p l i c a t i o n s 
of 3 months). 
F i n a l l y , the s i m u l a t i o n time c o n s i s t s of To = 3 months, and 
TE = 2 years. 

Note: 

For R = 8 and t r = 3 months, and convidence l e v e l of 90%; the 
accuracy l e v e l can be c a l c u l a t e d as f o l l o w s : 

TE versus tR 
See t a b l e of BOR ( t r = 3 months) 

BOR = 4 3.72 
S = 5.23 

a > 7 % 

Thus the accuracy l e v e l i s 7% 

,TE_!^earsL 

02 03 CM 03 oe 07 oa 09 to n 12 

U=l ( m o n t h s ) 

^'igire 3.5 
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3.3.5 V a l i d a t i o n 

The v a l i d a t i o n approach employed i n t h i s study i s a 
comparison between data generated by model and the 
corresponding data obtained from the r e a l system. The 1986 
data concerning the b e r t h i n g time and b e r t h u t i l i z a t i o n of 
each ship's type have been c o l l e c t e d . A c t u a l l y the other data 
concerning ship's w a i t i n g time ( f o r b e r t h i n g ) are u s e f u l , but 
u n f o r t u n a t e l y no separate record of t h i s w a i t i n g time was 
found. The a v a i l a b l e data found i n the STP-3 sheet are 
summarized below: 

Average 
Ship's type Berthing BOR 

time 
(hrs) (%) 

Samudra 4 7.7 9.7 8 
Nusantara 48.3 9.58 
Lokal 77.9 14.22 
Khusus 90.6 8.52 
T o t a l 42.10 

A s p e c i a l run (R = 8, tR = 3 months) has been executed 
so as t o produce outputs of b e r t h i n g time and b e r t h 
u t i l i z a t i o n f o r each ship's type. The comparison of model 
generated data and a c t u a l data i s summarized i n t a b l e 3.5. 
This t a b l e shows t h a t the a c t u a l data reside w i t h i n the 
i n t e r v a l of 95% confidence l e v e l of model generated data. 

3.3.6 Experimentation 

The experimentation runs are arranged based upon the 
p o r t development s t r a t e g y mentioned i n the chapter I . Because 
the Inpres 4/85 i s e s s e n t i a l l y a r a d i c a l measures i n the 
i n s t i t u t i o n a l improvement, any f u r t h e r possible such 
improvement w i l l not be a n t i c i p a t e d i n the f u t u r e . Therefore, 
the a l t e r n a t i v e s t a r t s from the operation improvement, i n 
t h i s case the working time. I n order t o show the impact of 
t h i s measures, the experimentation runs w i l l be s t a r t e d from 
the a c t u al s i t u a t i o n (1986). I f l a t e r , the operation 
improvement cannot solve the problem, the m o d i f i c a t i o n , or 
even expansion or c o n s t r u c t i o n new f a c i l i t i e s w i l l be 
considered. 
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There are two aspects i n the working improvement which 
w i l l be considered: 

1. Working time. 
This i n d i c a t e s the a v a i l a b l e working hour per day. The 
present cargo handling operation takes place during more 
or less 9 d a y - l i g h t hours per day. The implementation of 
m u l t i s h i f t working system i s meant t o prolong working 
time, t o 16 hours and 24 hours per day i n the t w o - s h i f t 
working system and i n the t h r e e - s h i f t working system 
r e s p e c t i v e l y . 

2. P r o d u c t i v i t y l e v e l . 
The cargo handling r a t e of non-shuttle ships derived by 
consultant (see Annex B3) based on 1982 data, 
- covers stops or i n t e r r u p t i o n s d u r i n g o p e r a t i o n , since 

these r a t e s are found from the amount of cargo handled 
during hours e f f e c t i v e l y used f o r loading/discharging of 
cargo. Thus these r a t e are considered r e a l i s t i c . 

- do conform w i t h data known from other ports working 
under s i m i l a r c o n d i t i o n [ 7 ] . 

- i s not expected t h a t they can be s i g n i f i c a n t l y increased 
because the cargo handling i s mainly c a r r i e d out under 
d i r e c t c o n t r a c t (borongar) [ 7 ] . 

The cargo handling f o r s h u t t l e - s h i p s estimated by consultant 
covers also 10% of time f o r s h i f t i n g spreader t o next hatch 
(container o p e r ation) of 10% of time f o r i n t e r u p t i o n during 
operation. 
Furthermore, the r a i n e f f e c t t o the cargo handling operation 
can be considered n e g l i g i b l e . Despite the f a c t t h a t Palembang 
has about 2800 mm of r a i n per year, cargo handling operation 
are s u r p r i s i n g l y l i t t l e e f f e c t a f f e c t e d by r a i n . Most of the 
r a i n occurs i n the evening i n very hard but short rainstorms. 
The Operations D i v i s i o n s estimates t h a t the time l o s t due t o 
weather i s i n the order of 5%. However, a s h o r t rainstorm on 
hot sun day, which may slow down the p o r t o p e r a t i o n , w i l l 
g e nerally cool the atmosphere somewhat and the time l o s t due 
to the r a i n may be regained i n added p r o d u c t i v i t y f o l l o w i n g 
the c o o l ing shower [ 7 ] . 

Another l o s t days each year i s about 15 days (4% of time) f o r 
unavailable b e r t h maintanance. I f long queue of ships are t o 
be avoided, the b e r t h should only be occupied not more than 
ca. 75% of a v a i l a b l e time a year. Thus, i t becomes f l e x i b l e 
to organize the b e r t h maintanance be c a r r i e d out when the 
berth i s not occupied. I t i s assumed t h a t another l o s t day 
each year i n p u b l i c holidays (say 10 days, 2,5% of time) i s 
not taken i n t o c o n s i d e r a t i o n . 

However, the i n t r o d u c t i o n of m u l t i - s h i f t working system 
means t h a t p a r t of cargo handling o p e r a t i o n w i l l be performed 
during n i g h t hours. I t well-known f a c t t h a t i n general cargo 
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t e r m i n a l , handling cargo mainly by hand (thus applies f o r 
non-shuttle s h i p s ) , i t i s not possible t o maintain the same 
cargo handling r a t e at n i g h t as d u r i n g day time. The 
f o l l o w i n g l e v e l s of e f f e c t i v e production ( i n comparison w i t h 
p r o d u c t i v i t y d u r i n g day l i g h t o p e r a t i o n ) , have been 
considered as r e a l i s t i c and obtainable i n p r a c t i c e [ 7 ] : 

- during 12 n i g h t - t i m e hours: 
from 18:00 t o 06.00 - 50% e f f e c t i v e production 

- during 12 d a y l i g h t hours: 
from 06:00 t o 08:00 - 75% e f f e c t i v e p r o d u c t i o n 
from 08:00 to 18:00 - 100% e f f e c t i v e p r o d u c t i o n . 

For s h u t t l e ships, w i t h assumption t h a t the cargo handling 
operation i s almost e n t i r e l y c a r r i e d out mechanically by 
r a t h e r h i g h l y t r a i n e d and s k i l l e d operator, the e f f e c t i v e 
production of 100% i s expected t o be maintained during n i g h t 
hours as w e l l . 

In present cargo handling o p e r a t i o n , however, only p a r t 
of the a v a i l a b l e hours (9 hour) per day i s e f f e c t i v e l y used 
f o r loading and discharging operation (see Annex B3) ranges 
from 34 t o 64%. I t i s expected t h a t the i n t r o d u c t i o n of 
p r e a r r i v a l planning, work s c h e d u l l i n g and performance review, 
together w i t h the synchronization of d i f f e r e n t working time 
of a l l p a r t i e s i n v o l v e d i n cargo handling operation w i l l 
increase the e f f e c t i v e hours f o r loading/discharging 
operation. For present working time of 9 hours, i t i s 
estimated t h a t 90% ( o p t i m i s t i c ) or 70% ( p e s s i m i s t i c ) w i l l be 
achieved f o r n o n - s h u t t l e ships (100% f o r s h u t t l e s h i p s ) . For 
m u l t i s h i f t system, i t i s assumed t h a t a l l a v a i l a b l e hours can 
be used f o r cargo handling operation. 

In connection w i t h the e f f e c t i v e p r o d u c t i o n r e l a t e d to 
d a y l i g h t operation and the percentage of e f f e c t i v e hours used 
f o r cargohandling o p e r a t i o n , the term of p r o d u c t i v i t y l e v e l 
i s introduced here. The p r o d u c t i v i t y l e v e l i n d i c a t e s the 
r a t i o of e q u i v a l e n t e f f e c t i v e hours t o the working time. One 
equivalent e f f e c t i v e hour i s one e f f e c t i v e hour w i t h cargo 
handling r a t e of d a y l i g h t o p e r a t i o n . 

A l t e r n a t i v e s of working s i t u a t i o n 

(1) A l t e r n a t i v e I 

Present working time of 9 hours/day w i t h present p r o d u c t i v i t y 
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Table 3.5". Comparison Model Generated Data w i t h actual data 

Average 
Berthing Time 

(hrs ) 

Berth U t i l i z a t i o n 
BOR 
(%) 

Samudra 
. Actual (47.70) 
. Model-Average 40.49 

-Deviation 4.90 

(9.78) 
11.08 
3.43 

Nusantara 
. Actual (48.30) 
. Model-Average 4 2.26 

-Deviation 3.50 

(9.58 
9.84 
2 .65 

Lokal 
. Actual (77.90 
. Model-Average 7 3.48 

-Deviation 2.59 

(14.22) 
14.08 
2.24 

Khusus 
. Actual (90.60 
. Model-Average 7 2.97 

-Deviation 11.60 

(8.52) 
8.81 
2.80 

Tot a l 
. Actual 
. Model-Average 

-Deviation 

(42.10) 
43.82 
5.95 
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l e v e l of 35 - 70% are a p p l i e d f o r non-shuttle ships (see 
Annex B3). 
Whereas f o r s h u t t l e s h i p s , t w o - s h i f t working time of 16 
hours/day i s considered s u i t a b l e . With assumption t h a t the 
cargo handling i s almost e n t i r e l y c a r r i e d out mechanically by 
ra t h e r h i g h l y t r a i n e d and s k i l l operator, the p r o d u c t i v i t y 
l e v e l can be expected 100% du r i n g the operation time. 

(2) A l t e r n a t i v e I I 

- For non-shuttle ships: 
The cargo handling takes place o n l y during the present 
working time of 9 hours/day. With assumption t h a t the 
synchronization measure of the working time together w i t h 
the implementation of ope r a t i o n planning (see Chapter I ) , 
w i l l increase the p r o d u c t i v i t y l e v e l t o 70% ( p e s s i m i s t i c 
estimate) of 90% ( o p t i m i s t i c e s t i m a t e ) . 

- For s h u t t l e - s h i p s : s i m i l a r t o the A l t e r n a t i v e I . 

(3) A l t e r n a t i v e I I I 

- For non-shuttle ships. 
The i n t r o d u c t i o n of t w o - s h i f t working system of 16 
hours/day, which consists o f : 
S h i f t I : 08.00 - 16:00 
S h i f t I I : 16:00 - 24:00 

With assumption t h a t the p r o d u c t i v i t y l e v e l of cargo 
handling during 12 n i g h t - t i m e hours (from 18:00 t o 
06:00), during 2 d a y - l i g h t hours (from 06:00 t o 08:00) 
and during other day- l i g h t hours (from 08:00 t o 18:00) 
are about 50%, 75% and 100% r e s p e c t i v e l y ; the 
p r o d u c t i v i t y l e v e l f o r two- s h i f t working system of 
non- s h u t t l e ship i s approximately 80%. 

- For s h u t t l e ships: 
The i n t r o d u c t i o n of t h r e e - s h i f t working system of 24 
hours/day. The p r o d u c t i v i t y l e v e l of 100% i s assumed t o be 
maintained during the whole op e r a t i o n time. 

(4) A l t e r n a t i v e IV: 

The i n t r o d u c t i o n of t h r e e - s h i f t working system of 24 
hours/day f o r a l l ships, which c o n s i s t of 
S h i f t I : 08:00 - 16:00 
S h i f t I I : 16:00 - 24:00 
S h i f t I I I : 24:00 - 08:00 

Using s i m i l a r assumption of the cargo handling e f f e c t i v e n e s s 
above, the p r o d u c t i v i t y l e v e l f o r non - s h u t t l e ships i s about 
75%. Whereas, the p r o d u c t i v i t y l e v e l of 100% i s ap p l i e d f o r 
s h u t t l e ships. 
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In Summary: 
A l t e r n a t i v e working S i t u a t i o n 

I H p Ho I I I IV 
Non-shuttle ship 
Working time (hrs) 9 9 9 16 24 
p r o d u c t i v i t y l e v e l (%) 35 70 70 90 80 75 
Shuttle ship 
working time (hrs) 16 16 16 24 24 
p r o d u c t i v i t y l e v e l (%) 100 100 100 100 100 

Arrangement of Experimentation Runs 

The experimentation runs are arranged as f o l l o w s : 
1. A l t e r n a t i v e I , H o and I I I w i l l be run f o r 1986 s i t u a t i o n 

i n order t o get a p i c t u r e of the impact of the working 
improvement. 

2. A set of experimentation runs i s made f o r f u t u r e 
s i t u a t i o n i n connection w i t h the b e r t h i n g capacity. 
The number of quay crane should be s u f f i c i e n t i n order t o 
avoid e f f e c t of t h i s crane t o the b e r t h i n g capacity. The 
runs w i l l i n v o l v e the f i v e a l t e r n a t i v e s of working 
s i t u a t i o n above, and other a l t e r n a t i v e s w i t h regard t o 
the quay extension i f necessary. 

3. With regard t o the quay crane requirement c a l c u l a t i o n , 
another set of e x p e r i m e n t a t t i o n runs w i l l be made only 
f o r those s i t u a t i o n s i n 1990, 1995 and 2005, which give 
s o l u t i o n concerning the b e r t h i n g capacity on p o i n t 2 
above. 

4. F i n a l l y , i t may be necessary t o set up a set of 
experimentation runs i n connection w i t h the p o r t 
development p r o j e c t which a f f e c t d i r e c t l y t o the p o r t 
capacity. This w i l l be taken i n t o c o n s i d e r a t i o n i n the 
Chapter IV. 

Result of the Experimentation Runs 

1) The Impact of working Improvement 
The impact of working improvement w i l l be shown by the 
p o r t o p e r a t i o n a l cost composion which i n c l u d e ship cost 
and cargo handling cost, f o r the 1986 s i t u a t i o n w i t h 
a l t e r n a t i v e of I , I I and I I I . The component of ship cost 
i n p o r t i s onze of the outputs of s i m u l a t i o n run, whereas 
the cargo handling cost w i l l be c a l c u l a t e d based on the 
f o l l o w i n g assumptions: 
a) The cost of stevedoring, cargodoring, r e c e i v i n g and 

d e l i v e r y of cargo are determined based on the 
Attachment I I I of the Decree of the M i n i s t e r of 
Communications. Number: KM 90/Pr. 302/Phb-85 dated 
A p r i l 11, 1985 on Guidance f o r the C a l c u l a t i o n of the 
Cargo Handling T a r i f f i n Harbour. 
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t a b l e 3.6 
T a r i f f of Cargo Handling per ton/n)3 

( i n Rp.) 

O r d i n a r y days (He nday - S a t u r d a y Sundays / P u b i i c H o l i d a y s 
S h i f t I . S h i f t 11/111 . S h i f t I . S h i f t . I I / I I I . 
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a 
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1 ! 2 3 < 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 G e n e r a l c a r 

2 

go 

Dry Bulk c a r 

619 1,006 515 2,140 739 1 ,238 632 26009 906 1,564 7 95 3,265 1 ,097 1937 908 4.018 

3 

go U n bag) 

L i q u i d Bulk 

413 670 1472 492 826 421 1739 604 1,043 530 2, 177 731 1291 654 2.676 

cargo ( i n 

drum) 

437 710 364 1511 521 874 446 1841 640 1 , 104 561 2,305 774 1367 693 2.834 

E s t i m a t e ; 19B6i 1 US 5 - Rp. 1000,-

c a r g o h a n d l i n g c o s t US J / t o n : 

s t e v e d o r i n g c a r g o d o r i n g r e c e i v i n g / 

d e l i v e r y 

A l t I and I I 0,68 1. 12 0.57 

I I I 0.74 1.25 0.64 

IV 0.77 1.31 0.66 

b) The t r a n s p o r t a t i o n cost (by t r u c k ) i n 1983 between MPT 
area and shipper/consigner l o c a t i o n w i t h i n the c i t y of 
Palembang, the maximum charge has been set a t Rp. 
1200,- per ton [ 7 ] . 
Estimate: d u r i n g d a y l i g h t : US $ 1.2 per t o n 

during n i g h t t i m e : US $ 1.8 per t o n 
So, A l t I , I I : US $ 1.2 per ton 

I I I : US $ 1.4 per ton 
IV: US $ 1.6 per t o n 

c) The implementation of t w o - s h i f t working system or 
more, during which p a r t of operation take place a t 
n i g h t - t i m e hour, necessitates the f o l l o w i n g a d d i t i o n a l 
cost: 
- f o r strengthening the s e c u r i t y on the r i v e r , i n the 

p o r t , on the road and i n the areas godowns i n the 
c i t y . 

- f o r t r a n s p o r t a t i o n cost of p o r t labour, because 
there i s no p u b l i c t r a n s p o r t a t i o n a t n i g h t from 
t h e i r r e l a t i v e l y f a r residence and p o r t area. 

In t h i s study, only rough estimate of these a d d i t i o n a l cost 
are made: 

annual cost (US $ 1000) o f : A l t I I I a l t IV 
- s e c u r i t y : 100 200 
- p u b l i c t r a n s p o r t a t i o n 

f o r labour: 60 60 

Based on the above assumptions, the t a b l e 3.7 and f i g u r e 
3.6 show the o p e r a t i o n a l cost comparison f o r the 1986 
s i t u a t i o n , a l t e r n a t i v e I , H o and I I I ( i n 1000 US $ ) : 
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Table 3.7. Operation Cost Comparison of 1986 s i t u a t i o n for I , 
I I o and I I I a l t e r n a t i v e s . 

A l t I 

Cost Component 

1. Ship 
- Samudra 1648 
- Nusantara 976 
- Lokal 664 
- Khusus 1152 
Subtotal 4440 

.. Cargo 
- stevedoring 208 

(of 306.000 tons) 
- cargo doring 112 

(of 100.000 tons) 
- r e c e i v i n g / d e l i v e r y 57 

(of 100.000 tons) 
- t r u c k i n g w i t h i n Palembang 367 

Cit y (of 306,000 tons) 

Subtotal 744 

3. Others 
- s e c u r i t y 
- p u b l i c t r a n s p o r t a t i o n for 

labour 

Subtotal 0 

Total 5184 

A l t I I o 

1232 
725 
374 
568 

2899 

208 

112 

57 

367 

744 

0 

3643 

A l t I I I 

897 
545 
275 
406 

2123 

226 

125 

64 

428 

843 

100 

60 

160 

3126 

f i g u r e 3.6 

main oubl ie Terminal 
1 9 8 6 operat ion cos t 

\ 

--0 

s h i D C O S t 

handlingcost 

other cost 

total cost 

alternatives of vv'orkina siiuation 

2) Future S i t u a t i o n (1990, 1995 and 2005) 

The outputs of the experimentation runs f o r f u t u r e 
s i t u a t i o n i n 1990, 1995 and 2005 w i t h various a l t e r n a t i v e s of 
working time, quay crane, e t c . are summarized i n the Annex D. 
However, i t i s useful t o present here various graphs shown i n 
f i g u r e 3.7. 
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mam public termmal 
1990 waiting-time o f ships 
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main public terminal 
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f i g u r e 3.8 The 1994 Port Operation I n d i c a t o r s 
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3) Conclusions 

1. The op e r a t i o n improvement measure ( i n t h i s case the 
i n t r o d u c t i o n of the m u l t i - s h i f t working time) w i l l have 
solved the f u t u r e demand. Therefore, the extension of 
quay w i l l not be r e q u i r e d u n t i l 2005. 

2. Since the decreasing of cost spent by ship i n p o r t i s 
much greater than the a d d i t i o n a l cost needed f o r the 
implementation of the longer working time, t h e r e f o r e i f 
i t i s p o s s i b l e , the f u l l - s c a l e of m u l t i - s h i f t working 
time i s suggested t o be implemented as soon as p o s s i b l e . 
However, i f t h a t can not be achieved, the f o l l o w i n g 
gradual implementation i s recommended: 

Year 1988 1990 1995 2005 

H p I I o I I I IV 
A l t e r n a t i v e 
where: 
working time 9.00 9.00 16 24 
(hrs) 
e f f . (%) 70% 90% 80% 75% 

(& 100%) (& 100%) (& 100%) (& 100%) 

3.4 Future Terminal F a c i l i t i e s 

3.4.1 Quay Length 

From the previous sub-chapter, i t can be concluded t h a t 
the e x i s t i n g quay length w i l l be capable t o accomodate the 
p o r t c apacity needed up t o 2005, i f during t h i s time horizon 
the o p e r a t i o n improvement (the longer working time and the 
more e f f e c t i v e working) i s implemented. Therefore, the 
extension of e x i s t i n g quay w i l l not be necessary. Thus, up t o 
2005 the Main Public Terminal has: 
- i n t e r n a t i o n a l quay of 360 m, and 
- domestic quay of 375 m. 

However, the western (upstream) 100 m of i n t e r n a t i o n a l quay 
i s not s u i t a b l e f o r container handling equipment, w i t h i n a 
normal acceptable l e v e l of s a f e t y . Redisigning and r e b u i l d i n g 
of t h i s p a r t of the quay becomes necessary. I t i s expected 
t h a t the e x i s t i n g p i l e s can be incorporated w i t h i n a new quay 
design, w h i l e deck and beams w i l l r e q u i r e t o be removed and 
completely r e b u i l d [ 7 ] . I t i s planned t h a t the r e b u i l d i n g of 
t h i s p a r t of the quay w i l l have been completed by 1995. Thus 
during the r e b u i l d i n g p e r i o d , say i n 1994, the operable quay 
length of i n t e r n a t i o n a l subterminal becomes 100 m s h o r t e r , 
and d i r e c t l y a f f e c t s the performance of p o r t o p e r a t i o n . I n 



75 

order t o get i n f o r m a t i o n concerning t h i s s i t u a t i o n , a set of 
experimentation runs i s done f o r 1994 i n various a l t e r n a t i v e s 
of working s i t u a t i o n . The outputs are put i n Annex D. Some of 
t h i s outputs are shown i n f i g u r e 3.8. As f a r as the working 
improvement reaches at l e a s t a l t e r n a t i v e H p (70% e f f e c t i v e 
working), the l e v e l of b e r t h i n g s e r v i c e i s s t i l l acceptable, 
where the average w a i t i n g time of ships which wait i s less 
than 40% i f service time. 

3.4.2 Mobile Quay Crane 

3.4.2.1 Cranes f o r A s s i s t i n g Ship's Gear 

These cranes are not incorp o r a t e d i n the MPTSIM model. 
Therefore, the number of these cranes w i l l be determined w i t h 
the f o l l o w i n g assumption. 

The s h u t t l e ship unloads and loads containers p r i m a r i l y 
w i t h i t s own gear. However, i n order t o maintain an average 
loading/unloading p r o d u c t i v i t y of 20 TEU's per hour, a mobile 
r u b b e r - t i r e d quay side tower crane (of 30 tons cap) i s 
considered t o a s s i s t the container (un-)loading a c t i v i t y . 
This crane should also be able t o handle other u n i t i z e d and 
non-unitized cargoes i n the s h u t t l e ship. 

As mentioned i n the Annex B3, the non-shuttle ship 
(except Rubber barge) also (un)loads cargoes p r i m a r i l y w i t h 
i t s own gear. However a mobile r u b b e r - t i r e d quay side tower 
crane (of 15 tons cap.) i s r e q u i r e d f o r a s s i s t i n g t h i s ship 
i n case of ship'gear breakdown, and also f o r handling an 
occasional heavy u n i t . 

3.4.2.2 Cranes f o r Rubber Barge 

These cranes are inc o r p o r a t e d i n the MPTSIM model. 
Therefore the number of these crane w i l l be determined based 
on the outputs of experimentation runs arranged f o r t h i s 
purpose. These outputs have been summarized i n the previous 
sub-chapter. 

The r e l a t i o n s h i p between the number of these cranes and 
the amount of time spent by ships i s a t r a d e - o f f . The more 
the crane (the more a v a i l a b i l i t y of these crane), the less 
the i d l e time and w a i t i n g time of ships. Or i n the term of 
cost, the higher the investment f o r cranes, the less the cost 
of ships spent i n the p o r t . Therefore the optimum number of 
cranes i s t h a t w i l l give the minimum t o t a l cost of those two 
components of cost. 

The requirement of mobile quaycrane f o r rubber barges 
operation i n 2005, can be c a l c u l a t e d as f o l l o w s : 
1. From t a b l e 3.4, column 2005, i n previous subchapter 

i n d i c a t e d t h a t e i t h e r one crane or three employed, the 
composition of time spent by ships i n p o r t , can be 
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considered s i m i l a r . This imp l i e s t h a t the a v a i l a b i l i t y of 
cranes (even only one) i s 100%. 

2. I n 2005, there are 220 barges which operate mobile 
crane. The average of t h i s cargo handling operation 
i s 3.03 hour per barge. However, the crane i s occupied by 
barge since t h i s barge w i l l be moored, thus 2 hours 
before cargo handling take place. Therefore, the 
occupancy operating hour of t h a t crane i s 220 x 
5.03 = 1106.5 hours per year. This i s s t i l l much 
lower than the maximum permitted annual operating 
hours of 2400 hours. This f a c t explains the p o i n t 
1 above. 

F i n a l l y , i t can be concluded t h a t one mobile r u b b e r - t i r e d 
quay side tower crane of 10 tons capacity i s s u f f i c i e n t f o r 
(un)loading o p e r a t i o n of rubber barges up t o 2005. 
However, during the maintainance/repair of t h i s crane and 
also the other crane f o r a s s i s t i n g other non-shuttle ships, 
one mobile r u b b e r - t i r e d quay side tower crane of 15 tons 
l i f t i n g capacity i s needed. 

3.4.3 Port Storage 

3.4.3.1 E x i s t i n g 

The t o t a l gross area of a se r i e s of f i r s t l i n e t r a n s i t 
sheds located i n 4 b u i l d i n g s along the face of the quay i s 
approximately 8.812 m2. Under the Inpres 4/85, these sheds 
are now operated by PPC I I branch Palembang. However, the 
a l l o c a t i o n of cargo i n the sheds i s determined not only by 
t h i s company, but also by other c a r g o - r e l a t e d company. 
Cargoes are g e n e r a l l y stored by vessels but they are not 
subdivided by consignment. With the exception of cargo i n 
large c r a t e , the average stacking height i s about 2 metres. 
The cargo i s staked by hand or w i t h f o r k l i f t . 

The t o t a l area of open storage (yard) f o r non-container 
cargo i s approximately 8.178 m2, which located a t three 
areas. The f i r s t i s along the main wharf i n the f r o n t of shed 
A, B, D and E. The second i s behind shed H, and the t h i r d i s 
alongside the shed I . The primary cargoes placed i n the open 
storage are cargo i n drums, tanks, machinery, i r o n and s t e e l 
products, v e h i c l e s , and dangerous commodities. For the 
container o p e r a t i o n , the paving of area of approximately 
27.000 m2 behind i n t e r n a t i o n a l quay i s expected t o be 
completed i n the end of 1988. 

3.4.3.2 Future 

(1) Non Container Cargo (Space Requirement) 

The gross f l o o r area (A) of shed or yard required f o r 
non-container cargo can be estimated as f o l l o w s : 



77 

A = q * a l * a2 * a3 [m2] 

where: 
q = the maximum q u a n t i t y of cargo i n storage found from 

s i m u l a t i o n run of 2 vear (1990 and 1995) and 1/2 
year (2005) ( t a b l e D.1). 

a l = the occupied area i n m2 per ton of cargo. 
a2 = an allowance f o r a d d i t i o n a l storage space f o r 

s p e c i f i c cargo, damaged cargo e t c . 
a3 = an allowance f o r space not used f o r s t a c k i n g , such 

as: alley-ways, a d m i n i s t r a t i o n o f f i c e s i n the shed, 
space f o r s o r t i n g and s t r i p p i n g , space f o r h o i s t i n g 
equipment, e t c . 

These f a c t o r s are v a r i e d ; 
a l a2 a3 

I n Shed, an average s t a c k i n g 
height of 2 m, and 
storage f a c t o r of 
1.67 m3 per t o n 0.835 1.2 1.4 

I n Yard, trucks are allowed 
t o load a t the s t o 
rage area 0.835 1.2 1.5 

Using the above f a c t o r s and formula, the f u t u r e r e q u i r e d 
storage area f o r non-container cargo: 

1990 
Shed 

1995 2005 
Yard 

1990 1995 
(m2) 

2005 

I n t e r n a t i o n a l Cargo 
Domestic Cargo 

2355 2610 4295 4810 6975 12940 
2695 3075 4210 2195 2465 4015 

Conclusions: 

1. the e x i s t i n g shed and yard located a t domestic subterminal 
i s s u f f i c i e n t t o accomodate the domestic NCC storage 
f a c i l i t i e s requirement up t o 2005. Thus no expansion of 
these storage f a c i l i t i e s i s necessary. 

2. For the i n t e r n a t i o n a l NCC may need a d d i t i o n a l storage 
f a c i l i t i e s by 1995. However, t h i s depends the layout 
arrangement i n the next chapter. 

(2 ) Container Operation Area 

The t o t a l size of the container storage area (A) i s 
mainly determined by the f o l l o w i n g f a c t o r s : 
- number of TEU's t o be handled (see chapter I I ) 
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- the type of container handling equipment used (see 
Annex C2) 

- the average time containers stay i n storage or 
dwelltime (DT) (see Chapter I I ) . 

The general formula: 

A = annual TEÜ * PF * DT * LU * r 
365 days 

where: 
- A peak f a c t o r (PF) of 1.50 and 1.25 f o r peak period are 

assumed f o r CY and CFS area requirement r e s p e c t i v e l y [ 2 0 ] . 
- Land u t i l i z a t i o n (LU) per TEU depends on the container 

handling operation system: 

SYS- LU m2/TEU 
TEM CY CFS 

A s t u f f i n g / s t r i p i n g i n CY: 
- loaded containers stacked 

1 high i n CY by heavy FLT 80 
- empty container, stacked 

2 high i n CY by heavy FLT 30 
B s t u f f i n g / s t r i p i n g i n CFS: 

- 29 m3 general cargo of 
one TEU stacked 1.5 m 
high i n CFS - 20 

- loaded and empty containers 
stacked 2 high i n CY by 
heavy FLT 3 0 

- A f a c t o r r represents a r a t i o of the average container 
stacking height/nominal s t a c k i n g height i n CY (thus only 
applies t o CY area c a l c u l a t i o n ) i s as f o l l o w s [ 2 2 ] : 

nominal stacking height r 
1 1 
2 0.8 
3 0.7 

Using the above formula and f a c t o r s , the container o p e r a t i o n 
area are c a l c u l a t e d as f o l l o w s : 
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No SYS
TEM 

Operational Area 

1990 

Storage Area (m2) 

1995 2005 

A CY Import 
Export 
Empty 

4700 
1100 
4900 

8300 
4500 
5100 

20000 
14500 
4700 

To t a l 10.700 17.900 39 . 200 

CFS 

2 B CY Import 
Export 
Empty 

not 
nec. 

not 
nec 

9400 
6800 
4700 

To t a l 

CFS - shed 
- d e l i v e r y / 

s t u f f i n g & 
s t r i p p i n g 
zone 

20.900 

5900 = 
6000 
7900 

13.900 

Conclusion: 

1. Up t o 1995, system A i s s t i l l a p p l i c a b l e since the 
a v a i l a b l e container yard of 17.200 m2 i s capable t o cope 
w i t h the area requirement. 

2. Since the a v a i l a b l e area f o r expansion i s l i m i t e d i n the 
e x i s t i n g o p eration area, thus the system B i s more 
favourable f o r 2005. The CFS and i t s 
d e l i v e r y / s t u f f i n g / s t r i p i n g zone should be b u i l t by 2005. 

3.4.4 Terminal Equipment 

3.4.4.1 Domestic Cargo (non-container) 

As mentioned i n Annex B3, the cargohandling equipments 
are needed f o r : 
a. h o r i z o n t a l t r a n s p o r t between quay t o storage. Generally 3 

FLTs are needed f o r 2 working shiphook (of Nusantara f o r 
example). Meanwhile the loa d i n g / d i s c h a r g i n g p r o d u c t i v i t y 
i s about 15 ton/shiphook. I n 1983, only 50% of 
cargoes routed t o the storage were c a r r i e d out by 
f o r k l i f t s of 2.5 t o 3 tons c a p a c i t y . Considering t h a t 
cargoes shows a tren d t o become g r a d u a l l y less easy 
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t o be handled manually due t o the increased average piece 
weight i n the t r a d i t i o n a l cargo mix, the percentage of 
cargo needed FLT assistance w i l l increase, about 60% i n 
1995 and 2005. Probably 20% of the r e q u i r e d number of 
FLTs should be of 5 t o 7 tons capacity so as t o deal w i t h 
heavy cargo. 

1990 1995 2005 

Amount of cargo v i a storage i n 
1000 tons (see t a b l e D.1) 46.3 57 107.5 

Percentage FLT assistance (%) 50 60 60 

Number of FLTs 3 3 3 

P r o d u c t i v i t y of one FLT 
(tons/hour) 10 10 10 

Annual o p e r a t i o n a l hour per FLS 775 1140 2150 

Maximum annual operatinghour 2400 2400 2400 

Thus 3 FLTs are s u f f i c i e n t t o perform the h o r i z o n t a l 
t r a n s p o r t between quay t o storage of domestic cargo up t o 
2005. This c o n s i s t s of 2 FLTs of 2.5 t o 3 tons capacity and 
one FLT of 5 t o 7 tons capacity. 

b. v e r t i c a l movement of heavy cargo to/from t r u c k s . This i s 
done by FLT. One FLT of 5 t o 7 tons capacity i s assumed 
f o r 1995 and 2005 t o perform t h i s o p e r a t i o n . 

3.4.4.2 I n t e r n a t i o n a l Cargo (non-container) 

(a) H o r i z o n t a l t r a n s p o r t from quay t o shed. Considering the 
shed H and I are close to the quay, the h o r i z o n t a l 
t r a n s p o r t w i l l be c a r r i e d out by FLTS ( s i m i l a r t o the 
domestic cargo) 100% of the cargo destined to/from shed 
use the FLTS assistance. 
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1990 1995 2005 

Amount of cargo v i a shed i n 
1000 ton (see t a b l e D.1) 24 . 5 32 . 9 46 . 7 

Percentage FLT assistance (%) 100 100 100 

Number of FLTs 3 3 3 

P r o d u c t i v i t y of one FLT 
(tons/hour) 10 10 10 

Annual o p e r a t i o n a l hour per FLT 817 1097 1557 

Maximum annual o p e r a t i n g hour 2400 2400 2400 

Thus 3 FLTs are s u f f i c i e n t t o c a r r y out the h o r i z o n t a l 
t r a n s p o r t quay-shed of i n t e r n a t i o n a l NCC up t o 2005. This 
consists of 2 (two) FLTs of 2.5 t o 3 tons capacity and one 
FLT of 5 t o 7 tons c a p a c i t y . 
I n p r a c t i c a l o p e r a t i o n , the above FLTs are interchangebly i n 
use u n t i l the FLTs f o r h o r i z o n t a l t r a n s p o r t of domestic 
cargo. However one e x t r a FLT of 2.5 - 3 tons capacity i s 
needed f o r maintainance/repair. 

(b) H o r i z o n t a l t r a n s p o r t quay-yard. 
Taking the distance between ship and yard stack i n t o 
account, the t r a c t o r - t r a i l e r system i s proposed t o 
provide t h i s o p eration ( w i t h FLT t o load the t r a i l e r s on 
the quay and f o r s t a c k i n g at the s t o r a g e ) . 
A ship working 2 hooks simultaneously would have 
p r o d u c t i v i t y of ca. 50 tons/hour. Meanwhile, the 
p r o d u c t i v i t y of a t r a c t o r per hour i s about 125 
ton/hour, considering 6 minutes of r o u n d - t r i p cycle and 
15 tons of t r a i l e r c apacity. Furthermore, the 
p r o d u c t i v i t y of a FLT i s about 30 ton/hour. That one 
ship would l i k e l y r e q u i r e one t r a c t o r , 4 t r a i l e r s and 2 
FLTs (one FLT of 2.5 t o 3 tons capacity and one FLT of 5 
t o 7 tons capacity. One e x t r a t r a c t o r and two t r a i l e r s 
are needed f o r maintanance/repair. The number of 
o p e r a t i n g hours of t r a c t o r and FLT would be: 

1990 1995 2005 
Amount of cargo v i a yard 
(1000 tons) 34.4 51.3 96.6 
Tractor (hrs/year) 283 410 773 
FLT (hrs/year) 295 428 805 

(c) At d e l i v e r y side of storage area, f o r k l i f t t r u c k s are 
needed f o r loading and unloading t r u c k s . 
Considering the o p e r a t i o n a l hours f o r d e l i v e r y and 
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r e c e p t i o n of cargo i s 300 days per year a t 8 hours per 
day. 

1990 1995 2005 

Amount of cargo v i a shed and 
yard (1000 tons) 59.9 84.2 143.3 
Rate of d e l i v e r y ton/hour 25 35 60 
Number of FLT ( p r o d u c t i v i t y 
of 15 t o n s / h r ) , consists o f : 2 3 4 
- 2.5 t o 3 tons capacity 1 2 3 
- 5 t o 7 tons capacity 1 1 1 

3.4.4.3 Container Handling Equipment 

The e x i s t i n g container handling equipment consists of 
one FLT of 35 tons l i f t i n g c a p a c i t y , 2 u n i t s of t r a c t o r (head 

t r u c k ) , and 6 u n i t of t r a i l e r s (45 tons capacity) 
For the f u t u r e requirement i s c a l c u l a t e d below: 

1. FLT (Heavy F o r k l i f t ) 

Container throughput (TEU/year) 
Time r e q u i r e d f o r the ship t o 
CY o p e r a t i o n ( i n hours) 
TEU/year 
TEU/cycle * 6 min/cycle+50% 

60 min/hours 
(50% added as compensation f o r 
cycle of less than 2 TEU) 

Time r e q u i r e d f o r CFS To 
CY o p e r a t i o n ( i n hours) 
TEU/year 
TEU/cycle * 6 min/cycle 

60 min/hours 

T o t a l time 

1990 

4500 

= 337.5 

1995 

8000 

600 

2005 

19000 

1425 

= 225 

562 .5 

400 

1000 

950 

2375 

Based upon 2500 hour as a maximum annual o p e r a t i o n a l hours 
f o r each piece of equipment, thus one heavy FLT i s s u f f i c i e n t 
f o r c ontainer handling up t o 2005. However, the FLT annual 
operating hour i s close t o the maximum value, t h e r e f o r e , 
stacking operation can be c a r r i e d out w i t h assistance of 
mobile yard crane. In case of heavy FLT breakdown, the 
t r a c t o r - t r a i l e r together w i t h mobile yard crane replace the 
o p e r a t i o n . (During normal s i t u a t i o n , these t r a c t o r - t r a i l e r s 
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are used f o r h o r i z o n t a l t r a n s p o r t of i n t e r n a t i o n a l non-
container cargo). 

2. Tractor 

For the ship - CY operation w i t h both the ship's crane and 
mobile yard crane assistance ( I ) and t h CFS-CY operation ( I I ) 
i n hours. 

1990 1995 2005 

( I ) =TEU/year * 6 min/cycle 
2 TEU/cycle + 50% = 337.5 600 1425 

60 min/hour 

( I I ) = TEU/year * 4 min/cycle 
2 TEU/cycle = 150 265 630 

6 0 min/hour 

To t a l ( h r s ) 487.5 865 2055 

Thus one t r a c t o r w i l l be s u f f i c i e n t t o handle container f l o w 
up t o 2005. However one e x t r a t r a c t o r i s needed f o r 
maintainance/repair. 

3. T r a i l e r 

The number of te r m i n a l t r a i l e r f o r container handling 
operation are estimated as f o l l o w s ( c a p a c i t y 25-35 t o n ) : 

1990 1995 2005 

between ship and CY 5 5 5 
at CFS door - - 8 
preparing f o r CFS - - 8 
maintanance/repair 1 1 3 

6 6 24 

4. F o r k l i f t f o r s t u f f i n g / s t r i p p i n g 

FLT's of maximum 3 tons l i f t i n g c a p a city are used f o r 
s t u f f i n g / s t r i p p i n g . One FLT i s r e q u i r e d f o r every 2 TEU's 
handled d a i l y . Based on 300 working days per year and one 
s h i f t o p e r a t i o n of 8 hours per day (thus 2400 operating hours 
per year per FLT), the number of FLT's r e q u i r e d w i l l be: 
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throughput (TEU/year) 
FLT's = TEU/year x 1 

2 * 300 
Maintanance/repair 

1990 1995 2005 

4500 8000 14000 
8 14 32 

1 2 4 

9 16 36 

5. Mobile yard crane 

In case of heavy FLT breakdown, s t a c k i n g operation i n yard i s 
replaced by one mobile yard crane of 25 tons l i f t i n g 
c apacity. 

3.4.5 Summary 

Table 3.4 presents the summarized physical requirement i n 
1990, 1995 and 2005. 



Table 3.8 Suimnary of F a c i l i t i e s Requirement of MPT 

E x i s t i n g R e q u i r e m e n t i n 

1986 1990 1995 2005 

I C S D C S . I C S D C S I C S . D C S 

I . C A R G O F L O W S 

- C o n t a i n e r ( T E U ) 4500 - 8000 - 19000 -
- N C C - I n t . C a r g o ( t o n s ) 

- D o m . C a r g o ( t o n s ) 

I I I N F R A S T R U C T U R E 

1. Q u a y (m) 360 + 375 360 375 360 375 360 375 
2. S h e d - N C C s h e d (m2) 8812 2350 2700 2600 3075 4300 4200 

- C F S (m2) - - - - - 6 . 0 0 0 -
3. Y a r d - N C C (m2) e zoo 4800 2200 7000 13. 0 0 0 4000 

C o n t a i n e r ( m 2 ) 1 0 0 0 0 10.700 - 1 6 - 0 0 0 - Z l 0 0 0 -

A c c e s s t o C F S — - - - 7700 -
A c c e s s t o N C C s h e d 

O t h e r s p a c e (15%) 1 

I I I E Q U I P M E N T ( u n i t ) 

1. M o b i l e t o w e r 35 T 1 1 - 1 - 1 -
c r a n e 

2. M o b i l e t o w e r 7.5 T - 1 8 7 4 m) 3 - 3 - 3 -
c r a n e 

3. M o b i l e y a r d 25 T 1 1 - 1 - 1 -
c r a n e 

4. H e a v y F o r k l i f t 35 T 1 1 - 1 - 1 -
5. T u g m a s t e r 

( t r a c k t o r ) 25-35 T 2 2 2 2 

6. T r a i l e r 

( c h a s i s ) 25-35 T 6 6 - 6 - 24 -
7. F o r k l i f t t r u c k 3.5 T 14 (2 t o 5 t o n s ) ' M 2 z 

8. F o r k l i f t t r u c k 5-7 T 6 (7 t o 15 t o n s ) 3 2. 3 2 . 

1 
3 2 

I C S = I n t e r n a t i o n a l C a r g o S u b t e r m i n a l 

D C S = D o m e s t i c C a r g o S u b t e r m i n a l 

¥ ) t h e r e a r e 4 c r a n e s o f 15/18 t o n s c a p a c i t y 
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chapter IV 
TERMINAL LAYOUT 
PREPARATION 

4.1 General 

The o b j e c t i v e of the t e r m i n a l layout analysis i s t o 
develop the physical layout of Main Public Terminal w i t h i n 
the time span of f o r e c a s t i n g . I n other words, i t i s t o 
produce the 1990 te r m i n a l l a y o u t , the 1995 t e r m i n a l layout 
and the 2005 t e r m i n a l l a y o u t . The l a s t two are commonly 
c a l l e d the masterplan l a y o u t , f o r medium-term development and 
long-term development r e s p e c t i v e l y . The layout planning i n 
t h i s r e p o r t w i l l emphasizes t o those r e l a t e d t o the long-term 
masterplan layout. 

Terminal layout planning i s a very important aspect i n 
the o v e r a l l p o r t plannng. Since the ph y s i c a l layout of a 
ter m i n a l has an i n f l u e n c e t o the method and p r o d u c t i v i t y of 
cargo handling through t h a t t e r m i n a l . But on the hand, the 
ma t e r i a l handling has t o deal w i t h the ph y s i c a l layout of a 
t e r m i n a l . This interdependent r e l a t i o n s h i p between these two 
aspects implies t h a t the layout depends on the m a t e r i a l and 
moves of handling, and the s e l e c t i o n of handling method 
depends upon the layout. The basic fundamental of every 
layout planning p r o j e c t are: r e l a t i o n s h i p , space, and 
adjustment [Richard M u l l e r , 1984]. That i s , the r e l a t i o n s h i p 
i n d i c a t e the r e l a t i v e closeness d e s i r e d between t h i n g s ; the 
space estab l i s h e s the amount, kind and c o n f i g u r a t i o n of space 
f o r each t h i n g ; and the adjustment involves the arrangement 
of t h i s space t o s a t i s f y the closeness r e l a t i o n s h i p and space 
requirement. Thus the problem i s t o a d j u s t the space t o honor 
r e l a t i o n s h i p [•loj 

Since only minor expansion and m o d i f i c a t i o n of the 
e x i s t i n g f a c i l i t i e s w i l l be d e a l t w i t h i n t h i s r e p o r t , so the 
problem i s t o rearrange the space so as t o improve the 
layout. Only minor m o d i f i c a t i o n of the cargo handling method 
may be inv o l v e d . The rearrangement of an e x i s t i n g f a c i l i t i e s , 
area or layout ( w i t h minor expansion) i s , t h e r e f o r e , 
contrained by the phy s i c a l l i m i t a t i o n of the e x i s t i n g area. 

F i r s t step i n the layout a n a l y s i s i s t o define the 
ob j e c t i v e s t o be achieved and the c r i t e r i a ( c r i t e r i o n ) used 
to evaluate the possible a l t e r n a t i v e l a y o u t . The main 
ob j e c t i v e s are: 
1. t o provide f o r e f f e c t i v e cargo handling 
2. t o provide f o r e f f e c t i v e space u t i l i z a t i o n 
3. t o provide f o r f l e x i b i l i t y i n the layout 
4. t o provide f o r ease of f u t u r e expansion. 
Like most other layout a n a l y s i s , only one type of c r i t e r i o n 
i s considered, t h a t i s : minimizing the cost of m a t e r i a l 
handling i n the t e r m i n a l . However, f o r the sake of 
s i m p l i c i t y , i t w i l l be replaced by: minimiz^ing the volume 

86 
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times distance measure t h a t cargoes t r a v e l i n the t e r m i n a l . 
Second step i s t o develop several a l t e r n a t i v e layout, by 

considering the f o l l o w i n g f a c t o r s : 
1. p h y s i c a l f a c i l i t i e s requirement 
2. l o c a l p h y s i c a l c o n s t r a i n t s and c o n d i t i o n s 

( i n c l u d i n g the possible area f o r expansion) 
3. the l a s t t h r e e o b j e c t i v e s above. 

The t h i r d step i s t o c a l c u l a t e the q u a n t i f i a b l e 
c r i t e r i o n and t o choose the optimum layout which gives the 
minimum q u a n t i f i a b l e c r i t e r i o n . 

4.2 Masterplan Layout A l t e r n a t i v e s 

As mentioned e a r l i e r , the p h y s i c a l l o c a l c o n d i t i o n 
should be taken i n t o c o n s i d e r a t i o n i n developing the f u t u r e 
a l t e r n a t i v e l a y o u t . 
Figure 4.1 i n d i c a t e s the e x i s t i n g s i t u a t i o n i n 1990. There 
are 3 (thr e e ) categories of the p o r t area w i t h regard t o the 
p o s s i b i l i t y f o r f u t u r e expansion: 
a. non-removable occupant 
b. c o s t l y removable occupant 
c. low c o s t / f r e e removable occupant, thus become possible 

area f o r expansion. 
Meanwhile, w i t h the increasing p o r t / t e r m i n a l throughput, 

e s p e c i a l l y container t r a f f i c , i t i s l i k e l y t h a t f o r the 
o p t i m i z a t i o n the e x i s t i n g container f a c i l i t i e s , the f o l l o w i n g 
r e l o c a t i o n should be taken by 1995: 
a. shed I , t o the s p e c i f i e d i n t e r n a t i o n a l NCC operation. 
b. the PLN f a c i l i t i e s . This space can be f u r t h e r paved f o r 

container yard. The c o n s t r u c t i o n of 25 m quay a t the f r o n t 
of t h i s area may not be necessary a t t h i s time. 

Furthermore, the masterplan la y o u t a l t e r n a t i v e s have t o 
be based on the f u t u r e requirement of the physical 
f a c i l i t i e s . This requirement has been c a l c u l a t e d i n the 
previous chapter, and are formulated below: 

1. For 1990 requirement, no f u r t h e r expansion or m o d i f i c a t i o n 
i s necessary. 

2. For 1995 requirement, the p o r t development may inc l u d e : 
a. f i l i n g and paving the gap at the f r o n t PNPX storage o i l 

tank. 
r e b u i d i n g T °f ^̂ '̂  ̂  e x i s t i n g i n t e r n a t i o n a l quay. 

c. removal of the PLN f a c i l i t i e s and c o n s t r u c t i o n of 
quaywall and paving. 

d. rearrangement of i n t e r n a t i o n a l NCC shed. I n t h i s case, 
shed I i s t o be rel o c a t e d t o the s p e c i f i e d area f o r 
i n t e r n a t i o n a l NCC operation. 

e. I f p o i n t s c and d above do not give s u f f i c i e n t space 
f o r i n t e r n a t i o n a l NCC yard (open storage), the 
expansion of t h i s f a c i l i t y become i n e v i t a b l e . 



88 

Considering t h a t the p o r t area a t the f r o n t of PNPX 
storage tank and east cemetry w i l l not be o p t i m a l l y used 
f o r container o p e r a t i o n , thus t h i s area becomes favoured 
f o r the i n t e r n a t i o n a l NCC o p e r a t i o n . The shed I w i l l , 
t h e r e f o r e , be r e l o c a t e d t o t h i s area. 

3. For 2005 requirement, the p o r t development may i n c l u d e : 
a. c o n s t r u c t i o n of a new 50 * 120 m2 container F r e i g h t 

S t a t i o n CFS 
b. development of new access road t o tli.e container 

operation area, and r e q u i r e d parking area ( and gates). 
c. c o n s t r u c t i o n of workshop, se r v i c e and other supporting 

f a c i l i t i e s . 
d. f u r t h e r expansion of the i n t e r n a t i o n a l NCC shed and 

yard 

Based on the above development scenario, i t can be 
concluded t h a t the masterplan layouts a l t e r n a t i v e s w i l l be 
developed as f a r as the i n t e r n a t i o n a l subterminal i s 
concerned. Because the domestic subterminal does not r e q u i r e 
any expansion or m o d i f i c a t i o n . Beyond 2005, the . r e l o c a t i o n 
of shed H t o the same l i n e w i t h other sheds may optimize t h i s 
subterminal. 

4.3 I n t e r n a t i o n a l NCC area 

Figure 4.2, shows 3 (t h r e e ) layout a l t e r n a t i v e s of the 
i n t e r n a t i o n a l NCC o p e r a t i o n area. Cargoes are routed v i a shed 
or yard (and d i r e c t d e l i v e r y ) . The layout a n a l y s i s concerns 
w i t h the amount of cargo and weighted-average distance the 
cargo t r a v e l t o /from storage f a c i l i t i e s . 

Even from b e r t h i n g capacity p o i n t of view, i t i s not neces 
sarry to b u i l d a new i n t e r n a t i o n a l quay, but consedering 
t h a t storage f a c i l i t i e s shouldbe as near as possible w i t h 
w a t e r f r o n t f a c i l i t y , t h e r e f o r e f o r a l t e r n a t i v e I I , a 150 m 
quay at the f r o n t of proposed l o c a t i o n of shed i s planned 
to be b u i l t by 2005. D e t a i l e d cost comparison which i n -
dlude : cost of quay, b e n e f i t from saving of reducing ship 
time i n p o r t , and b e n e f i t gained from b e t t e r cargo handl -
i n g , i s not c a r r i e d i n t h i s study. 
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A l t 

I I 

I I I 

No 

Storage/ 
Location 

shed 
yard 

Area distance A.d weighted 

shed 
yard 

shed 
yard 

A d m3 average 
(m2 ) (m) d (m) 

40 * 107 . 5 4 . 300 90 _ 90 
85 * 155 13.000 320 - 320 

40 * 107 . 5 4 .300 90 9 0 
62 * 100 6 . 200 80 496.000 
65 * 105 6 . 800 285 1 .938.000 

13.000 2 .434.000 185 

40 * 107. 5 4300 270 _ 270 
62 * 100 6200 80 496.000 
68 * 100 6800 355 2 .414.000 

13.000 2.910.000 

In 2005, 46.670 tons and 96.600 tons of i n t e r n a t i o n a l NCC 
to be routed v i a shed and yard r e s p e c t i v e l y : 

distance v i a shed (m) 
distance v i a yard (m) 

amount of cargo * 
distance (10 6 ton * m] 
v i a shed 
v i a yard 

A l t 
I 

90 
320 

4.2 
30.9 

A l t 
I I 

90 
r8"5 

4,2 
17. 9 

A l t 
I I I 

270 
225 

12.6 
21 . 7 

225 

To t a l 35.1 22.1 34. 3 

Conclusion: the a l t e r n a t i v e I I i s the most favourable layout 
because i t gives the minimum t o t a l of amount * distance 
c r i t e r i o n . 



90 

4.4 Container Operation Area 

The container flow shown i n f i g u r e c 2.2 (see Annex c2) 
i n d i c a t e s : 
a. Almost a l l containers t r a n s p o r t e d h o r i z o n t a l l y from/to 

apron to/from container yard. 
b. Most containers t r a n s p o r t e d h o r i z o n t a l l y from/to CY 

to/from CFS. Only some containers t r a n s p o r t e d from/to CF 
d i r e c t l y to/from r e c e i v e r / s h i p p e r t r u c k s . 

Although w i t h o u t numerical a n a l y s i s as applied f o r 
i n t e r n a t i o n a l NCC, t h a t basic flow necessitates t h a t CFS must 
be located behind CY. For MPT, the l o c a t i o n of CFS i s 
a v a i l a b l e a t the northern of e x i s t i n g CY. In order t o 
generate a smooth and e f f i c i e n t container handling, the 
f o l l o w i n g f u r t h e r arrangement should be made: 
1. The wi d t h of the apron should be at l e a s t 40m so as t o 

have s u f f i c i e n t area f o r manoeuvring of cargo handling 
equipment and of t r a n s p o r t v e h i c l e s . 

2. One l o n i t u d i n a l and two t r a n v e r s a l driveways (of 15 m 
wide) s p l i t the stac k i n g area (CY) t o allow equipment 
movement. This i s also meant t o separate import, export 
and empty container stacking area. 

3. On both sides of the CFS should have a s u f f i c i e n t l y l a r g e 
area f o r container s t u f f i n g / s t r i p i n g and f o r 
r e c e i v i n g / d e l i v e r y of general cargo. The f i r s t area 
should be located next t o the CY. The width of these area 
i s a t l e a s t 26 metres, f o r manoeuvring a 15 m truck/40 f t -
container combination w i t h a 12 m t u r n i n g r a d i u s . 
A s p e c i a l area should be also a v a i l a b l e next t o CFS f o r 
d i r e c t s t u f f i n g / s t r i p i n g o p e r a t i o n (and thus d i r e c t 
d e l i v e r y / r e c e i v i n g as w e l l ) . 

4. To optimize land u t i l i z a t i o n , some i n e v i t a b l e broken 
space i s used f o r p u b l i c u t i l i t i e s , s t o r i n g equipment and 
maintance shops. 

4.5 Service C r a f t Area 

Port planning requires the p r o v i s i o n of adequate accomoda 
t i o n f o r service c r a f t . With t h e i r l i m i t e d d r a f t requirement, 
there w i l l be a l i t t l e problem i n term of p r o v i d i n g adequate 
water depth. However, s u f f i c i e n t calm water b e r t h i n g space 
and s u i t a b l e docking f a c i l i t i e s has t o be made a v a i l a b l e f o r 
these e s s e n t i a l a c t i v i t i e s [20]. 

The f i n d i n g of consultants i n 1982 was t h a t the present 
three f l n g e r p i e r s at the upstream end of domestic subterminal 
used f o r service c r a f t area i s g e n e r a l l y congested. Moreover, 
i t s i n f r a s t r u c t u r e i s not i n a proper s t a t e of maintenanceCvJ* 
Part of t h i s congestion at t h i s area at t h a t time was genera
ted by barges w a i t i n g f o r customs i n s p e c t i o n . Since 1985, as 
a r e s u l t of the implementation of inpres 4/85 (see Annex A2) 
,only minor a c t i v i t y of custom i n s p e c t i o n are s t i l l c a r r i e d 
out i n Indonesian p o r t s , i n c l u d i n g p o r t of Palembang. Thus 
the recommendation of the consultans regarding the a l l o c a t i o n 
of custom potoon t o the downstream end of i n t e r n a t i o n a l sub-
te r m i n a l becomes not necessary. 
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From 1986 p o r t data, the service c r a f t operated i n p o r t 
of Palembang include: 4 ( f o u r ) u n i t s tugs of 1160 t o 1800 HP, 
4 ( f o u r ) u n i t s p i l o t boats of 185 t o 7000 HP, 2 (two) u n i t s 
mooring boats of 85 HP, 1 (one) u n i t tug of 147 HP + 3 ( t h r e e ) 
water supply barges of 80 to 100 m3, n a v i g a t i o n a l aids boats 
,custom boats, and navi boats. I n a d d i t i o n sometimes the coas 
t a l guard re q u i r e s a b e r t h i n g f a c i l i t y f o r v i s i t i n g ships. 
The r e q u i r e d number of tugs, p i l o t boats, mooring boats, and 
water supply barges increase i n l i n e w i t h the i n c r e a s i n g of 
ship t r a f f i c i n the f u t u r e , which i s almost double i n 1995 
and approximately t r i p l e i n 2005 i n comparation w i t h 1986 
ship t r a f f i c . Considering t h i s a n t i c i p a t i o n , together w i t h 
the f i n d i n g of the consultants above, the arrangement of the 
service c r a f t area becomes necessary. I t i s planned t h a t t h i s 
requrement be included i n medium term development plan f o r 
1995. B a s i c a l l y , the layout of t h i s area prepared by consul
t a n t s was addopted i n t h i s r e p o r t . 

4_^ Masterplan Layout 

Further c o n s i d e r a t i o n i n the layout p r e p a r a t i o n i s t h a t 
i n t e r n a l and e x t e r n a l t r a f f i c should be separated. This 
i n c l u d e s : 
a. r e r o u t e of p u b l i c road. 
b. parking space f o r t r u c k should be s i t u a t e d p r e f e r a b l y 

outside the t e r m i n a l fencing. 
c. gate. 

Based on a l l c o n s i d e r a t i o n above, the f i n a l Masterplan 
Layout f o r 2005 has been prepared and shown i n f i g u r e 4.3. 
This layout gives also an i n d i c a t i o n of the a v a i l a b l e area 
f o r p o r t development beyond year 2005. The t e r m i n a l layout 
f o r 1995 i n f i g u r e 4.4 has been derived from t h a t masterplan 
l a y o u t . 

4..7 Cost Estimate 

Within the envisaged port development 
f o l l o w i n g phases are planned: 

masterplan, the 

Phase I , 

Phase I I , 

port development f o r 1995; which includes the 
f o l l o w i n g a c t i ons: 
- r e l o c a t e the PLN f a c i l i t y and provide quay and 

pavement-on t h i s area. 
- f i l l i n g and paving the gap at the f r o n t of palm 

o i l storage tank. 
- r e b u i l d i n g ' of 100 m e x i s t i n g i n t e r n a t i o n a l 

quay. 
- re l o c a t e shed I . 
port development f o r 2005, a number of f u r t h e r 
actions have t o be taken: 
- b u i l d a 50 * 120 m2 Container F r e i g h t S t a t i o n . 
- expand shed I w i t h 1300 m2 a d d i t i o n a l f l o o r 

area. 
- provide 22,000 m2 heavy duty pavement which 

includes i n t e r n a l t r a f f i c area, parking and 
access road of container operation area. 
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- provide 20^000 m2 pavement which includes open 
storage, • parking and access road of 
i n t e r n a t i o n a l NCC operational area, and 
r e r o u t i n g of p u b l i c road. 

To implement the above developments, a cost estimate f o r 
c i v i l works involved has been prepared and presented i n the 
ta b l e 4.1. 



Note: 1. 

2. 
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f i g u r e 4.1 The l i k e l y MPT layout i n 1990 
and the posible expandable area 
of i t s surroundings. 



f i g u r e 4.2 Three a l t e r n a t i v e s of i n t e r n a t i o n a l 
NCC l a y o u t . 



CP 

-

; n n 
O • 

AREA FOR EXPANSION 
^ AFTER 2005 

( f o r Domestic Sub-
t e r m i n a l ) 

Service C.r-̂ -̂-t 

aomestic NCC o p e r a t i o n a l area 

' D O M E S T I C S U B T E R M I N , , 

c o n t a i n e r o p e r a t i o n a l i n t e r n a t i o ^ ^ I ^ J ^ S -
o p e a t i o n a l area 

I N T E R N A T I O N A L S U B T E R I K A 

f i g u r e 4.3 THE 2005 MPT LAYOUT 

cn 



Table 4.1. Cost E s t i m a t e of C i v i l Works 

U n i t Phase I Phase I I 

Quan

t i t y 

P r i c e Quan

t i t y 

P r i c e 

(1000 IB$) 

Quan
t i t y 

. P r i c e 

(1000 IB$) 

1. 

2. 

Removal of PLN b u i l d i n g 

- build-up a r e a 

- non build-up a r e a 

- r e l o c a t e pipe l i n e e t c . 

R»-̂-!: tli Lri ing '̂f- ]nt.Oit.yy 

m2 

m2 

m 

m 

100 

50 

200 

12500 

120 

1280 

2000 

100 

12 

64 

400 

1250 

3-

4-

5. 

6. 

New Dom. Quay 

F i l l i n g and paving 

thë gap a t the from 

palm o i l tank 

Service. Craft 3 c t t y 

R e l o c a t i o n of Shed I 

i;j 

m2 

in 

m2 

7S00 

75 

6000 

75 

25 

800 

150 

3000 

187.5 

60 

900 

225 

7-

8. 

9-

Expansion of Shed I 

New Int. (pu,aj/ 

Container F r e i g h t 

S t a t i o n 

m2 

tn 
m2 

200 

12500 
200 

1300 

150 
6000 

260 

1875 
1200 

10- Pavement - heavy duty 
- io>A/ duty 

m2 

m2 

45 

30 

22000 

20000 

990 

600 

n . A n c i l l a r i e s LS 200 200 

12 . Mobilization/De- LS 50 50 

15. C o n t i n g e n c i e s (12,5%) LS ?9C 615 

14. E n g i n e e r i n g & Super- LS 

v i s i o n (15%) | 

TOTAL 1 

^65 710 Engi n e e r i n g & Super- LS 

v i s i o n (15%) | 

TOTAL 1 
= 4200 = 6 5 2 5 
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chapter V 
CONCLUSIONS AND RECOMMENDATIONS 

Based on the discussions and r e s u l t s i n the previous 
chapters, the f o l l o w i n g conclusions and recommendation 
regarding p o r t development plan are made: 

1. The i n t r o d u c t i o n of p r e a r r i v a l planning, work s c h e d u l l i n g 
and performance review, together w i t h the synchronization 
of d i f f e r e n t working time of a l l p a r t i e s involved i n the 
por t o p e r a t i o n a c t i v i t y are expected t o increase the 
ef f e c t i v e n e s s of working o p e r a t i o n . Furthermore the 
i n t r o d u c t i o n of the m u l t i s h i f t working system i s meant t o 
prolong the working time. These p o r t operation 
improvements, which give the more e f f e c t i v e and the 
longer working time, are proven t o increase b e r t h i n g 
capacity t o some extent t h a t the e x i s t i n g quay length i s 
s t i l l capable t o cope w i t h the ship t r a f f i c and cargo 
throughout up t o 2005. Since the b e n e f i t (as a saving due 
to decreasing of cost spent by ship i n p o r t ) i s much 
greater than the a d d i t i o n a l cost needed f o r the 
implementation of the longer working time, i t i s 
suggested t h a t the f u l l scale of m u l t i - s h i f t working 
system can be implemented as soon as po s s i b l e . However, 
i f t h a t suggestion cannot be c a r r i e d out immediately, the 
gradual improvement i s recommended. I n t h i s case, the 
t w o - s h i f t working system w i l l have t o be implemented by 
2005. I n summary, as f a r as the above p o r t operation 
improvements are taken a t proper time, the e x t e n t i o n of 
quay, e i t h e r i n t e r n a t i o n a l or domestic, w i l l not be 
requ i r e d u n t i l 2005. Furthermore, the outputs of 
si m u l a t i o n experementation f o r 2005 s i t u a t i o n give 
i n d i c a t i o n which p a r t of quay should be extended beyond 
2005. Because more ships and grea t e r percentage of ships 
c a r r y i n g domestic cargo which b e r t h a t i n t e r n a t i o n a l quay 
than the ships c a r r y i n g i n t e r n a t i o n a l cargo which b e r t h 
at domestic quay, i t can be concluded t h a t the domestic 
quay w i l l l i k e l y have t o be extended f i r s t before any 
attempt t o b u i l d a new i n t e r n a t i o n a l quay. 

However, f o r the b e t t e r cargo handling o p e r a t i o n the l a y -
o u t a n a l y s i s necessitates : r e b u i l d i n g of 100 m i n t e r n a t i o 
nal quay and c o s t r u c t i o n of 25 m new domestic quay by 
1995, and c o s t r u c t i o n of 150 m i n t e r n a t i o n a l quay by 2005^ 
Furthermore, a 150 m service c r a f t j e t t y has to be p r o v i 
ded by 1995. 

2. The e x i s t i n g storage f a c i l i t i e s l ocated a t the domestic 
subterminal has been proven t o be capable t o accomodate 
the p o r t demand up t o 2005. Thus there w i l l be no 
expansion of domestic NCC s t o r a g e - f a c i l i t i e s . The 
capacity of the storage f a c i l i t i e s i n i n t e r n a t i o n a l 
subterminal, on the other hand, i s s u f f i c i e n t t o cope 
w i t h p o r t requirement up t o 1995. However, masterplan 
layout necessitates a number ac t i o n s t o be included i n 
the p o r t development phase I ( f o r 1995) such as: 
r e l o c a t i o n of shed I , rearrangement of storage f a c i l i t i e s 
and m o d i f i c a t i o n s of apron. To meet p o r t requirement f o r 
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the 2005, a number f u r t h e r a c t i o n s have t o be 
incorporated i n the port development phase I I ( f o r 2005), 
such as: expansion of i n t e r n a t i o n a l NCC shed and yard, 
and c o n s t r u c t i o n s of new container f r e i g h t s t a t i o n (CFS). 

3. The number of equipments r e q u i r e d cargo handling 
operation i s b a s i c a l l y s u f f i c i e n t up t o 1995 and small 
increase needed f o r 2005. However, cons i d e r i n g t h a t most 
e x i s t i n g equipment are operated since 1970-an, a large 
scale replacement by new equipments i s needed. These 
purchasing of new equipments w i l l have t o be c a r r i e d out 
p a r t l y by 1995 and p a r t l y by 2005. 

With regard t o the u t i l i z a t i o n of computer s i m u l a t i o n 
modelling i t turned out t h a t t h i s technique o f f e r s various 
outputs which cannot be obtained by applying other technique, 
such as: d e t a i l e d composition of p o r t time spent by ship i n 
p o r t , the i n f l u e n c e of v a r i e d imputs (quay l e n g t h , working 
time, number of crane, e t c . ) , i n f o r m a t i o n regarding cargo i n 
storage, e t c . Even, i n the a p p l i c a t i o n of t h i s technique f o r 
MPT Palembang, i t suggests which p a r t of subterminal quay 
w i l l have to, be extended f i r s t before the other. However, 
t h i s e f f e c t i v e technique should be a p p l i e d c a r f u l l y , 
e x p e c i a l l y i f i t i s assisted by personal computer. The 
s i m u l a t i o n program should not be developed t o the extent 
t h a t : ( I ) i t can not be accomodate by the personal computer 
capacity, and ( I I ) i t takes a considerable computing time. 
For example, i n order t o maintain the d e s i r e d outputs, the 
IBM PC-AT computing time of the 3/4-years s i m u l a t i o n time of 
MPTSIM model f o r the 2005 s i t u a t i o n i s approximately 2 hours. 
Whereas, the s i m u l a t i o n time of 3 1/4 year i s r e q u i r e d so as 
t o get s t a t i s t i c a l s i g n i f i c a n t outputs. I n summary, i n the 
a p p l i c a t i o n of s i m u l a t i o n technique using personal computer, 
there i s s t i l l a s t r i c t t r a d e - o f f between the great d e t a i l e d 
outputs and the l i m i t a t i o n s imposed by the personal computer 
capacity. 
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A l . Maritime P o l i c y 

1. Background 

Being the l a r g e s t archipelago country i n the world, sea 
t r a n s p o r t a t i o n plays a very important r o l e i n i n t e r - i s l a n d , 
as w e l l as i n i n t e r n a t i o n a l trade i n Indonesia. Meanwhile, 
the i n c r e a s i n g volume of trade as a consequence of• the 
grawing economy means a grawing i n f r a s t r u c t u r a l requirement 
also, i . e . : p o r t s , vessels, acces channels e t c . However, the 
s u f f i c i e n t funds needed t o keep pace w i t h t h a t t r e n d i s not 
always a v a i l a b l e since the beginning of t h i s decade (see 
Annex A4). Only r e h a b i l i t a t i o n programmes can be c a r r i e d out. 
Whereas, capacity enlargement programmes are c a r r i e d out only 
i f b o t t l e n e c k s i t u a t i o n s occur. I n other words, an o v e r a l l 
p o l i c y t o guide maritime development was l a r g e l y absent. To 
overcome t h i s , the Government of Indonesia has formulated a 
complete r e s t r u c t u r i n g of the maritime sector, i n c l u d i n g the 
so-called I n t e g r a t e d L i n e r System (ILS) and the Gateway 
concept. A b r i e f d iscussion of these concepts i s given below. 

2. I n t e g r a t e d L i n e r System (ILS) 

This system aims a t an increase of e f f i c i e n c y , 
e s p e c i a l l y i n domestic ( i n t e r - i s l a n d ) sea t r a n s p o r t a t i o n . 
This w i l l be achieved by means of the a l l o c a t i o n of s p e c i f i c 
f u n c t i o n s and r o l e s t o the ports and vessels. The ports which 
serve t o domestic t r a d e , t h e r e f o r e , w i l l be r e c l a s s i f i e d i n t o 
two s t a t u s . The p o r t of a r e g i o n a l centre becomes a t r u n k 
p o r t , and other p o r t s i n t h a t r e g i o n become feeder p o r t s . A 
regular l i n e r s e r v i c e w i l l operate between tr u n k p o r t s . 
Feeder services t o and from t r u n k p o r t t o t h e i r a l l o c a t e d 
feeder p o r t s , w i l l be done by l o c a l shipping, which w i l l not 
be permitted t o operate between t r u n k p o r t s . 

This system, t h e r e f o r e , w i l l lead t o a more economic 
r o u t i n g of shipping, optimum f l e e t s i z e , higher load f a c t o r , 
and as a r e s u l t , minimum cost of i n t e r i s l a n d i n Indonesia. 

2 . Gateway Concept 

This concept aims at an increase of e f f i c i e n c y , 
e s p e c i a l l y i n i n t e r n a t i o n a l sea t r a n s p o r t a t i o n t o and from 
Indonesia. This w i l l be achieved by means of chann e l l i n g of 
a l l i n t e r n a t i o n a l general cargo through 4 ( f o u r ) selected 
Gateway p o r t s , i . e . : Tanjungpriok ( J a k a r t a ) , Belawan (Medan), 
Surabaya and Ujungpandang. The p r i n c i p l e of t h i s concept i s a 
t h r e e - t i e r e d system devised f o r c o n s o l i d a t i o n and 
d i s t r i b u t i o n of import and export general cargo. I n the f i r s t 
t i e r , l a r g e ocean-going vessels t r a n s p o r t cargo t o and from 
f o r e i g n p o r t s through one of the four gateway p o r t s . Thus, 
a l l i n t e r n a t i o n a l general cargo w i l l be concentrated i n these 
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four p o r t s . Associated w i t h each gateway p o r t i s a 
geographical 'h i n t h e r l a n d ' . (see f i g u r e A,1-1) . i n the second 
t i e r , the cargo w i l l then be channelled t o or from the so 
c a l l e d c o l l e c t o r p o r t s . A l l c o l l e c t o r ports are t r u n k p o r t s , 
however not a l l trunk ports are c o l l e c t o r p o r t s . The p o r t of 
Palembang i s one of the c o l l e c t o r ports of Tanjungpriok 
gateway p o r t . The shipping o p e r a t i o n between gateway p o r t ( i n 
t h i s study: Tanjungpriok) and i t s c o l l e c t o r ports ( i n t h i s 
study: Palembang) i s c a l l e d s h u t t l e service i n t h i s concept. 
The t h i r d t i e r of t h i s system consists of the t r a n s p o r t a t i o n 
of i n t e r n a t i o n a l general cargo from the c o l l e c t o r ports t o 
the s o - c a l l e d feeder p o r t s , and v i c e versa. 

The implementation of t h i s concept i s expected t o b r i n g 
a more economic r o u t i n g of i n t e r n a t i o n a l shipping, optimum 
f l e e t s i z e , higher load f a c t o r , and as a r e s u l t , minimum cost 
of i n t e r n a t i o n a l shipping t o and from Indonesia Beside those, 
i t w i l l lead t o the f o l l o w i n g e f f e c t s : ( I ) more d i r e c t 
i n t e r n a t i o n a l shipments i n l a r g e r q u a n t i t i e s by means or 
l a r g e r vessels. Thus, o b v i a t i n g the necessity of having 
transhipment i n Singapore, ( I I ) increase i n u n i t i z a t i o n of 
i n t e r n a t i o n a l cargo. 

3. Port Status 

According t o the above systems, the general cargo p o r t s 
are r e c l a s s i f i e d i n t o 4 s t a t u s , i . e . : Gateway p o r t , c o l l e c t o r 
p o r t , (non c o l l e c t o r ) t r u n k p o r t and feeder p o r t . The 
hierarchy of f u n c t i o n a l l y independent p o r t s according t o 
t h e i r s t a t u s i s given below. 

Gateway p o r t 

C o l l e c t o r p o r t 

Trunk p o r t 

Feeder p o r t 

s h u t t l e 
s e r v i c e 

t r u n k 
service 

feeder 
se r v i c e 



Figure A - l . l Feeder areas of oceangoing general cargo 

showing the Gateway and C o l l e c t o r Ports 

B e l a w a n a r e a Belawan : Gateway Port 

A l l other p o r t s shown ar 

c o l l e c t o r p orts 

P r i o k A r e a 

U j u n g P a n d a n g a r e a 

S u r a b a y a a r e a 
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A2. Trade P o l i c y 

1. Background 

Since the beginning of t h i s decade, the world economic 
recession has given r i s e t o a zero or even a negative growth 
r a t e i n most developing and many developed c o u n t r i e s . . .The 
economy growth r a t e of Indonesia i n 1982 was only 2.2%, the 
same as the p o p u l a t i o n growth r a t e , a f t e r 7.9% i n the 
previous year. A number of short-term measures such as: 
currency d e v a l u a t i o n , tax reform, project/expenses 
rescheduling has been taken. The d e v a l u a t i o n of Indonesian 
currency was also meant t o make the Indonesian export 
commodities more competitive i n the i n t e r n a t i o n a l market. 
These measures have r e s u l t e d i n a growth r a t e of 4.1% and 
6.1% i n 1983 and 1984 r e s p e c t i v e l y . 

However, the world economic s i t u a t i o n i n 1985 
experienced d e c e l e r a t i o n . World demand f o r the commodities of 
developing c o u n t r i e s decreased d r a s t i c a l l y , as d i d t h e i r 
p r i c e s . The widest and deepest impact t o the Indonesian 
economy was the o i l p r i c e c o l l a p s e , from 25 US $ t o less than 
10 US $ per b a r r e l , w i t h i n j u s t a few months. This i s because 
almost 55% of government revenue, and close t o 70% of export 
revenue, came from o i l and n a t u r a l gas. As a r e s u l t , the 1985 
Indonesian economy growth r a t e was only 1.9%. 

Apparently, the short-term measures such as devaluation 
or expenses rescheduling was not s u f f i c i e n t . The long term 
s o l u t i o n became i n e v i t a b l e . The decreasing revenue from one 
commodity has t o be compensated by an other commodity, 
although i t was not easy. The promising s u b s t i t u t i o n was the 
manufactured product commodity. I f many other c o u n t r i e s also 
took s i m i l a r a c t i o n , t h i s choice would have encountered 
strong competition i n the i n t e r n a t i o n a l market. Moreover, 
many c o u n t r i e s might have ap p l i e d the p r o t e c t i o n i s m p o l i c y . 
Therefore, the trade p o l i c y has t o be designated t o achieve: 
( I ) domestic product capable t o compete w i t h the imported 
product; and ( I I ) the export commodity become more 
competitive i n the i n t e r n a t i o n a l market. The key t o t h i s i s 
t o improve the e f f e c t i v e n e s s so as t o achieve high e f f i c i e n c y 
i n any sector i n the t o t a l chain of t r a d e , i n c l u d i n g the 
t r a n s p o r t a t i o n sector. This sector has always been pointed 
f o r c o n t r i b u t i n g t o the s o - c a l l e d 'high cost economy', where 
the expenses (thus the p r i c e ) per u n i t output/product i s high 
and, t h e r e f o r e , less competitive. I n t h i s connection, the 
Government of Indonesia since 1985 has issued a number of 
d e r e g u l a t i o n p o l i c y on t r a d e . The most r e l e v a n t l e g i s l a t i o n 
i n p o r t operation was the I n s t r u c t i o n of Indonesian President 
No 4/85 (Inpres 4/85) regarding the p o l i c y t o promote and 
improve the speed of f l o w of goods i n Indonsian ports t o 
support the economic a c t i v i t y . 
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2. Inpres 4/85 

B a s i c a l l y , the Inpres 4/85 i s c o n t a i n i n g the f o l l o w i n g 
measures: 

( I ) I n s t i t u t i o n a l improvement, i n c l u d i n g : 
(a) Ports r e o r g a n i z a t i o n . 

Considering t h a t the p o r t o r g a n i z a t i o n s i g n i f i c a n t l y 
c o n t r i b u t e s t o the e f f e c t i v e and e f f i c i e n t of p o r t 
o p e r a t i o n , the Inpres 4/85, t h e r e f o r e , s t i p u l a t e s the 
r e o r g a n i z a t i o n of the p o r t a d m i n i s t r a t i o n (see Annex 
A4) . 

(b) Custom procedures and documentation. 
In order t o avoid any delays i n the cargo flow 
through the p o r t due t o custom procedures, the Inpres 
4/85 s t i p u l a t e s : 
- No custom i n s p e c t i o n i s necessary f o r export cargo, 

except those cargo, which upon the w r i t t e n 
i n s t r u c t i o n of the Custom and Excise D i r e c t o r -
general, have t o be examined due t o there i s any 
doubt about t h e i r export duty ( a d d i t i o n a l ) or 
regarding the p o s s i b i l i t y of a p r o h i b i t e d export 
cargo. For those export cargo, which get export 
c e r t i f i c a t e , the custom i n s p e c t i o n w i l l be c a r r i e d 
out at t h e i r p o r t of d e s t i n a t i o n . 

- For a l l import cargo shipment of value a t raore than 
US $ 5000, the custom i n s p e c t i o n w i l l be c a r r i e d 
out at t h e i r p o r t of o r i g i n . Whereas other import 
cargo can be inspected i n Indonesian p o r t s . 

(c) Labour r e l a t i o n and r e g a l a t i o n . 
- p o r t labours have t o be reorganized. 
- wages of p o r t labour should be increased. 

( I I ) Operation Improvement. 
(a) Cargo handling a c t i v i t y s h a l l be performed by 

stevedoring company. 
(b) Cargo handling a c t i v i t y i s c a r r i e d i n 3 (three) 

s h i f t s : 
s h i f t I : 08.00 - 16.00 

I I : 16.00 - 24.00 
I I I : 24.00 - 08.00 

( I I I ) Others: 
(a) Port t a r i f f s should be adjusted (Mostly lowered) 
(b) i n t e r i n s u l a r f r e i g h t w i l l be r e g a l a t e d 
(c) Many r e g u l a t i o n s regarding i n t e r i n s u l a r f i s c a l 

c e r t i f i c a t e , l e v i e s of the harbour-master a c t i v i t y 
(PUK), general agent c e r t i f i c a t e (SKU), standard 
p r i c e f o r import cargo (HPI) and c e r t i f i c a t e on 
ship's cargo (Model 5B) have been revoked. This 
d e r e g u l a t i o n measure aims at the ease of shipping 
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procedures. 
For any f o r e i g n shipping l i n e s which has appointed 
the Indonesian shipping l i n e as i t s agent: 
- t h e i r ships can c a l l a t any seaports (not 

nec e s s a r i l y the gateway p o r t s , thus not i n 
conformity w i t h the Gateway concept). 

- t h e i r ships can c a r r y any commodity w i t h o u t any 
volume l i m a t i o n . 
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A3. N a t i o n a l and H i n t h e r l a n d Economy 

1. N a t i o n a l Economy 

World Bank r e p o r t showed t h a t t h e Gross N a t i o n a l Product 
(GNP) o f I n d o n e s i a i n 1983 was about 86.9 b i l l i o n s US $; a t 
which t h e g r o w t h r a t e d u r i n g 1973 up t o 1983 was 6.8% per 
y e a r . The GNP comprixe of Gross Domestic Product (GDP) and 
ne t f a c t o r income. The GDP measures t h e v a l u e o f f i n a l goods 
and s e r v i c e s produced by a c o u n t r y ' s domestic economy. The 
share of a g r i c u l t u r a l i n t h e I n d o n e s i a n GDP i s t h e l a r g e s t , 
amounting t o 23.58 p e r c e n t ( i n 1985). Meanwhile, t h e 
percentage c o n t r i b u t i o n o f m i n i n g & q u a r r y i n g , t r a d e and 
m a n u f a c t u r i n g i n d u s t r i a l s e c t o r s were, r e s p e c t i v e l y 16.2, 
15.4, and 13.5 p e r c e n t . F u r t h e r m o r e , c o n s t r u c t i o n and 
t r a n s p o r t r e s p e c t i v e l y c o n t r i b u t e d about 5.3 and 6.5 p e r c e n t . 
As mentioned i n t h e Annex A2, t h e economy g r o w t h r a t e o f 
I n d o n e s i a i n 1981 up t o 1985 were r e s p e c t i v e l y 7.9%, 2.2%, 
4.1%, 6.1% and 1.9%. 

The u n f a v o u r a b l e s i t u a t i o n o f w o r l d economy mentioned i n 
th e Annex A2, w i l l c e r t a i n l y i n f l u e n c e t h e I n d o n e s i a n economy 
growth r a t e . Based on t h i s f a c t , and t h e assumption t h a t 
I n d o n e s i a succeeds t o overcome t h e i n t e r n a l economic 
o b s t a c l e , t h e g r o w t h r a t e o f I n d o n e s i a n economy d u r i n g n e x t 
decade w i l l be low. That i s , i t i s e s t i m a t e d about 3-5% per 
year d u r i n g t h e f i r s t 5 y e a r s , and over 5% per year d u r i n g 
t h e second f i v e y e a r s . 

2. H i n t h e r l a n d Economy 

The h i n t h e r l a n d b o u n d a r i e s o f a p o r t , t h e o r e t i c a l l y , 
v a r i e s f o r d i f f e r e n t commodities and f o r d i f f e r e n t 
o r i g i n s / d e s t i n a t i o n s . I n t h i s s t u d y , however, t h e f i n d i n g o f 
t h e c o n s u l t a n t has been adopted, t h a t i n g e n e r a l , t h e 
h i n t h e r l a n d b o u n d a r i e s a p p r o x i m a t e l y c o i n c i d e w i t h t h e 
p r o v i n c i a l b o r d e r o f South Sumatra p r o v i n c e . T h i s covers an 
area o f about km2. 

The t o t a l p o p u l a t i o n o f South Sumatra i n 1985 was about 
5.5 m i l l i o n s , a t which t h e p o p u l a t i o n g r o w t h r a t e d u r i n g 1971 
up t o 1985 was 3.36% per y e a r . T h i s h i g h r a t e was a l s o due t o 
t h e s u c c e s s f u l l t r a n s m i g r a t i o n programma. Most people (69.3% 
are engaged i n a g r i c u l t u r a l a c t i v i t i e s p r o d u c i n g r u b b e r 
( s m a l l h o l d e r p l a n t a t i o n s ) , c o f f e e , pepper and f o o d c r o p s . 
About 15% o f p o p u l a t i o n are i n v o l v e d i n t r a d i n g and s e r v i c e s , 
w h i l e 5.5% a r e a c t i v e i n i n d u s t r i e s as w e l l as m i n i n g . 
Based on t h e assumptions t h a t t h e f u t u r e t r a n s m i g r a t i o n 
programme i n t h i s r e g i o n w i l l be l e s s p r i o r i t y t h a n o t h e r 
r e g i o n , and t h e g r a d u a l e f f e c t o f t h e Family programma, t h e 
annual p o p u l a t i o n g r o w t h r a t e i s expected t o decrease 
g r a d u a l l y . That i s , about 3.0% d u r i n g n e x t decade, and about 



2.5% a f t e r w a r d . These lead t o the t o t a l p o p u l a t i o n of about 
7.4 m i l l i o n s i n 1995 and of about 9.4 m i l l i o n s i n 2005. 

The 1984 Gross Regional Domestic Product (GRDP) of South 
Sumatra at c u r r e n t p r i c e was about 3.3 t r i l l i o n s r u p i a s . The 
c o n t r i b u t i o n of a g r i c u l t u r a l , mining, manufacturing 
i n d u s t r i e s , t r a d e , c o n s t r u c t i o n , t r a n s p o r t a t i o n , p u b l i c 
a d m i n i s t r a t i o n and other sector were r e s p e c t i v e l y 16.56; 
16.37, 25.27, 3.73, 4.65, 4.31, and 5.19%. The average annual 
growth r a t e of GRDP during 1979 up t o 1984 was 12%. Except 
f o r mining sector, other sectors increased. I t can be added, 
t h a t the c o n t r i b u t i o n of a g r i c u l t u r a l and mining sectors 
decreased, w h i l e the c o n t r i b u t i o n of the manufacturing 
i n d u s t r i e s and se r v i c e sectors increased s i g n i f i c a n t l y . I t 
means t h a t the l a t e r i s expected t o be more growing and t o 
hold a greater r o l e i n the f u t u r e economy. 

I n the a g r i c u l t u r a l sector, the development plans 
include extension and i n t e n s i f i c a t i o n of a g r i c u l t u r a l area, 
mainly f o r r i c e and foods crops. M i l l i o n s hectares of 
u n c u l t i v a t e d lands can be u t i l i z e d f o r farming and 
p l a n t a t i o n . Swampy can be reclaimed. Medium and small 
i r r i g a t i o n scheme w i l l be developed. Small border p l a n t a t i o n 
of rubber, coffee and coconut t r e e w i l l be encouraged. C a t t l e 
breeding by people w i l l be developed w i t h government aids. 

Coal mining i n Buki t Asam f o r e l e c t r i c a l power p l a n t i n 
Suralaya (West Java) and Bu k i t Asam i t s e l f w i l l continue. The 
coal resources a t B u k i t Asam i s estimated 200 m i l l i o n s tons, 
and a t other area i n South Sumatra i s approximately 10.000 
m i l l i o n s tons of coals w i t h lower q u a l i t y . The other minings 
(and quarrying) c o n s i s t of o i l , gas, t i n , i r o n sand, clay 
limestone e x p l o i t a t i o n s , e t c . 

The annual growth r a t e of manufacturing i n d u s t r i e s 
during 1979-1984 was very impressive, t h a t i s an average of 
8.19%. Furthermore, the establishment i s t h i s sector has 
r i s e n 34.26% from 1983 t o 1984. I n a d d i t i o n , a cement p l a n t 
i n Bataruja w i t h capacity of 500.000 tons per year w i l l be 
developed. 

The t r a n s p o r t a t i o n network such as roads, bridge, 
r a i l w a y s , and r i v e r t r a n s p o r t a t i o n w i l l be improved, upgrade, 
and developed i n l i n e w i t h the economic a c t i v i t y . 

I n summary, based on the p o t e n s i a l r e g i o n a l and the 
previous growth r a t e of GR DP, the prospect of South Sumatra 
seems b r i g h t . Further economic growth r a t e i s expected t o 
take place. 



A4. Port A d m i n i s t r a t i o n 

1. General 

For a d m i n i s t r a t i v e purposes, ports i n Indonesia are 
administered e i t h e r i n group or i n d i v i d u a l l y ; t h a t i s : 
(1) Group of ports under the supervision of Maritime 

D i s t r i c t s . The whole of Indonesia i s d i v i d e d i n t o 9 
d i s t r i c t s . Each m a r i t i m e - d i s t r i c t administers a group of 
ports w i t h i n i t s j u r i d i c t i o n . These p o r t s are g e n e r a l l y 
small p o r t s and are not s e l f s u f f i c i e n t , t h e r e f o r e the 
Central Government bears a l l cost. 

(2) Group of ports under the supervision of state-owned 
Public Port Corporation. Since 1983, these ports have 
been re-organized and grouped i n t o 4 r e g i o n a l , namely: 
- PPC I , w i t h head o f f i c e i n Medan, administers ports i n 

the r e g i o n a l of western p a r t of Indonesia. 
- PPC I I , w i t h head o f f i c e i n Jakarta, administers ports 

i n the r e g i o n a l of western midle p a r t of Indonesia. 
- PPC I I I , w i t h head o f f i c e i n Surabaya, administers 

ports i n the r e g i o n a l of eastern midle p a r t of 
Indonesia. 

- PPC IV, w i t h head p a r t o f f i c e i n Ujung Pandang, 
administers ports i n the r e g i o n a l of eastern p a r t of 
Indonesia. 
Main Public Terminal, S a i l i n g Vessel Terminal, and 
m i d - r i v e r dolphins are operated by PPC I I branch 
Palembang. 

(3) Special p o r t s , are those which deal w i t h s p e c i a l cargo, 
e.g. petroleum, l i q u i f i e d gas, f e r t i l i z e r , e t c . owned and 
operated by the company concerned. 
The Pertamina's o i l j e t t i e s a t Sungai-Gerong and P l a j u , 
the Pusri's f e r t i l i z e r wharf are example of these p o r t s . 

2. Public Port Corporation I I , brach Palembang 

The o r g a n i z a t i o n s t r u c t u r e of t h i s , i s based on the 
Government r e g u l a t i o n No 11 and 15, year 1983, i n c o n j u n c t i o n 
w i t h the Government Regulation No 5/1985. 

Branch 
Manager 

General A f f a i r 
D i v i s i o n 

P i l o t a g e 
D i v i s i o n 

Terminal 
Service 
D i v i s i o n 

F i n a n c i a l ! 
D i v i s i o n ! 



3. Port A d m i n i s t r a t e r O f f i c e 

Under the Indonesian P r e s i d e n t i a l I n s t r u c t i o n No 4/1985, 
the Port A d m i n i s t r a t o r O f f i c e i s p o r t - o p e r a t i o n Coordinator 
of the f o l l o w i n g i n t e g r a t e d and a s s i s t e d agencies i n the 
p o r t : 
(a) I n t e g r a t e d Agencies: 

1. Harbour Master 
2. Navigational Aids o f f i c e 
3. Sea T r a f f i c O f f i c e 
4. Sea and Coast Guards. 

(b) Assisted Agencies: 
1. Brach of PPC 
2. Custom 
3. Immigration 
4. Port Health Centre 
5. (Livestock & Plant) Quarantine O f f i c e 
6. Port P o l i c e . 

4. Schematic Organizational S t r u c t u r e of Governmental Port-
r e l a t e d O f f i c e s : 

M i n i s t r y of Communication 

D i r e c t o r a t e General of 
Sea Communication 

Board D i r e c t o r s of PPC 

Port A d m i n i s t r a t o r 

i n t e g r a t e d 
agencies 

a s s i s t e d agencies 
other than PPC 

Branch 
of PPC 
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B2. SHIP DATA 
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B l . CARGO THROUGHPUT 

Table B l . l shows the actual 1979/1986 cargo throughput 
of Palembang p o r t , exclude Pertamina's j e t t y . The f i r s t 4 
fi g u r e s (year 1979/1982) are adopted from the consultant 
r e p o r t . Whereas the l a s t 4 f i g u r e s (year 1983/1986) are 
analysed based upon the data gather ed from Port 
A d m i n i s t r a t i o n . The s i m i l a r problem faced by consultant are 
also present i n t h i s a n a l y s i s , such as: 
( I ) most cargo f i g u r e s are i n manifest t o n (metric ton or 

m3, whatever gives the highest revenue), and 
( I I ) the miscellaneous cargoes are sometimes u n p r o p o r t i o n a l l y 

large i n q u a n t i t y . 
To overcome those problem, the consultant's s o l u t i o n are 
appl i e d , t h a t i s : 
( I ) s u b s t i t u t i o n / t r a n s l a t i o n i n t o m e t r ic ton u n i t . The 

cons u l t a n t c l a r i f i e d t h a t normally m e t r i c ton u n i t cargo 
given w h i l e m3 u n i t mostly concern the shipment of timer 
commodities. Therefore a conversion f a c t o r of 0.7 i s 
only a p p l i e d f o r timber commodities. 

( I I ) the disaggregation of the large miscellaneous 
undesignate - q u a n t i t i e s . The e x t r a p o l a t i o n (or 
estimate) are made based upon the percentage l e v e l of 
d i v i s i o n i n the consultant r e p o r t . This disaggregation 
i s also i n accordance w i t h the conversion from p o r t 
grouping t o the standart (ISTS) commodity 
c l a s s i f i c a t i o n . 

Furthermore, the consultant's f i n d i n g regarding the 
physical appearance of each commodity i s also i n d i c a t e d i n 
ta b l e B l . l . 

With regard t o the o r i g i n and d e s t i n a t i o n of cargo, the 
1986 data has been used. Although the O/D of each commodity 
i s not a v a i l a b l e , the t a b l e Bl.2 which gives the general view 
of the O/D separated f o r i n t e r n a t i o n a l and domestic cargo, i s 
nevertheless u s e f u l . 

The r e l e v a n t i n f o r m a t i o n s i n accordance w i t h the study 
area of t h i s r e p o r t are those which concern cargo throughput 
of Main Public Terminal. However there are two problems 
inherent i n the p o r t s t a t i s t i c : 
( I ) cargoes combined on one manifest, but handled a t 

d i f f e r e n t l o c a t i o n / t e r m i n a l are not recorded separately. 
( I I ) cargoes handled trhough quay are sometime not separated 

t o barge/midstream operation. 
Therefore, the f i n d i n g of consultant w i t h regard t o the 
commodity breakdown by cargo handling f a c i l i t y i n 1982 w i l l 
s t i l l be u s e f u l (see t a b l e B1.3). Furthermore, the other 
consultant's f i n d i n g regarding cargo f l o w f o r Palembang over 
pu b l i c f a c i l i t i e s by commodity i n 1982 and shiptype 
p a r t i p a t i o n i n 1982 i s also valuable f o r the t r a f f i c 
f o r e c a s t i n g (see t a b l e B l . 4 ) . 

F i n a l l y , the cargo throughput of Main Public Terminal 
and the container t r a f f i c are given i n the t a b l e Bl.5. 



Table B l . l . A c t u a l 1979/86 Cargo Throughput of Palembang by Commodity ( i n 1000 m e t r i c tons) 

I n t e r n a t i o n a l Cargo 

Commodities Inward Outward 

79 80 81 82 83 84 85 86 79 80 81 82 83 84 85 86 

f e r t i l i z e r — 7 - 19 22 1.5 8.5 1 127 54 26 69 202.5 13 193 414 

cement - 8.5 11 9.5 17 - 1 - - - - - - - - -
timber - 3 2 2 - - - - 580 569 285 196.5 320 342.5 312 374 

sugar 50 51.5 34 48.5 5 - - - - - - - - - - -
copra - - - - - - - - - - - - - — — — 

rubber 5 4 8 6 6 6 5 6 143 145 134 110 144.5 152 165 168 

r i c e 80.5 126.5 34 8.5 41 13.5 3.5 1 - - - - - - - -
sand/stone 13 15 18 16.5 13 12 9.5 12 - - - - - - - -
chemicals 5 6 7 8.5 9 14.5 10 12.5 - - - - - - - -
consumer goods 11 17 20 18.5 17 16 12.5 16 - - - - - - - -
non-ferro 1 2 2.5 2 1.5 3.5 2.5 2 - - - - - - - -
c o a l - - - - - - - - 49 80 38 17.5 131.5 143.5 134.5 64.! 

s a l t - - - - - - - - - - - - - - - -
animal feed - 1.5 2 2 2 2 2 2 10 12 9 6 2.5 3 7 3 

wheat f l u o r 0.5 4 2 - - - - - - - - - - - - -
maize - - - - - - - - - - - - - - - -
c a p i t a l goods 9 11 12 12 12 76.5 32 15 - - - - - - - -
i r o n / s t e e l 6 10 12 3 6.5 14 12.5 7.5 - - - - - - - -
o i l s / f a t s - - - - - - - - - - - - - - - -
c o f f e e - - - - - - - - 64.5 71.5 65 60.5 55 58.5 60.5 81.! 

other food prod . 13 17 18 20 24 19 17.5 16.5 8.5 9.5 7 4.5 3.5 10.5 15 18.! 

l i v e s t o c k - - - - - - - - - - - - - - - -
a s p h a l t 1 7 2 19 9 11.5 28.5 13 - - - - - — - -

S u b t o t a l s 199 291 184.5 195 185 190 146 104.5 982 941 554 464 859.5 713 887 1123.Ï 



Table B l . l . A c t u a l 1979/86 Cargo Throughput of Palembang by Commodity ( i n 1000 m e t r i c tons) 

(continued) 

Commodities 

f e r t i l i z e r 

cement 

timber 

sugar 

copra 

rubber 

r i c e 

sand/stone 

chemicals 

consumer goods 

non-ferro 

c o a l 

s a l t 

animal feed 

wheat f l o u r 

maize 

c a p i t a l goods 

i r o n / s t e e l 

o i l s / f a t s 

c o f f e e 

other food 

l i v e s t o c k 

a s p h a l t 

S u b t o t a l 

Domestic Cargo 

Inward Outward 

79 80 81 82 83 84 85 86 79 80 81 82 83 

12 20.5 46 17.5 31.5 21. 5 49.5 48 1172 1320 1375 1278 1358 

106 78 25 18. 5 20 8 3 7 0.5 3 6 17 13 

41 101 182 112 114.5 112 106 137.5 111 130 157.5 159 221 

25 20 19 4 33 35.5 16.5 7.5 - 5 1.5 3.5 1 

6 3 5 2.5 3.5 2.5 3 - - - — — 

0. 5 1 0. 5 - - - 0. 5 - - - -
33 47.5 102.5 138 96 120. 5 76 119.5 3 9 15 6 1 

19 23 21 20 22. 5 25 36 72.5 4 4 3 2 7.5 

8 9 8 8 9.5 7.5 4 5.5 4 5 5 3 6 

32.5 40 36 35 32 19 23 6 6 6 5 3 7 

10 13.5 12 12 11.5 12 15.5 18 0.5 0.5 0.5 — 1 

_ _ _ — - - - 37 47.5 40 42.5 41 

27.5 20 34 30 31 18.5 30 33.5 0.5 0.5 0.5 - -

3.5 5. 5 5 5 6 6 3 4 - 1 — — 

13 13. 5 18 32.5 39.5 38 28 32 - - — — 

1.5 1.5 0.5 1 1 1 0.5 - - - — — 

15 19 17 16 15 15 11 12 1 1 1 1.5 1.5 

20.5 24.5 22 21 22.5 25.5 35.5 69.5 2 3 2 1.5 4.5 

18 17 16 20 20 13.5 16.5 17 — 

36.5 41 35 33.5 33 31 21 22.5 8 10 7.5 5 20 

1.5 — 1.5 3 2 2 2 2 - — — _ 

- - 8 12.5 29.5 12.5 13 23.5 10.5 4. 5 3 5 3 

430 498.5 614 542 574.5 539. 5 489.5 654. 5 1360 1550 1622.5 1527 1685.5 

84 

1523 

9 

224.5 

1.5 

3 

3 

0.5 

174.5 

1 

1 

1 

4 

4. 5 

85 

1225 

7.5 

185 

7 

2 

3 

3 

0.5 

324 

1 

1.5 

18.5 

2 

4.5 

86 

930.5 

4.5 

191 .5 
2.5 

9.5 

16 

9.5 

1.5 
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2.5 
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Table B l . l . A c t u a l 1979/86 Cargo Throughput of Palembang by Commodity ( i n 1000 m e t r i c tons) 

(continued) 

Commodities 

79 80 

f e r t i l i z e r 12 27.5 
cement 106 86.5 
timber 41 104 
sugar 75 71.5 
copra 6 3 
rubber 5.5 5 
r i c e 113.5 174 
sand/stone 32 38 
chemicals 13 15 
consumer goods 43.5 57 
non-ferro 11 15.5 
c o a l - -
s a l t 27. 5 20 
animal feed 3.5 7 
wheat f l o u r 13.5 17. 5 
maize 1.5 1.5 
c a p i t a l goods 24 30 
i r o n / s t e e l 26.5 34.5 
o i l s / f a t s 18 17 
c o f f e e - -

other food 39 58 
l i v e s t o c k 1.5 -
a s p h a l t 1 7 

S u b t o t a l 629 789.5 

Sub-Total Cargo 

Inward 

81 82 83 84 85 86 79 

46 36.5 53.5 23 58 49 1299 
36 38 37 8 4 7 0.5 
184 114 114.5 112 106 137.5 691 
53 52.5 38 35.5 16.5 7.5 -
5 2.5 3.5 2.5 3 - -
8.5 6 6 6 5.5 6 143 

136.5 146.5 137 134 79.5 120.5 3 
39 36.5 35.5 37 45.5 74.5 4 
15 16.5 18. 5 22 14 18 4 
56 53.5 50 48 31.5 39 6 

14. 5 14 13 15.5 18 20 0.5 
— — - - - - 86 
34 30 31 18.5 30 33.5 0.5 
7 7 8 8 5 6 10 
20 32. 5 39.5 38 28 32 -
0.5 1 1 1 0.5 - -
29 28 27 91.5 43 27 1 
34 24 29 39.5 38 77 2 
16 20 20 13.5 16.5 17 -
_ - - - - - 64. 5 
53 53.5 57 50 38.5 39 16.5 
1.5 3 2 2 2 2 -
10 31.5 38.5 24 41.5 36.5 10. 5 

798.5 737 759.5 729.5 635.5 759 2342 

Outward 

80 81 82 83 84 85 86 

1374 1401 1347 1560„5 1536 1418 1344.5 
3 6 17 13 9 7.5 4.5 

699 442.5 355.5 541 567 497 565.5 
5 1.5 3.5 1 - — 2.5 

145 134 110 144. 5 152 165 168 
9 15 6 1 - 7 -
4 3 2 7.5 1.5 2 9.5 
5 5 3 6 3 3 16 
6 5 3 7 3 3 9.5 
0.5 0.5 - 1 0.5 0. 5 1.5 

127.5 78 60 172.5 318 458.5 342. 5 
0.5 0.-5 - - - - -
13 9 6 2.5 3 7 3 

1 1 1.5 1.5 1 1 2.5 
3 2 1.5 4.5 1 1.5 6 

— - - 1 18.5 15.5 
71.5 65 60. 5 55 58. 5 62.5 81. 5 
19.5 14.5 9.5 23. 5 14.5 19.5 40.5 

4.5 3 5 3 4.5 6 3 

2491 2186.5 1991 2545 2673.5 2677.5 2625.5 



Table B l . l . A c t u a l 1979/86 Cargo Throughput of Palembang by Commodity and i t s P h y s i c a l Appearance ( i n 1000 m e t r i c tons) 

(continued) 

T o t a l Cargo 

Commodities 

79 80 81 82 83 84 

f e r t i l i z e r 1311 1401.5 1447 1383. 5 1614 1559 
cement 106.5 89.5 42 45 50 17 
timber 732 803 626.5 469. 5 655.5 679 
sugar 75 76.5 54.5 56 39 35.5 
copra 6 3 5 2. 5 3.5 2.5 
rubber 148.5 150 142.5 116 150.5 158 
r i c e 116.5 183 151.5 152. 5 138 134 
sand/stone 36 42 42 38. 5 43 38.5 
chemicals 17 20 20 19. 5 24.5 25 
consumer goods 49.5 63 61 56. 5 57 51 
non-ferro 11.5 16 15 14 14 16 
c o a l 86 127. 5 78 60 172.5 318 
s a l t 28 20.5 34.5 30 31 18.5 
animal feed 13. 5 20 16 13 10.5 11 
wheat f l o u r 13.5 17. 5 20 32. 5 39.5 38 
maize 1.5 1.5 0.5 1 1 1 
c a p i t a l goods 25 31 30 29. 5 28.5 92.5 
i r o n / s t e e l 28.5 37.5 36 25. 5 33.5 40.5 
o i l s / f a t s 18 17 16 20 20 14.5 
c o f f e e 64.5 71. 5 65 60. 5 55 58.5 
other food 55. 5 77. 5 67.5 63 80.5 64.5 
l i v e s t o c k 1.5 - 1.5 3 2 2 
a s p h a l t 11.5 11.5 13 36., 5 41.5 28.5 

Grand T o t a l 2971 3280.5 2985 2728 2204.5 3403 

P h y s i c a l Appearance 

of Cargo (1982) 

85 86 

1476 1393.5 i n bulk or bags of 50 kgs 
11.5 11.5 bags of 42.5 kgs 3 
603 703 sawn timber l o o s e , plywood 2. 5 m 
16.5 10 bags of 100 kgs 

3 - N.A. 

170.5 174 30 b a l e s of 50 kgs on p a l l e t (1.5 tons 

86.5 120.5 bags of 100 or 50 kgs 

47.5 84 b u l k / l o o s e p i e c e s 

17 34 p a r t l y drums, bulk or y e r r y c a n s 

34.5 48.5 mostly loose cargo 

18.5 21.5 i n 90 t s packed together to 3 .8 tons 
458.5 342.5 i n bulk 

30 33.5 i n bulk (DN Caram) or bags of 55 kgs 
12 9 bags of 45 kgs 

28 32 bags of 22.5 kgs 

0.5 - bags of 80 kgs 

44 29.5 loose cargo 

39.5 83 mostly loose p i e c e s 

35 32.5 drums of 200 kgs, p a r t l y deep tariks 

62.5 81.5 bags of 60 kgs 

58 79.5 t e a : bags of 40 kg 
2 2 -

47.5 39.5 drums of 157 kgs 

3313 3384.5 

0^ 
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Table B1.2. O r i g i n & D e s t i n a t i o n of I n t e r n a t i o n a l & Domestic Cargo. 

O r i g i n & Asia Q. 
O 

Destina- Asean Japan Taiwan Europe US 
of others Hong others 

Europe 
others 

I n t e r n a  Singa kong 
t i o n a l pore China 
Cargo 

Inward 
1983 37 . 0 29. 4 14.3 8 .1 2 . 7 5 . 6 1.9 1.1 
1984 36 . 5 8 . 2 33 . 8 4 . 1 - 15 . 3 1 . 0 1.1 
1985 56 . 3 5 . 2 20 . 3 3 . 9 2 . 4 11.1 0 . 1 0.7 
1986 42 . 7 — 22 . 6 9 . 5 - 19 . 4 1.0 4 . 8 

Outward 
1983 8 . 9 39 . 8 8 . 2 9.0 5.1 11 . 4 14 . 1 3 . 5 
1984 7 . 3 26 . 3 14 . 5 7 . 0 7 . 3 14 . 5 20 . 9 2 . 2 
1985 10.0 24.7 18.5 16.2 5.2 10.6 13 . 3 1. 5 
1986 16 .0 14 . 9 14.7 24 . 1 3 . 9 15.4 9.8 1 . 2 

O r i g i n & Sumatera Java 
Destina
t i o n of Bangka/ Pan Others Jakar Sema others K a l i  others 
Domestic B e l i - jang t a rang mantan 
cargo tung Merak C i l a -

cap 
Sura
baya 

Inward 
1984 0.9 - 6.8 39.9 18.7 11.4 21.7 1.2 
1985 0 . 4 2.4 7 . 7 37.5 8 . 0 17.0 25 . 6 1.4 
1986 0.7 1 . 9 10 . 4 44.3 3 . 7 15.9 20 . 6 2 . 5 

Outward 
1984 7.8 0.7 2.5 18.1 57 . 3 5 .1 1 . 3 7.2 
1985 8.7 1. 7 2.5 24.5 50.4 6.6 0 . 8 4.8 
1986 9.2 4.0 2.5 32.0 46. 8 2 . 7 1 . 4 1.4 
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Table &i. 4. Cargo flows for Palembang over public f a c i l i t y , bu commodity in 1982 (LOOP metrin t-.nnsl 

Boom Baru Midstream 
total 

c a r g o in out in out cucax total 

O.a RLS Lok. Khs. O.G. RLS Lok. Wis. O.G. RLS Lok. Khs. O.G. RLS Lok. Khs. O.G BLS Lok. Khs. a l l 

f e r t i l i z e r s 19 9.5 _ _ 3 _ - _ _ - _ - _ 19 9.5 3 31.5 
cement a; e - - - 1 - - - - - - 12 - 9.5 6 13 - 28.5 
sugar 28f - - - 0.£ 20 - - - - - 48.5 - 0.5 - 49 
r i c e Bi 4S5 24 - 2 - - - - 45 - - • - 8.5 47.5 - 69 125 
s a l t - 5 - - - - - - - 8 - - - - - - - 13 - - 13 
animal feed 2 - 1 - 6 - - - - 1 1 8 1 2 - 11 
wheat f lour - 2 23 - - - - - - - 5 - - - - • - 2 28 - 30 
coffee - - - 6 - - - - - - - 54 - 60 - - 60 

consumer goods 10 7.5 4 - - - - - 8.5 8 6.5 - - - l.£ — 18.5 15.5 12 - 46 
non ferro 2 6 3 2 6 3 - 11 
c a p i t a l goods 4 4 1.5 - - - 0.5 8 6.5 2.5 - - 1 - - 12 11.5 4.5 - 28 
i r o n / s t e e l - 5 13 - - - - - 3 2 3 7 13 - 23 
oth. food product 5 9 10 - - - 0.5 15 4 3 - 5 1 0.5 25 14 14 - 53 

chemicals Si 1.5 1.5 - - 1 - - - 2 1 - - 1 - - 8.5 5.5 2.5 - 16.5 
o i l s and f a t s - 3 5 10 3 5 10 18 
asphalt 19 2.£ 7 3 - - 1 4 -• 19 10.5 7 - 36.5 

timber 2 _ _ - _ 3. 1.5 - - - _ - 40 10 25 10 42 13 26.5 10 91.5 
coal 17 10 - - 17 27 
copra 0.5 - 0.5 
rubber 6 - - - 6- - - - - - - - 104 - - - 116 - - 116 
sand/stone 4.£ 4.5 11 - - 2 2 - 12 16.5 6.5 13 - 36 
l ivestock 3 - 3 

to ta l 128.5 U l 76.5 34 18 8 9 - 66.5 38.5 22 45 213 14 43 27 426 171.5 150.5 106 854 

I' 

^ ^^•3- ColWBOaitY hreaMgwn hv cargo hnnr^Mn^ fac i U f v 
1982 noon metric t-nnQl 

Cargo 
Bocro Baru Prahu /Lokal Midstream Special T o t a l 
in out •in out in out in out in cut 

ferti l izers 28.5 3 8 7 
V37 36.5 V37 36.5 1347 

cement 15.5 1 12.5 4 - 12 - - 28 17 
sugar 28.5 0.5 4 3 20 - - - 52.5 3.S 
rice 78 2 23.5 4 45 - - L46.5 6 
salt 5 - 4 - 8 - 13 _ 30 
aninal feed 3 6 2 - 2 - - _ 7 6 
wheat flour 25 - 2.5 - 5 - - _ 32.5 
maize - - 1 - - _ _ 1 
coffee - 6 - - - 54 _ 60 
subtotal 185.3 18.5 57.5 18 SO 66 13 3;337 334 

1,439.5 

21.5 - 9 1.5 23 1.5 - - 53.5 3 
non ferro U - 3 - - - - - 14 
capital goods 9.5 0.5 1.5 - 17 1 _ 28 1-5 
ircn/steel 18 - 1 1.5 5 - _ _ 24 1.5 
oth. food product 
excl. coffee 

24 O.S 7.5 3 22 6.5 - - 53.5 10 

subtotal 84 1 22 6 67 9 - - 173 16 
chanicals U .5 1 2 1 3 1 _ _ 16.5 3 
oils and fats 18 - 2 - - - - 20 
asphalt 21.5 - - - 10 5 _ 31.5 5 
subtotal 51 1 4 1 13 6 68 Q 
timber 2 4.5 - - - 85 U2 264 114 353.5 
coal _ _ 

27 33 coal 27 
- 33 - 60 

copra 0.5 - 2 - - - - _ 2.5 
n±ber 6 6 - - - 104 - _ 6 UO 
sand/stone 20 4 4.5 - 12 - _ 36.5 4 
livestock 3 - - - _ _ 3 
subtotal 31.5 14.5 6.5 - 12 216 112 297 162' 527.5 

GRSND TOTAL 350 35 90 25 172 297 125 1.634 737 1̂ 91 



Table B 1.5. Cargo Throughput of MPT 

1. General Cargo 

I n t e r n a t i o n a l Domestic 

.Import .Export . . Sub .Inward .Outward. Sub 

t o t a l t o t a l 

1974/75 83 0 83 100 13 113 

1981 132 5 137 • 288 37 325 

1982 128 18.5 146.5 222 16.5 238.5 

1983 137 267.5 

1984 105.5 20 2 

1985 89 212 

1986 59 19 78 198 19.5 217.5 

2. Conta i n e r T r a f f i c 

Year ton TEU 

1982 

1983 

1984 6.817 1.154 

1985 11.169 1.624 

1986 1 4 . 5 0 0 2 1 4 0 

( i n 1000 MT) 

T o t a l 

I n . Out . Grand 

t o t a l 

183 13 196 

420 42 462 

350 35 385 

404.5 
307.5 

301 

257 38.5 295.5 

1 



F t o w OF INCOMING CARGO 
( B U L K OIL EXCLUDED ) 

E23 SAILING VESSELS 

FLOW OF OUTGOING CARGO 

( B U L K OIL E X C L U D E D ) 

ESa OCEANGOING 
CD INTtRINSULAR/LOCAL VESSELS 
E3 BARGES 
EZ3 SAILING VESSELS 

f i g u r e B l . l 

THE PORT OF PALEMBANG 
INCOMING AND OUTGOING CARGO FLOWS 



pon or calemcang 
actuai -'979/1956 largo T-rougnpui 

• 4 0 0 0 

imp 

(000 tons) 

30001-

2 0 0 0 

1 0 0 0 

+• 

I.d -j.a 

..•+•-.. 

Jl. 

^' • S' 

total 

i 

1979 1380 ''.>31 1 9 6 2 •383 •-?84 1386 1936 

vear 

f i g u r e B1.2 Actual 
cargo throughput 8ï 
s h i p c a l l of Palem
bang p o r t . 

port of palePTibang 
1983/1986 snipcair 

6 0 0 0 

'SOOO 

jnit 

40001-

3000 

2000 

1 0 0 0 

— 

10 

port of paiembang 
1983/86 ship's gn 

M i i i o r a i a r t 

1 9 8 3 1 9 8 4 1985 '985 1983 1984 1985 1 9 8 6 

••-A-" 

samudra 

nusantara 

lokal 

sailing vsl 

khusus 

tanker 

total 

year year 



smgapu'a 4£.7"'i o**' asean 14.9»/. 

1986 O&D 
pon CT paiemoang p o n 

;f outward domestic cargo 1986 C&D 
t palerncang 
inwara domesi:: :argc 

other lava 1 5 . 9 % 

3nTg.c:c.2.'Dy 3." 

other j a v a Z7r'o 

k a l m a n t a n 1.4% 

others 1.4% 

baJT»(a&belit 9.2% 

cantang 4 % 

:ther aurava 2 . 5 % laKartaimeraK 4 4 . 3 % 

i-a'imantan 2 0 . 6 % 

o n e r s 2 . 5 % 

carrgKaSbeli 0 

pariiang 1.9% 

'^er s u n a t r 10.4% 

lakartaSnwaK 3 2 ! 

f i g u r e B1.3 O r i g i n & D e s t i n a t i o n of i n t e r n a t i o n a l 
and domestic cargo through p o r t of 
Palembang. 



B.2 SHIP DATA 

1.Ship's A r r i v a l 

The a r r i v a l p a t t e r n of Samudra, Nusantara, Lokal and 
Khusus vessels were analysed by Haskoning using the 1982 
d a t a [ 7 ] . I t s f i n d i n g s were: 

k-value, and rounded t o 

Samudra 1.3 4 1 
Nusantara 1.21 1 
Lokal 1.32 1 
Nusantara 1.12 1 

In other words, they f o l l o w the poisson d i s t r i b u t i o n . 
Furthermore, i t was assumed t h a t the a r r i v a l p a t t e r n o f : 

- Rubber barge i s the poisson d i s t r i b u t i o n , because of less 
scheduled a r r i v a l , and 

- S h u t t l e ship i s the Erlang d i s t r i b u t i o n w i t h high value of 
k, because of more scheduled a r r i v a l . I n the Personal 
Prosim, f o r k value of more than 10, t h i s d i s t r i b u t i o n w i l l 
advisably be replaced by the Normal D i s t r i b u t i o n . 

2. Ship's Length 

The a n a l y s i s of ship's l e n g t h d i s t r i b u t i o n has been 
c a r r i e d out using the 1986 STP sheet data. Unfortunately, the 
separate record of general cargo ships which merely c a l l e d a t 
Main Public Terminal, only gave the average size ( l e n g t h ) , 
not the ship's length d i s t r i b u t i o n . However, the record of 
general cargo ship of each type which c a l l e d at a l l loading 
points i n the p o r t of Palembang, concerning the number of 
ship's a r r i v a l of a c e r t a i n size group, the maximum and 
minimum recorded s i z e , has been summarized i n the f o l l o w i n g 
t a b l e : 

Size (m3) Length (m) Number of ship ' 's a r r i v a l of 
Samudra Nusantara Lokal Khusus 

> 10.000 > 110 276 — — 19 
5001-10.000 80-110 73 22 - 21 
1501- 5.000 50-80 199 240 13 15 
501- 1.500 40-50 278 142 28 38 

< 500 < 40 158 198 340 21 

Minimum recorded l e n g t h (m) : 35 30 25 30 
Maximum recorded l e n g t h (m) : 150 100 80 120 
Average length (m): 64 44 30 60 

Note: the s i z e of ships were recorded i n m3 . IGRT i s equal 
w i t h 2.835 m3. 



Therefore, the histogram of ship's length d i s t r i b u t i o n have 
been developed i n such a way t h a t the average length of ship 
(which was found from the data of ships which moored at Main 
Public Terminal) was maintained. This l e d t o the f o l l o w i n g 
histograms shown i n f i g u r e B.2.2 . 

Furthermore, the ship's length d i s t r i b u t i o n f o r rubber 
barge and s h u t t l e ship ( f u t u r e vessels) were assumed to be 
uniform d i s t r i b u t i o n , where: 

minimum length (m) Maximum length (m) 

Shutt l e ship: 90 105 
Rubber barge: 2 5 3 5 

3. Ship's Cargo 

The 1986 STP data sheet only gave the average value of 
ship's cargo per c a l l . The 1982 data of s e r v i c e time gave 
i n d i c a t i o n t h a t the maximum ship's cargo was not more than 6 
times of the average ship's cargo. Because no other data was 
a v a i l a b l e , the ship's cargo d i s t r i b u t i o n of Samudra, 
Nusantara, Lokal and Khusus have been developed based upon 
those a v a i l a b l e data and using the f o l l o w i n g assumption: 
- the length and the amount cargo of a ship have c e r t a i n l y no 

s p e c i f i c r e l a t i o n s h i p . I n general, they may independently 
and randomly be defin e d . However, i t must be considered 
also, there i s a general r e l a t i o n s h i p between length and 
ca r r y i n g c a pacity of a ship. This could l i m i t the 
independency t o assign amount of cargo t o a c e r t a i n length 
of ship. 

- from i n v e s t i g a t i o n , due t o wide range of ship's length and 
cargo d i s t r i b u t i o n , the length and cargo f o r Samudra, 
Nusantara, Lokal and Khusus were dependent r e l a t i o n s h i p . 

- the assignment of cargo q u a n t i t y t o a group of ship's 
length, range between the appropiate lowest cargo 
( c e r t a i n l y not zero) t o the possible maximum cargo 
( c a r r y i n g capacity l i m i t a t i o n ) . 



The rough estimate of ship's cargo d i s t r i b u t i o n , were 
given below: 

1. Samudra 

Ship's length P r o b a b i l i t y Ship's cargo f a c t o r 
(m) (%) Min. Max. 

35 - 40 30 0.2 0.6 
40 - 50 30 0.2 0.9 
50 - 60 10 0.2 1. 4 
60 - 80 16 0 . 2 2 . 0 
80 - 110 12 0.2 3.7 

110 - 150 12 0.2 4 . 2 

ship's cargo = Mean cargo * ship's cargo f a c t o r . 
(Average) 

2. Nusantara 

Ship's length P r o b i b i l i t y Ship's cargo f a c t o r 
(m) (%) Min. Max. 

30 - 40 45 0.3 0.8 
40 - 50 25 0.3 1.5 
50 - 60 15 0.3 2.5 
60 - 70 8 0 . 3 2.9 
70 - 80 4 0.3 3.9 
80 - 100 3 0.3 5.9 

3.Lokal 

Ship's length P r o b a b i l i t y Ship's cargo f a c t o r 
(m) (%) Min. Max. 

25 - 30 75 0.6 1.2 
30 - 40 15 0.8 1.4 
4 0 - 5 0 7 1.0 2.0 
5 0 - 8 0 3 1.0 3.0 



4.Khusus 

Ship ' s length P r o b a b i l i t y 
{%) 

Ship's cargo f a c t o r 
Min. Max. (m) 

30 - 40 
40 - 50 
50 - 80 
80 - 100 

100 - 120 

20 
35 
15 
20 
10 

0.2 
0 . 2 
0 . 2 
0.2 
0.2 

0.4 
1.2. 
2.6 
3.0 
5.0 

Note: Ship's cargo = Average Cargo * Ship's cargo f a c t o r . 

Purthermore, f o r the f u t u r e vessels (Rubber barge and 
S h u t t l e s h i p ) , the independent r e l a t i o n s h i p between length 
and cargo was assumed, cons i d e r i n g the range of le n g t h and 
cargo i s not wide. 



f i g u r e B.2.1 The i n t e r a r r i v a l d i s t r i b u t i o n of 
Samudra, Nusantara, Lokal and Khusus vessels. 
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f i g u r e B.2.2 The Ship's length d i s t r i b u t i o n of Samudra, 
Nusantara, Lokal and Khusus vessels. 
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B3. CARGO HANDLING OPERATION 

I . Non-container General Cargo Handling [7] 

(1) Handling between ship and apron 
- Generally ship's gear were employed. The mobile quay 

crane were mainly needed f o r a s s i s t i n g ship i n 
case of ship's gear breakdown, and f o r handling 
an occasional heavy u n i t . 

- An average of one gang i s needed per shiphook 
(ship's gear). 

- The number of gangs (ship's g e a r ) , cargo handling 
r a t e , and e f f e c t i v e working hour, w i l l be given 
l a t e r . 

(2) D i r e c t Delivery to Truck (and Barge) 

- Normally no equipment (such as f o r k l i f t t r u c k ) i s 
needed. 

- For every shiphook, one gang i s employed f o r 
truck/barge (un)loading. 

(3 ) Handling betv/een apron and t r a n s i t storage 

- Generally, 3 f o r k l i f t t r u c k were needed f o r 2 working 
shiphook. So, the average i s 1,5 f o r k l i f t 
truck/shiphook. 
Only an estimated 50% of cargo t o be (un)stored, has 
re q u i r e d f o r k l i f t t r u c k assistance. 
With a view to the time needed f o r proper 
maintainance, a f o r k l i f t should not operate more than 
2400 hours per year. 
So, the p r a c t i c a l handling capacity of f o r k l i f t r u c k 
could be set a t 
15 t o n per hookhour * 2400 hrs = 24.000 tons 

1.5 f o r k l i f t / h o o k 
per year per FLT. 
The p r a c t i c a l l i f t i n g c apacity of t h i s equipment 
should be from 2.5 t o 3 tons. Probably about 20% of 
the r e q u i r e d number should be of a heavier type, 5 t o 
7 tons f o r general cargo (container excluded). 

The ship agents use t h e i r own FLT t o suplement the 
p o r t equipment. The c o n t r i b u t i o n of PA's FLT i n 1982 
i s about 40% of use. 

- One gang of labour was needed f o r stacking cargo on 
p a l l e t s on the quay. These p a l l e t s were mored by 
f o r k l i f t t r u c k s t o storage. One gang of labour was 
needed also , i n case w i t h o u t FLT assistance, where 
h o r i z o n t a l t r a n s p o r t take place w i t h handtrucks. 



(4) Stacking Cargo i n Storage 

The cargo i s g e n e r a l l y not stacked on p a l l e t s i n storage 
because d e l i v e r y t o consignee's t r u c k i s non p a l l e t i z e d 
and r e t u r n i n g empty p a l l e t s from the p r i v a t e godown t o 
the p o r t would imply a d d i t i o n a l costs. Therefore the 
cargo was taken from p a l l e t and stacked manually. No FLT 
was needed i n t h i s o peration. 

( 5 ) (Un)loading from/to Truck 

- The (un)loading cargo from/to t r u c k , at the rear of 
the shed or i n s i d e the open storage are, were 
r e p o r t e d l y always done by a manual oper a t i o n . This 
o p e r a t i o n took place i n 15 t o 3.5 tons of cargo. Or i t 
i s equal 12 tons per t r u c k hour. 

- For heavy cargo such as drum, FLT were needed. 

From the cost p o i n t of view, the ship agent prefered: 
- the d i r e c t d e l i v e r y t o t r u c k o p e r a t i o n . 
- the manual operation of handling between apron and t r a n s i t 

storage. 

2. Container Handling [ 7 ] 

(1) Handling between ship and apron was used ship's gear 
( d e r r i c k s ) of s u f f i c i e n t l i f t i n g c apacity t o l i f t f u l l 
c o n t ainer. 

(2) The p o r t own: 1 u n i t of heavy f o r k l i f t t r u c k (top loader 
of 35 tons capacity, 2 u n i t of head t r u c k and 6 u n i t of 
t r a i l e r of 45 tons capacity. These equipment perform 
h o r i z o n t a l t r a n s p o r t from ship-side t o storage yard. Even 
the heavy FLT can do stacking the c o n t a i n e r . I n case of 
heavy FLT breakdowns, or i n peak s i t u a t i o n , one mobile 
crane of 35 tons capacity i s r e q u i r e d f o r t a k i n g the 
container o f f t r a i l e r and s t a c k i n g (the p o r t own 1 u n i t 
of t h i s crane). 

(3) Because of no container f r e i g h t s t a t i o n (CFS), the 
s t u f f i n g and s t r i p p i n g of container were c a r r i e d out n 
the p o r t ' s open storage yard of 10.000 m2. This operation 
can take place e i t h e r by hand or FLT, and the cargo i s 
loaded d i r e c t l y i n t o consignee's t r u c k , which f o r t h a t 
purpose, are parked close-by i n the storage area. 
Thereafter the empty container stacked mostly two, 
sometimes three high. The t r a n e n t time (dwelltime) of 10 
days per TEU i n the p o r t has been adopted. 



(4) Taking i n t o account t h a t each container must be accessible 
f o r s t u f f i n g and s t r i p p i n g w i t h the consignee's t r u c k 
standing near-by, the stacking height of FCL's and LCL's 
i s one high and the area needed per TEU i s 80 m2. 

3. (Un)Loading Operation 

The i n f o r m a t i o n of (un)loading operation was derived 
from STR-3 sheet data (year 1986), and Haskoning's f i n d i n g s 
i n 1982. 

(1) Ship's gear (working ship's crane) 
The number of ship's gear i s r e l a t e d t o the ship type and 
shi p - s i z e . However, f o r s i m p l i c i t y , i t i s assumed t h a t 
the average of ship's gear per ship w i l l be d i s t i n g u i s h e d 
according t o the ship-type. The r e s u l t of an a l y s i s i s : 

Ship-type: Haskoning 
f i n d i n g 
( 1982 ) 

Based on 
1986 STP-3 sheets 

Samudra 
Nusantara 
Lokal 
Khusus 

2 .41 
1.65 
0 .57 
3.43 

1.7 4 rounded t o 2 
2.16 rounded t o 2 
1.16 rounded t o 1 
3.25 rounded t o 3 

(2 ) Cargo Handling Rate 
Cargo handling rates are expressed i n tons per gang-hour. 
Because of no change on the cargo handling o p e r a t i o n , the 
Haskoning's f i n d i n g has been adopted 

Container Breakbuik Bags/ Drums Other 
p a l l e t 

Samudra 31 19 . 5 26 - -
Nusantara - 13 17.3 - 8.7 
Lokal - 12.2 16.3 - 82 
Khusus - - 24 . 5 12 . 3 -
Shu t t l e 90 16.2 31.0 - -
Rbarge - - - - 20 . 0 

(3) Workinq Hour 
A normal working day i s considered from 09.00 hr i n the 
moring t o 18.00 hr i n the evening w i t h one hour lunch-
break. However, the analysis based on the STP-3 sheet 
data show t h a t the e f f e c t i v e working hour are much lower 
f o r a l l ship-type, t h a t i s : 



(3) Workinq Hour 
A normal working day i s considered from 09.00 hr i n the 
moring t o 18.00 hr i n the evening w i t h one hour lunch-
break. However, the an a l y s i s based on the STP-3 sheet 
data show t h a t the e f f e c t i v e working hour are much lower 
f o r a l l ship-type, t h a t i s : 

A v a i l a b l e E f f e c t i v e E f f e c t i v e 
working hour working hour f a c t o r 

per day per day 
(hrs) (hrs) (%) 

Samudra 9 5.7 6 3 
Nusantara 9 5.8 64 
Lokal 9 4.5 50 
Khusus 9 3.1 34 

4 . Mobile Quay-Crane f o r Performance. 

The f o l l o w i n g f i n d i n g s were formulated based upon STP-4 
statement of Usage of Port Equipment, year 1986. 

(1) Number of Crane: A v a i l a b l e , Operation. 
There are 6 cranes, w i t h capacity range from 15 tons 
t o 35 tons, which a v a i l a b l e and operated d u r i n g 1986. 

f i g u r e B3.1 
number c f ope ra t i ng c r a n e s ' c u t o f 6) 

montn 



(2) The A v a i l a b l e Hours and Working Hours of 
(monthly). 

Cranes 

•TionTr 

f i g u r e B3.2 
CDeraiinci nours c f c r a n s s 

avaiiacte 

300'r 
hours 

700 

6001 

500 

400 

300 

200 

100 

/vorKing 

month 

A 
/ \ 

•10 -1 

Note: 
(1) The a v a i l a b l e hours (max.) of one crane per month i s 

about 200 hours. 
(2) The a v a i l a b l e cranes are too heavy f o r loading and 

unloading barge, and a s s i s t i n g a ship i n case of s h i p -
gear breakdown. 

(3) The mobile quay crane are used not only f o r (un)loading 
o p e r a t i o n , but also f o r yard o p e r a t i o n . Thus, the above 
performance record does not show a separate record f o r 
mere (un)loading o p e r a t i o n . 



Boom Baru Quay -

1986 

(1) 

e f f e c t . 

hours 
worked 

hours 

(2) 

no 
gangs 
worked 

gang 

(3) 

loaded 

and 
d i s c h . 

ton 

(4) 

quay 
capac. 
p.month 

m' X hr 

(6) 

t o t a l 
l e n g t h 
of s h i p s 
a t quay 

m' 

(7) 

Samudra 

Nusantara 

L o k a l 

Khüsus 

2138 

1672 

3963 

748 

208 

256 

331 

62 

105.132 

82.790 

59.742 

59.097 

735 26 

24 

6.43a600 

122.32 

11.469 

10.099 

5.598 

T o t a l 306.761 

P r o d u c t i v i t y = 306.761 417.4 = 420 ton p. meter p. year. 

Cource: SPT - 3 sheets 

no. of average quay be r t h average average average 

s h i p s s h i p u t i l i  occup. req.berth b e r t h i n g s h i p 

a t quay leng t h z a t i o n length time load 

s h i p s m' m' X h r % m hr s ton 

(8) (9) = (10) (11) = (12) = (13) = (14) 

(7) : (8) (10) = (6)x 9+5m 10:12 4 7 8 

100% 

190 64 . 4 629.534 9.78 69.4 47.74 553. 3 

259 44.3 617.152 9.58 49.3 • 48.33 319.7 

334 30.2 915.801 14.22 35.2 77.90 178.9 

92 60.85 548.567 8.52 65.85 90.55 642.4 

42. 10 



Boom Baru Quay - Samudra 

e f f e c t . no loaded t o t a l no. of 

hours gangs and le n g t h s h i p s 

worked worked d i s c h . of ships a t quay 
a t quay 

1986 

( i ; 

January 

February 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

October 

November 

December 

hours 

(2) 

111 
40 
223 
202 
255 
121 
137 
165 
370 
124 
167 
223 

gang 

(3) 

16 
6 
24 
16 
23 
13 
11 
13 
15 
12 
25 
34 

ton 

(4) 

3001 
427 
5812 
10297 
13063 
4529 
2519 
6328 
18439 
7270 
16039 
17404 

m 

(7) 

988 
491 
1271 
523 
1144 
997 
1131 
650 
1491 
813 
1179 
1554 

s h i p s 

(8) 

16 
7 
20 
10 
18 
15 
23 
11 
18 
12 
19 
21 

Source: SPT - 3 s h e e t s 

average average 

reqJserth s h i p 

l e n g t h load 

average 

s h i p 

l e n g t h 

m' 

(9) = 
(7):(8) 
61.8 
70. 1 
63.6 
52.3 
63.6 
66.5 
50.2 
59.1 
82.8 
67.8 
62.2 
74.0 

quay 

u t i l i 

z a t i o n 

m' X hr 

(10) 

39900 
20127 
53359 
24526 
52022 
39915 
65403 
24448 
76086 
54097 
72059 
74323 

m 
(12) = 
9+5m 
66.8 
75.1 
68.6 
57.3 
68.6 
71.5 
54.2 
64. 1 
87.8 
72.8 
67.2 
79.0 

ton 

(14) 

187.6 
61 
290.6 
1029.7 
725.7 
301.9 
109.5 
575.3 
1024.4 
605.8 
844.2 
828.8 



Boom Baru 

e f f e c t , 

hours 

worked 

Quay - L o k a l 

no loaded 

gangs and 

worked d i s c h . 

t o t a l 

l e n g t h 

of s h i p s 

a t quay 

1986 

(1] 

hours 

(2) 

gang 

(3) 

ton 

(4) 

m 

(7) 

January 

February 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

October 

November 

December 

421 

336 

353 

637 

578 

297 

485 

284 

300 

276 

142 

177 

19 

24 

17 

37 

58 

32 

49 

17 

17 

31 

16 

14 

5152 

5414 

4469 

5829 

.7658 

3801 

6711 

4098 

4041 

5860 

3440 

3269 

780 

680 

736 

967 

1120 

663 

1106 

656 

893 

1055 

716 

727 

no. of 

s h i p s 

a t quay 

average 

s h i p 

length 

Source: SPT - 3 sheets 

quay average average 

u t i l i - req. b e r t h s h i p 

z a t i o n l e n g t h l o a d 

s h i p s 

(8) 

m' 

(9) •• 

(7) : (8) 

m' X h r 

(10) 

m 

(12) = 

9+5m 

ton 

(14) 

4 T i 

27 

22 

23 

32 

35 

22 

36 

21 

31 

35 

25 

25 

28.9 

30.9 

32.0 

30.2 

32.0 

30.1 

30.7 

31.2 

2ö.a 
30.1 

28.6 

29.1 

64976 

57962 

55086 

86373 

115487 

88360 

97945 

53270 

80089 

88396 

67485 

53572 

33.9 

35.9 

37.0 

35.2 

37.0 

35.1 

35.7 

36.2 

33.Ö 

35.1 

33.6 

34.1 

190.8 

246. 1 

194.3 

182.2 

218.8 

172.8 

186.4 

195,1 

1Ó7.4 

167.4 

137.6 

130.8 



Boom Baru Quay - Khusus 

e f f e c t . 

hours 

worked 

no 

gangs 

worked 

loaded 

and 

d i s c h . 

1986 hours gang ton 

(1) (2) (3) (4) 

January 

February 

March 

A p r i l 

May 

June 

J u l y 

August 

September 

October 

November 

December 

62 
27 
18 
55 
48 
83 
96 
177 
42 
39 
101 

2 
4 
3 
7 
4 
7 
8 
8 
4 
4 
11 

3100 
2500 
1110 
3410 
5000 
4500 
6873 
11350 
5000 
4850 
11404 

Source: SPT - 3 s h e e t s 

.. of average quay average average 

.ips s h i p u t i l i  req. b e r t h s h i p 

: quay len g t h z a t i o n l e n g t h l o a d 

ihips m' m' X h r m ton 

(8) (9) = (10) (12) = (14) = 
(7) : (8) 9+5m 4^8 

10 59.6 50724 64.6 310 
8 48.2 13489 53.2 312.5 
13 48.5 35765 53.5 85.4 
17 55.5 164249 60.5 200.6 
8 74.9 56885 79.9 625 
4 84.2 27420 89. 2 1125 
5 78.4 52926 83.4 1374.6 
8 62.5 52092 67.5 1418.8 
7 67.3 32105 72.3 714.3 
4 66.2 22199 71.2 1212.5 
8 59.8 58713 64.8 1425.5 



5. Cargo Movement through Terminal 

The STP-7b sheet (year 1986), statement of cargo flow 
from and t o shi p , show the f o l l o w i n g f i n d i n g s : 

(1 ) Inbound and Outbound Movement 

Inbound: 

1986 

vessel shed 

13 

100 

100 

yard 

13 

-16 

16 

t r u c k (and 
barge ) 

13 

16 

71 

100 

Outbound: 

t r u c k shed yard vessels 

looi 8.5 

83 

100 .5 100 



(2) Cargo Flow from and to Ship 

S H E D 

S 

A 

M 

U 

D 

R 

A 

N 

U 

S 

A 

N 

T 

A 

R 

A 

-i^ 17.5̂  

7.5̂  

- 16.5? 

Y A R D 

10̂  

20% 

4̂  

TRUCK/BARGE 

72.5 

83.5 

^ 73 

79.5 

L 

O 

K 

A 

L 

-> 33% 

— 3% 
15% 

14-

^ 52 

89 

K 

H 

U 

S 

u • 
S 
DOM 

K 

H 

U 

S 

U 
1 

INT i 

^ 0? 

-> 73? 

\4-

-r 95 

27 

Inbound and Outbound Cargo Movement 
through Ter m i n a l - 1986. 



(3) International and Domestic Cargo through Shed/Yard 

INTERNATIONAL CARGO: 

Yard 

A 
M 

and 
some 

R 
A 

by 
Nu
san
tara 

29? 
17? 

26% 
14% 

K 
H 
U 
S 
U 
S 

I 
N 
T 

0% 
0% 

73% 
0% 

DOMESTIC CARGO: 

and 
some 
by 
Sa
mu
dra 

K 
H 
U DOM 
S 
U 
S 

3? 
0? 

33% 
3% 

-9- 0% 
— 0% 

15% 
- 8% 

5̂  
— 0̂  

International and 
Domestic Cargo 
Movement through 
Terminal - 1986 

6. Dwelltime of Cargo i n Shed/Yard. 

The most r e l e v a n t data concerning the dwelltime of cargo 
stored i n shed and yard, was found i n the STP-6a - statement 
of Usage of Storage f a c i l i t i e s . The f o l l o w i n g f i n d i n g s were 
based upon STP-6a year 1986. 
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Annex C. Future Ship and Cargo Handling Analysis 

C l . Determination of S h u t t l e Ship Size 

C2. Analysis on f u t u r e Cargo Handling 

C3. Analysis of Ship's Cost i n Port 



c . l Size of S h u t t l e Vessel 

From the t e c h n i c a l requirement: l i m i t e d depth of 
e x i s t i n g i n t e r n a t i o n a l t e r m i n a l quay and n a v i g a t i o n a l channel 
along Musi r i v e r , the appropiate max laden d r a f t of s h u t t l e 
should not be more than 7 m. But the r i g h t size of t h a t 
vessel can be estimated roughly from an economic p o i n t of 
view. W i t h i n t h i s study the o v e r i m p l i f i e d cost model has been 
used i n the c a l c u l a t i o n . The assumption are as f o l l o w s [ 7 ] : 
- the ship w i l l only make t r i p s between the gateway p o r t of 

Tanjungpriok and Palembang, and w i l l not be used f o r other 
p o r t s . 

- the s a i l i n g distance Tanjungpriok Palembang i s 345 m i l e s , 
but along Musi r i v e r , f o r 90 m i l e s , the ship i s estimated 
about a t h a l f speed. Therefore the "time o r i e n t e d " distance 
w i l l be 435 miles. The average speed i s 12.5 knots. 

- the average load f a c t o r i s 0.50. 
- the cargo handling speed f o r the average mix of cargo, i s 

estimated i n case of n i g h t work: 2 gangs (crane) * 20 
hrs/day * 50 ton/ghr = 2000 ton/day. 

- No w a i t i n g time f o r b e r t h . 
The cost per ton of cargo c a r r i e d can be c a l c u l a t e d from: 

C/ton = Cp . Tp + Cs . Ts 
L 

i n which: 
Cp = cost per day i n p o r t 
Tp = time ( i n day) spent i n p o r t 
Cs = cost per day at sea 
Ts = time ( i n day) spent a t sea 
L = cargo c a r r i e d 

where: 
Cp = 7 3.61 DWT 0.54 + 0.07 DWT ( i n US $) 
Cs = 115.78 DWT 0 . 53 4- 0.07 DWT 
Tp = 2 * 0.5 * DWT = 0.0005 DWT 

2000 
Ts = M = 435_ 

263 + 0.0048 DWT 263 + 0.0048 DWT 
L = 0.050 * DWT 

Based on those assuption and formula, the c a l c u l a t i o n of 
C/ton as f o l l o w s : 



DWT Cp Tp Cs Ts L C/tor 
(US $ ) (day) (US $) (day) (ton) (US $/ton) 

1000 3138 . 5 0.5 4574 . 4 1.62 500 17.96 
2000 4601 . 6 1.0 6644 . 0 1 . 60 1000 15.23 
3000 5763 . 7 1. 5 8273.2 1 . 57 1500 14.42 
4000 6767 . 1 2.0 9671.3 1.54 2000 14.21 *) 
5000 7667 . 8 2 . 5 10920 . 3 1. 52 2500 14.31 
6000 8494 . 9 3.0 12062 . 7 1. 49 3000 14.49 

From the t a b l e above, the economical shipsize i s 
t h e r e f o r e 4000 DWT, which has the f o l l o w i n g p h y s i c a l 
p r o p e r t i e s : 

- average l e n g t h = 100 m 
- loden d r a f t = 6.5 m 



I 

1 
C2. Future Container Handling Operation 

Port o p e r a t i o n system can be described as an 
[ a d m i n i s t r a t i o n of p o r t f a c i l i t i e s (space and equipment) and 
I o r g a n i s a t i o n of labour; i n order t o f u l f i l l the f u n c t i o n of 

p o r t as a t r a n s f e r t e r m i n a l and an i n t e r i m storage i n t o t a l 
chain of t r a n s p o r t , where goods (and sometimes, passenger) 
being t r a n f e r e d from sea t o land and v i s e versa; by 
performing the i n t e r r e l a t e d management and c o n t r o l of 
l o a d i n g / d i s c h a r g i n g , routing/moving, storing/warehousing, 
r e c e i v i n g / d e l i v e r y of cargo. 

' These a c t i v i t i e s become complicated, e s p e c i a l l y i n the 
general cargo p o r t / t e r m i n a l , due t o the so wide v a r i e t y of 

y packaging form of general cargo, such as u n i t i z e d cargo 
(container, p a l l e t ) , and breakbuik cargo (cases, carton, 
loose drum and heavy l i f t ) , 

i Furthermore, there i s always an i n h e r e n t f e a t u r e of 
cargo handling o p e r a t i o n , t h a t i s an unforeseen, 
unpredictable charges and development i n cargo handling 
methodology and shipping technology. Therefore, i n order t o 
cope w i t h t h i s problem, the one important philosophy i n the 
p o r t o p e r a t i o n design i s the f l e x i b i l i t y . 

I n the MPT t e r m i n a l , there are two major cargo f l o w , 
I namely: cont a i n e r v i a i n t e r n a t i o n a l subterminal, and non-
I container cargo (NCC) v i a e i t h e r i n t e r n a t i o n a l or domestic 

t e r m i n a l . 

The a n t i c i p a t e d f u t u r e cargo handling o p e r a t i o n are: 
' ( I ) the present domestic NCC cargo handling i s expected t o 

continue i n the f u t u r e . 
( I I ) the h o r i z o n t a l t r a n s p o r t of i n t e r n a t i o n a l NCC t o shed 

w i l l f u l l y be a s s isted by f o r k l i f t , and t o yard w i l l be 
c a r r i e d by t r a c t o r - t r a i l e r combination. 

( I I I ) the c o n t a i n e r handling w i l l be i n v e s t i g a t e d f u r t h e r . 

From the q u a l i t a t i v e comparison shown i n the t a b l e 
I c.2.1 (aspect 1 t o 9 are adopted from the c o n s u l t a n t analysus 
I [ 7 ] ) , the Heavy f o r k l i f t system i s the most favourable based 
' on the c o n s i d e r a t i o n t h a t t h i s system i s s u p e r i o r i n almost 

comparated aspects. The important aspect i s t h a t i t i s 
probably the most economical due t o the e x i s t i n g system i s 
the Heavy f o r k l i f t system. 

! The f i g u r e c.2.1 and c.2.2 e x p l a i n the container flow i n 
( the MPT t e r m i n a l [ 7 ] . However i t i s u s e f u l t o incorporate the 

f o l l o w i n g i n f o r m a t i o n w i t h regard t o the Heavy F o r k l i f t and 
t r a i l e r o p e r a t i o n : 
- For t r a n f e r of container between ship and apron, the ship's 

gear/cranes are employed. They are a s s i s t e d by one mobile 
quay crane. 

I - H o r i z o n t a l t r a n s p o r t of container between quay and 
1 container (storage) yard and between CFS and CY i s c a r r i e d 



out by a t r a c t o r t r a i l e r combinations. 
- Heavy F o r k l i f t s c a r r y out the stac k i n g of container i n CY. 
- S t u f f i n g and s t r i p i n g of container (which remains on the 

t r a i l e r ) can be performed i n the yard or one side of the 
CFS shed. 

- V e r t i c a l movement of cargo f o r loading/unloading of the 
t r a i l e r ( t r u c k ) i s c a r r i e d out by f o r k l i f t t r u c k s . 

With regard t o the time needed, the f o l l o w i n g f i g u r e are 
given based on the co n s u l t a n t r e p o r t [ 7 ] : 
1. 1 cycle: stack t o t r a i l e r by FLT = 2.5 minutes. 
2. 1 cycle: stack - t r a n f e r p o i n t by FLT = 3.0 minutes. 
3. 1 cyc l e : stack - quay - stack of 

t r a c t o r + t r a i l e r i n combination 
w i t h FLT =6.0 minutes. 

R e c a p i t u l a t i o n of cyc l e times: 

STACK 
F L T J < > SLTö'. ^fQUAY 

2.5 min. 6 min. 

FLT 
STACK 

9 4; 
3 min. 

^ 9 TRANSFER POINT 
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f i g u r e C2.1 Basic flow of LCL/ 
FCL/MT. containers. 
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f i g u r e 02.2 Q u a l i t a t i v e container flow 
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C3. Hourly Ship's Cost i n Port 

The graphs which showed r e l a t i o n s h i p between d a i l y ship's 
cost i n p o r t and i t s corresponding s i z e (DWT) have been set 
up by Haskoning [ 7 ] . Based on these graph, the equation of 
hourly ship's cost i n p o r t as a f u n c t i o n of i t s corresponding 
size ( l e n g t h ) has been developed, using the f o l l o w i n g 
assuptions: 
- Samudra, Nusantara, Lokal and Khusus f o l l o w the graph, of 

general cargo s h i p , whereas the s h u t t l e ship f o l l o w s the 
graph of container ship. The cost of rubber barge was based 
on the r e n t a l p r i c e of an e q u i v a l e n t size of barge i n South 
Sumatra. 

- the cost of approximately 25% higher than the 1983 
Haskoning's assesment has been taken. 

The equations were: 

1. S h u t t l e s h i p : Y = 6.25 * x - 345 

2. Non S h u t t l e s h i p : 
X < 60 Y = 3.10 * X - 74 

60 < X < 100 Y = 2.20 * X - 20 
X > 100 Y = 6.70 * X - 470 

3. Rubber barge Y = 5.00 

Where: Y = hourly ship's cost i n p o r t (US $) 
X = ship's length (m) 
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MPTSIM Program 
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n a O E L M P T S I M 

M O D D E F I N E 

[01 1 DEFIHITIOH S E C T I O » 

111 

[ : i COnrONEHT : PORTAOn SURVETDR 

t s i OASS : BEKERATOR 5 H I P I 3 0 0 ) C A R 6 0 I I O O O I 

141 OtlEUE : P R E A R R I V A L K A I T I H E R O K 0IIA(t2] 

t S ! I K P U T S T R E A I I : D A T A P O R T 

t i l O O T P U T S I R E A B : «ESÜIT 

171 «AMDBStREAII : 1 K I A R R 1 7 1 S L E H S T H I 2 1 SCARE0t2) U N 1 F 1 2 2 1 

I S l T i t iEumi : HOUR 

m 
1101 A T T R I B U T E S O F BAIM I 

t i l l REAL : IKTtOATLEHeTH DOnOUAtLEKETK FREEDUAyi21 

t i n R E A L : CARE0 [ K S H C g i 3 I CARE0IKT«RDt3I 

t i l l R E A L : VIASKEDt2,31 VIArAR0f2,31 

t l41 REAL : RUKTIHE SUERUKTlnE RUKIKTIRE 

t t s i R E A L : H0Ii,201 S L U , 2 0 1 S C [ i , 2 0 I e T l i , 2 C I B0t i ,201 

t i i i REAL : TKOtl l T S L I i l T S C I i l T B T I t l T B D R C & l TOTiOR[201 AVTBOft 

t n i REAL : T K T l l l T K U l i l TUT l t l TLTI&l T I T t i l T P T l i l TCDIEl 

t i s i IHTECER : HOfiUH T E A R R U K T O T B E H TOTSHIPT'PE KSSt i , 21 KS0t71 

t i ? i IKTESER : SR 0 H I J K L n N 0 P DUATCRANE FREEOUATCRANE 

1301 R E F E R E K C E TO CEKERATOR : EENt7] 

1211 REFEBEHCf TO S E T : S H O T T L E S E T MHSKOiaESET CRANSSHIPSEt B A T S T O P S H H ^ E T 

[22] ATTRIBOTES Of SERERATOR i 

t331 REAL : ARtI ARR2 SLI SL2 SCl SC2 HEAKCARGO 

1241 REAL : GEHIHTARR E E K L E H E T H EEKCAREO EENIKBOOKO EEKIKCOKTAIKER 

1231 REAL : E E H C D H T G E H P A L L E E N E U L I E E K E A E S E E N O T H E R GENOUTEOIinillER 

[2bl REAL : EEKCDKTRATE E E H P A L I R A I E EEKBÜIÜRAIE EEHBABSRATE EEKDTBERATE 

[271 REAL : EHCirlKSHED GRCCIKVARD EHCOUTSHEO EKCOUTTARD 

t2Bl R E A L : E C O K I H S H E I SCOKIKTARD GCOOUTSHEI EtOOUTyARO 

12V1 R E A L : G E K K O D R E E H U H H O O R GEHKDRItHOUR G E K E F F K O R K 

i : c i I K T E E E R s KQGEK EEKKD 6 E N P R I 0 R G E H T R A D E EEHRAKOOn 

1311 C H A R A C T E R I 9 I : BERTtPE 

1321 A T T R I B U T E S D F S H I P : 

1331 REAL : 5HIPLENETH REOUATLEKSTH S H I P C O S T SHIPCAREO FOI I 

1341 REAL : SHIFIKBOOKDCAREO SHIPOUTBOUKDCARGO IHBOUKDCARED DUTEOUKDUREO 

t3S l R E A L : HCCIKSHED KtCIKtARD KCOUTSHEt KCDUTTARD IHCDIIIAIKER 

I » l REAL I C D H I K S H E D COHIKYARD COOUTSHED COOUTTARD OUTCOKTAINER 

1371 R E A L : KAKOLIHGRATE KORKIHGHOUR EFFKDRKINE KOfteBERTHINETIKE 

1381 REAL : UKLOADIKSPERHOUt LOADIHGPERHOUR OATE TIKE 

1391 REAL : ARRIVALATPORT 5IARTKAlTlHGt31 EKIIKAITIKGt31 KAITINGTlnE 

1401 REAL : nOORmEriHE UKnOORlKETinE L D A D I K E T I H E O H L O A D I H G T I H E I D L E T I K E 

1411 IKTESER : S N SHIPTRADE 5HIPPRIDRITT SUBTERKIKAL 

1421 I R T E G E R : S H I P C R A K E R E O O A T C R A H E A D O O A T C R A K E 

1431 C H A R A C I E R 1 9 1 ! S H I P T T P E 

1441 CHARACTERI4I : C A R E D H A K D L I I I B 

1451 K A C R O : CARSOIH CARGOUT C R A H E P L A K K E R 

14&1 A T T R I B O T E S Of C A R S D ! 

1471 R E A L : AHDUKT D K E L L T I H E STARTSTORAGE B A T E S TIKES 

t4S l I K T E S E R : ROUTE RAHDDKDT 

U S ! ATTRIBUTES OF PORTAIH : 

1 5 0 1 R E F E R E K C E TD SHIP l P A S H I P STOPSHIP 

M O D E L M P T S I M 

M O O M A I N M O D 

UU I PROCESS OF HAIh 

111 

;21 SHUTTLES-T t HEK SET 
13) KOHSHUnLESET » KEK SET 
141 CRAKESHIPSET * KEK S H 
tS l BAISTOPSHIPSET • NEK SET 
161 
17) KORUN * READ FRON BATAPORT 
I B ) TEARRUH > READ FROH BATAPORT 
19) RUKTIHE • READ F R O I I DATAPORT 
(101 ROKIKTIHE • READ FROH DATAPORT 
n i l RUNIKTIHE t 30.0 I F KORÜK • 1 

1121 SR • READ FROIt DATAPORT 

1131 SUBRUHTIKE > 315.0 i SR 
1141 IHHUATLENGTH » READ FROH DATAPORT 

I I S ) D D H D O A U E K E I H > READ FROH DATAPORT 

1161 FREEOUATtl ) <• INTOUATLEKEIH • lO.D 

1171 FREEIIUAn2) » DOHOUATLEHBTH ' l O . C 

H E ) SUAYCRANE > READ FROI) DATAPORT 

119) FREEOUAVCRAHE « SUATCRAHE 

(20) FOR H » 1 TD 22 
121) RESHAPE UIDFIH) AS SAKPLED FROH DISTRIBUTION U K I F O R H blTH P A R A H E T E R S 

LEtOI UBIIOOl 

122) EKO 
123) ID IBEK * READ FROH DATAPORT 
1241 TOTSHIPTTPE <• READ FROH DATAPORT 
125) FOR I • 1 TD TOIEEK 

1261 SENt I ) » «E» SEKERAIOB 

127) THIS EEHERATOR • E E K I I ) 

(231 SEHTïPE * CHEEAD FROH DATAPORT 

( 2 ! ) «OEE» » 1 
(301 EENNO * READ FRDII DATAPORT 

131) GEKTRAOE » READ FROH DATAPORT 
132) EEKPRIOR • READ FROH «ATAPORT 

133) ARRI • READ FROH DATAPORT 
1341 ARR2 * READ FROH DATAPORT 

1351 RESHAPE I K T A R S d l AS-SAHPLED FROH U S T S I B U T I O K KORHAL HITH PARAHETERS 

HEAHIARRII DEVIAIÏ0NlARR2i I F EEKTYPE • • S H U I I U -

1361 RESHAPE IKTARRt I ) AG SABPLEO FROH DISTRIBUTION EIPONENTIAL KITH 
PARAIinER HEAKIARRIi I F EEKTYPE r s H U T T L E -

1371 I F 1GEKTYPE- -SHUTTLE-1'EEKTYPE - -RBAREE-

1381 S L I > READ FROH DATAPORT 

1J9J SL2 • K A D FROH DAHP08I 
1401 RESHAPE S IENGTH( I - 5 I AS SAHPLED FROH DISTRIB'JTION OHIFORH KITH 

PARAHETERS L B I E L I I UBISL2I 

1411 SCI ^ READ FROH DATAPORT 

I42I SC2 ' READ FROH DATAPORT 
l t l ) RESHAPE SCARBOlI-51 AS SAHFiED FROH DISTRIBOTION UNIfORH KITH 

P A R A H E T E R S I B l S C t l UBISC2I 

1441 END 
145) I F (EEHHPErSHUITLE- l -E£NTYPErR8«REE-
1461 REANCARSO » READ FROH DAtAPORI 

1471 EHD 
14E1 EENIKBOUHD t READ FROH DATAPORT 
1491 EEKIKCOKTAIKER * READ FROH DATAPORT 
ISO) EEKOUTCOKTAIHER • READ FROII DATAPORT 
(511 EEHCOKI » READ FROH DATAPORT 
1521 E E H P A L L t READ FROH DATAPORT 
153) EEKBULK * READ FROH DATAPORT 

154) EEKEAES < READ FROH DATAPORT 

1551 BEHOTHERt READ FROH DATAPORT 

[ 5 D I EEKCDKTRATE « READ FROH DATAPORT 
(571 EENPALUiAIE * READ FROH DATAPORT 

15B1 BEHBULKRATE « READ FROH DATAPORT 

159) BENBABSRAIE » READ FROH DAIAPDRT 

160) EEKOTHERATE t READ FROK DATAPORT 
(611 ENCCIKSHED > READ FRON DATAPORT 
1621 ENCCINTARD « READ FROH DATAPORT 
(631 EKCOUTSHED t READ FROH DATAPORT 
(64 ) ENCOUTIARD * READ FROH DATAPORT 
165) ECONINSHED > READ FROH DATAPORT 
(661 GCOKIKtARD • READ FROH DATAPORT 
(671 GCOOUTSHED t READ FROH DATAPORT 
I 6 B I BCODOTIARD * READ FROH DATAPORT 
[691 EEHHOOR > READ FROH DATAPORT 
(701 EEKOKHOOR » READ FROH DATAPORT 
( 7 1 ) EEKKOflfHOOR t READ FROH DATAPORI 
[ /21 EEKEFFKORt » READ FROH DATAPORT 
[731 E E K t l ) t THIS EEKERATOR 

174) ACTlilATE B E W I ) FROH BEKSTART IN BENEBATORHOt 
(751 END 

(761 ACTIVATE PORTADH FROH PA5TABT IN PORIADHHDD 

[771 ACTIVATE SURVEYOR FROH SVYSIAST IN SU8VEY0RHOD 
1701 HOLD ROHTtHE DAVS 

(791 KRITE -RESULT OF RUN NO !-;KOflUH;-YEAR :-;YEARHUN TO RESULT KITH IHABE 
x x x x n i x x x x x x x x x x x x t i x x l x x x x x x x x x > t » x x x 

tSOl KRITE - • TO RESULT KITH IRAGE x 

(811 KRITE - 1 . BERTH U T I L I I A T I O R - TO RESULT KITH IHAEE 
xxxxxxxxxxxxxxxxxxxx 

(821 KRITE - - TO RESULT KITH IRAGE x 

IB31 KRITE -SHIPTYPE HO SHIPCALL SHIPLEKGIH SHIFCARGO EERTHIHGIIHE BOR " 

TO RESUCr KITH IRAGE 

XXXXXXXXXXXXXXXXXKXXXXXXXKXXXXXXXXXXXKXXXKXXXXXXXXXXXKXXXXXXXXX) 

i S ' l " S I T E • (HI (TOKi IKOURSI l O / O r 
TO RESULT KITH IIIAGE 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxrx> 
( E 5 ] FDR L t I TD l O I S H I P n P E 
tS61 KRITE - - TO RESULT KITH IHAEE x 
1871 K81IE -SAHUDRA- TO RESULT KITH IHAEE xxxxxxx I F L = 1 
IBB) KRITE -KUSANTARA- TO RESULT KITH IHAEE xxxxxxxxx I F L > 2 
t S 9 I KRITE - U t A l - TO RESULT KITH IHAGE xxxxx I F C « 3 
190) KRITE -KHUSUS- TO RESULT KITH IHAEE xxxxxx I F L < 4 
n i l KRITE -SHUTTLE- TO RESULT HITH IHABE xxxxxxx I F C ' 5 
192) KRITE - R E A E 6 E - TO RESULT KITH IHAGE xxxxxx I F L » 6 
1931 FOA H > I TO ( 
194) THOILl • THOtLl • KOIL.HI 
[ ? 5 J TSLfL I » T S L I L I > S L ( L , l l l i m t t , f l I 
1961 T S C I L ) < TSCTL) < S C [ l , H ) 4 K 0 I L , H l 
1971 TBT IL I * T B T I L ) . B T l L , H ) i K D t L , H l 
t9G) T E O R I L K T B O R I L I » B01L,fl l>SRxlOO.O 
199) TOTBORIIDfTDTBORlH) t BOtL.HlxSRxlOO.O 

l lOO) KRITE H ; K 0 I l . , H ) > S R i S l [ L , H ) T K O a , r ) ; S C [ L , H l * K O ( L , I I l i f T [ L , H H K 0 1 L , f l l ; 
E O [ l , H ) x S R x | 0 0 . 0 TO RESULT KITH IHAGE 
XKXXXXXXXXKXtXXXXXXtXXXXXXXX.XXIXXXXXXXX.XXfxxxxxxxx,XXIXXXX.XX 

( I O O EKO 
[1021 KRITE - - TO RESULT KITH IHABE x 
11031 KRITE -AVERAGE- TD RESULT KITH IHAEE xxxxxxxxxxxx . 
(1041 KRITE T K D t L ) x S R ; i ; j I S L t L ) « : T S C l L l « ; T B T l L ) « ; T B O ? . l L h k 10 F.ESULI H U B 

IHAGE x x x x x x x x x x x x x x x x x x x i x x x x x x x x . x x i x x x x x x x x . x x i x x x x x x x x . x x i x x x x . x i 
I I O S l END 

11061 KRITE - - ID RESULT HITH IHAGE x 

11071 KRITE -SUBRUH BERTH OCUPAHCY RATIO OF HPT ( O / O r TO RESULT KITH IHAGE 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXI 

1108) FOR N » I TD l; 
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im IF EEKRAHDOn > Bi ( I 2 1 I EEKLEHETH « IDO * 2.2222222xGENR«ll0aH-11 

l i U I F EEHRAHOOH < n [1251 EEHCARGO * HEAHCAREax0.2>0.S33niS3xEEHRAH00H-9I 
H 2 ! BEHLEHETH • 6 0 • I.42B6iiEEHRAHD0H-E£ 1126) EHD 
U J ] SEKCARBD * «EAKCARBD):O.J<0.3714xBEHRANDOH-B6 ( |271 EHD 

[ 6 « END !12Bi END 
[ 6 5 ] I F EEHRANOBH > 93 [ 129 ] END 
1661 IF EEHRANOOH < 97 [130) ENO 
[671 EENLENETH • K t : .3:33xEENRAK00H-9< [ i j i j 
[681 BENCBREO t HEAHCAREOxO.W. •xBEHRAND0H-9< ( i j 2 ) THIS SHIP > NEH SHIP 

[691 END [1331 SHIP I ÏPE * BENTYPE 
(701 I F EEKRAHDOH > 97 [1341 SN • EEHHO ( SH1PNUHBER« 
[711 BEHLENSTH • 80 HO>6ENRAH0OH-9E [1351 SHIPTRADE EENTRADE 
[721 BENCARES ' HEAHCARE0H.3<2.E<EENHAKD0H-9B [1541 SHIPPRIORITY » EENPRIDR 

[731 ENO [1371 SHIPLENBTH t BEHLENSTH 

[741 EHD [13E1 SKIPCARBD • BEHCAREO 

[751 E M [1391 REBUAYLEHBIH * SHIPLEHBTH Of THIS SHIP * 5 .0 I F YEAR8UH • 19E6 
[761 END 11401 REOUAYLENGTH » SHIPLEHBTH OF THIS SHIP I 1.10 I f YEARRUH t 1986 
[771 END [1411 5B1PC0ST • ( 6 . 2 5 x SHIPLENBTH OF THIS S H l P l - 3 4 5 . 0 I F BENTYPE • "SHUTTLE-

(7B1 END 11421 SHIPCOST t 13.10 x SHIPLENBTH OF THIS S H l P ) - 7 4 . 0 I F I6ENTYPE r S K l l T T L E - | ' 

(791 I F EEHIYPE = -LB(:AL- SHIPLENETK Of THIS SHIP ! 60 .0 
( B O ! BENRANDOH • CEILIUNIFINOBEKII (1431 SHIPCOST t 12.20 x SHIPLEHBTH Of THIS S H I P l - 2 0.0 I f (EEHIYPE r S H U T T L E " ) " 

( E l ! I F BENRANDOH i 75 (SHIPLEHBTH OF THIS SHIP > 60.01 -
( 8 2 ! EEHLEHBTH • 25 » 0.Ö675675XBEHRAHD0H-1 SHIPLEHSTH OF THIS SHIP < 100.0 
( E 3 ; BENCARBO » nEAIICAREO>0.60 • O.OOBlOBIOBxBENSANDOH-l (1441 SHIPCOST • 16.70 x SHIPLENBTH OF THIS S H I P I - 4 7 0 . 0 I F (EEHIYPE f S H U T T L E T 

(84) EHD SHIPLENBTH Of THIS SHIP ! 100.0 
(85 ) i f EEKRAHDOH > 75 (1451 SHIPCOST t 5 .0 I F EEKTYPE ' - R B A R E E " 
(86 ) I f EEKRAHDOH < 90 (146) SHIPINBDUHOCAREO t EENIHBOUKD x SHIPCAREO DF THIS SHIP 

[E71 BENLEK6TH » 30 »0.7!42B57xBENRAND0H-76 [1471 SHIPOOTBOOKDCAEBO tSHIPCARBD Df I H I S SHIP-SHIPIKBOUHDCARBO Of THIS SHIP 
[ E E ] EENCAREO • HEAHCARB0x0.8<0.042B571xBEHRAHDDH-76 [ H E ] IHBOUNDCAREO * SHIPIKBOUKDCARED DF THIS SHIP 

I B ? ] END (149) OUTBDUKDCARBOt- SKIPOUTBODNDCARED Of THIS SHIP 
[901 IF EEHRAHOOn > 90 [1501 IHCOHTAIKER « EENINCONTAINEF. 
(911 IF EEKRAHDOH ! 97 ( ( S I T OOTCOKTAINEB t EEKOIITCONTAIKER 
(921 EENLEKETH » 41 .« . ' •1.6.,467x6ENRA«D0ll-91 [1521 [ F EEKTYPE • " S H U n L E -
(931 BEHCABBO « HEANCARBOKUO .166666666X6EKBAND0H-91 REBUAYCRAKE t 0 

(941 EKO (154) SHIPCRAKE » 3 
[93 ) I F BENRANDOH ) 97 [1551 ENO 
(96 ) EEHLEHBTH t 55 • 10xBEKBAN0OH-9B [156 ) I F BENTYPE ^-SAHUDRA-
[971 BEHCABBO • HE»NCARB0xl.l.OOOxBENBAH0OH-9B [157) REIOAYCRAHE » 0 

[ 9 E ) EHD (158 ) SHIPCRAKE » 2 
[991 EHD (1591 EHD 

(1001 EHD [160 ) I F BENTYPE =-HUSAKTARA-

( t o i l EKE 1161) RE9UAYCRAHE > 0 
(102) I F (EEHTYPE=-Y.HUSUS1KT - 1 'BEKTYPE=-P;HUSUSD0H- (1621 SHIPCRAKE • 2 
[1031 BEKBANDOH * C E I L r a N I F I I O l l [[631 EKO 

(1041 I F EENBANDOH ! 20 11641 I f BEKTYPE =-LOKAL-

11051 EENLEKETH • 30 •f0.5263157xEENRAND0H-l (165 ) SEOUAYCRANE * 0 
(106 ) BEHCAREO • HEAHCARED ' 0.2»0.0105263xBEHRANDOIH [1661 SHIPCRAKE « 1 

(107) EHO (1671 END 
( I O B ) IF BEHBAKDDH > 20 ( I 6 B ) ] F EEHTÏPE i^KHUSUSINT" 
11091 I f EENBBKOOH ! 55 (169) BEOUJYCBAHE » 0 
m O ) EENLEKETH • 40 M.294n76>EEKRAND0H-21 [170 ) SKIPCRAHE » 3 
m i ) EENCAREO • HEANCABE0x0.2«0.0235294>BEHBAND0H-21 (171) EHD 

[112) ENS (1721 I F EEHTYPE ^-mUSUSOOH" 

(1131 I F EENBANDOH ) 55 11731 REOUAYCRANE ^ 0 
1114; i f EENBANDOH < 7(1 1174] SHIPCBAHE • 3 
[1131 BEHLENSTH « 5" •2 .H2B:7I<BEKRAK00e-56 [1751 EHO 

[1161 6EKCABBD » HEAKCARE0x0.2tO.1142e57xEEKBAKDOH-56 [1761 I F EEHIYPE =-RBAEÖ£-

[117 ! ENB ( (771 REOUAYCBAHE • ! 
( 118 ) IF EEHBAKDOH ) 70 (1761 SHIPCBAHE * 0 
(1191 I f EEHBAKDOH i 90 [1791 ENO 
(120) BEKLEKBTH • 60 *1.0526316xGEKfiANB0H-71 [ l e o ] BOORIKBTIHE i EEHHOOR 
[1211 BEHCAREO • HEAHCABE0x0.2»O.14736B4xBEKBANDOH-71 [ i s n UHHOOHIHBTIHE * EENUKHOOB 

(122) END (182 ) LOADINBTIBE t 0 .0 
[1231 I F BEHRANOOH ) 90 [183] UKLOADINBTIKE » 0.0 

( IB41 KORKIKBHOUR t BEHKORKHOUR 
U B 5 ) EFFKORKINB 4 BEHEFFKORt 
(1E61 CAR60HAKDL1KB • " K Y E r 
[1B71 CARGDUT • CARB05EKDER 
U B E I CABBOIN t CABEDBECEIVER 
(1891 CBAHEPLAHHEB * CBANEALLOCATION 

[1901 HANDLINEBATE * IBEKCOKTxEEKCONIRfllEHIBENPALLxBENPBLLBflTEl-HBEHBULKx 

fiENBllLHiAT£l*(EENBAE5>EENeASSRATEHEEN0THEB >: EENOTHERATE 
(1911 KORBSERTHIHBTIBE • BOOBIKBTIHE OF THIS SHIP • UKHOOBIKETIHE OF THIS SHIP* 

124iKaBi:iKSHDUB Of THIS SHIPxEfFKORKINE Of THIS SHIPI x 
SHIPCARBD Of THIS SHIPiHAHDLlKERRIE Of THIS SKIP x 
SKIPCRANE Of THIS SHIP » REOUAYCRANE Of THIS SHIP 

(1921 KCCINSHED > EKCCIKSHED 

I193 I NCCIKYARD * BHCtlKYARD 
11941 KCDUTSHED » EKCOUTSHED 

11951 KCOUTYARD < EKCOUTTARD 

(196 ) COKIKSHED • ECOHlKSKe 
[1971 CDKIHYARD < ECOKIKYABD 

[19B1 COOUTSHED » EC0DUT5HED 

1199) COBUTYARD • ECOBUTYARO 

1200) ACTIMTE THIS SHIP FROH SHIPSTABT IH SNIPHOO 
(201) NAIT EEKINTABB 

1202) BEPEAT FROB BEKSTART 



MODEL MPTSIM 
MDD SHIPMOD 

101 I ff.OCESS Of SHIP 

[11 

[21 SHIPSTBHT : 

[ : i EHIER PRESP81VAL 

[41 I f ISHIPTÏPE n ;HUSU5I l lT- l" (SHIPTVP£rKKUSUSD0H-| -SHlPTVPErR!AaBE-

[51 CALL CARSOUI 

161 EHO 
[71 ( A l l 30.0 DAYS 
(31 LEAVE PREARRIVAL 
[51 ARRIVALATPORT Of THIS SHIP • HOH 
U O I NAITIHELIHE : 
[111 EHTER HAITIHERDI 
[121 EHTER SHOTTLESET If SHIPPRIORITY = 5 
[131 EHTER HOHSHUTTLESET I F SHIPPRIORITY * 5 
[141 STARWAITIHBISHIPPRIORITYl OF THIS SHIP » HOH I f SHIPTYPE t "SHUTTLE-
[151 STARIHAIT IHEI I l OF THIS S H I P * NOH I F SHIPTYPE = "SHUTTLE" 
[ I H ACTIVATE PORTADH FROH PASIAST IH PDHTADHHOD I f PDRTADH [S K O I ACTIVE 
[171 PASSIVATE 
[ l E l EESTHIKE: 
[ H I I f REIOAYCRAHE > 0 
t :OI EHIER CRAHESHIPSEI 
C211 CALL CRSHEf LAKKER 
[221 PASSIVATE I f ISHIPCRANE » ADOOAYCRAHE) - 0 
[231 END 
1241 EHTER DOAYISUBTEEHIHALl 
[251 ENDHAITINEISHIPPRIDRIIYI Of THIS S K I P • NDK I F SHIPTYPE rSKUTTLE" 
[2S1 ENDKAIT IKBI l l Of THIS SHIP » KQK I f SHIPTYPE • " S H U T T L r 
[271 EHTER HRYSTOPSHIPSET I f ISÜBTERH1KAL = i rSHlPPRI0RITY<5 

[2B1 KAIT HOORIHBTIHE 

1 2 ! ) KHILE IKBOUKDCAREO ) 0.0 
[301 I f CARBOHANDLINB ="510?-

1311 FREEBUAYCItANE * fEEEBUAYCRANc « ADOUAYCRAHE 

[321 LEAVE CRAKESHIPSET I F REOUAYCRAKE ) 0 

[331 CALL CRAHEPLAHNER I F REOUAYCRANE > 0 

[341 «A1T UHNOORIKSTIIIE 
1351 LEAVE gUAYISUBTERnlKALl 
[ 3 i l FREEMBYISUBTERHIHALl » fEEEOUAY(SUBTERflIHRLI*REOUAYLEHBIH 

1371 LEAVE HAYSTDPSHIPSET I f ISUBTERHIHAL=1)-SH1PPR1DRITY<5 

[3B1 SHIPPRIORITY OF THIS SHIP* SHIPPRIORITY O F I H I S SHIP » 1 

1351 CARE0HAKDL1N6 OF THIS SHIP • " K E i r 

[401 REPEAT FROH KAITINBLIHE 

!411 END 
[421 DATE OF T H I S SHIP * NOK 4 24 .0 
[431 TIHE OF THIS SHIP » HOK - 24 .0 x FLOORIDAIEI 
[441 KAIT 24.0 - TIHE I f TIHE ) KORKIKBKOUR x EFFKORKIKE 
[451 UNLOADINSPERHOUR OF THIS S H P i HAHDLIKBRATE » SHIPCRAKEtADBUAYCRAKE 
ni l INBBUKBCAR6D Df THIS SHIP<INBOUNDCRRBO-UNLOAD1KBPERHOUR 
[471 CABBOIKSKEDCSHtPIRASEl t CARBOIHSHEOISHIPIRADEI ' UNLCACIKEPERHOUR x 

KCtlKSHED > 1.0 - IHCDHTAIKER 
[4S1 CASBDIKYARDISHIPISADEl » CARBOlHYABDISHIPTEiDEI * UNLOAOIHBPERHOUR x 

KCCINYARD x I . C - IHCONIAINER 
[ 4 ; i CASE01NSH£D[31tCAR601KSHED[31*UHLOSDIHEPERHOURxCOKIIiSHEDxlNCOKTAINER 

! : 0 ] CARE01NYARi[31«CARBOIKYARDI3HUKLOADIKEPEEH0US«C0»IHYARDrlKC0HTAIK£R 

[ 5 1 ! KAIT 1.0 
I S ; ] O N L O B D I K E I I H E of T H I S S H I P * U K L O A D I N B T I H E Cf I H I S SHIP * 1.0 
(531 END 
1541 I F IKBOUKDCAREO < 0 .0 
[551 CRRBOIKSHEJISHIPIRADEI * CARB0INSKED[SHIPTEA3EI t IKBOUKDCAREO x 

KCCIKSHED • 1.0 - IHCOKTAIKER 
( 5 6 ! CARE01KYARD(SH[PTRADE1 » CAREOINYARDTSHIPTRADEl • IKEOUNDEARBO i 

NCCINYARD > L O - INCDKTAINER 
:57; CAB601NSHED[3!*CAREO!NSH£D[3HIKBDUNDCAREOxCONIKS.HEDxlHCONTAINEB 
!5t-I CAR60INYBRDI31tCARE01HYABD[31tINBDUNBCARBB>CONINYASDxIKCONTAINEt' 
(5!1 EKI' 
1601 

[ 4 1 ! KHILE 0ÜIB0UNDCAE6D > 0.0 
[421 i r CABEOHANDLIKE ' " S I O P -

F B E E O U A Y C R A N E « fBEEOUAYCBANE « AOOUAVCBAKE 
i 4 » : LEAVE CBANESHIPSEI I f BESUBYCRAKE > 0 
(45: CALL CBAKEPLANNEB I f REOUAYCRANE ) 0 
[441 m\ UNHDOBIKETTHE 
( è ' ; LEAVE DUAYTSUBTERHIKALl 

Ü E ; ffiEEDUAYLSUBIEBHIHAL! ' FREEOUAYLSUBTEEHTKALUBEOUAYLENEIH 
I t s ; LEAVE HAYSTDPSHIPSET I f ISUPTERHlKAL«ir5HlP[RIDRITY<5 
[ 7 0 : SHIPPBIDBITY Of THIS SHIP* SHIPPBIOBITY DF THIS S H I P * 1 
( 7 ! ) CARBDHAKDLINE OF THIS SHIP t " N E I T -
(72 ) REPEAT FBOH BAITIKBLIKE 
:731 EKO 
(741 DATE OF THIS SHIP t NOK i 24 .0 
(751 TIHE OF THIS SHIP t KOH - 24 .0 . FLOQRIDAIE) 

(741 KBIT 24 .0 - TIHE I f T IKE ) KOSHKBHOUR x E-FKÜRHKB 

(771 LOAOIKEPERHOUR OF I H I E SHIP • HCNDLINEEATE x SHIPCRANE^ADDUAYCRAHE 
[7BI OUTBOUKDCABBO Of I H I S SHIP * ODTBOUHDCABEO-LOADIKEPERHOUS 

[ ? ? I CABEOINSHEDISHIPTRADE! <• CABBOIKSHEDISHIPTBBDEl - LOADIKBPERHOUR x 

KCOUTSKED x L C - DUICOHIAINEB 
( 3 C ; CBR601KYBRC[SH(PTRAOE1 <• CiBSOINYABDISHIPIRADEI - LOSDIIiBPERHOUR x 

KCOUTYARD x 1.0 - OUICDNIAIKEE 
( B l ) CABE01KSHED[31tCAREOIKSHED[31-LOADINEPEfiHOURxCOOUTSHEDxOUTCONTAlKER 
[B2] CBRBOIKYARD[31»CAR60INYAROIJl-LOADIKEPERHOURxCCDUTYARDxOUICOHIAlKER 
[ B 3 ] KAIT L O 

1841 LOADINBTIBE Of THIS SHIP » LBADIKBUBE OF THIS SHIP t 1.0 
(051 END 

(B41 CABEOINSHECISHIPTRADEI • CARBOINSHEBISHIPIRADE] - DJIBOUKDCASBO x 

NCOUTSHEB x ( . 0 - OUTCOKTAINES 

(371 CAEEOINYARDISHIPTRAOEI • CABEOINYARDISHIPTRADEl - OUIBOUNDCARBO x 

KCOUTYARD x 1.0 - OUICONIAINER 

[831 CABBOIHSHEDC3HCSREOIKSHEDI31-0UIB0UNDCAEEDXC00UISHEDX0UIC0KTAIKER 

I B ! ! CAfiE0IKYAR0(3]tCABEBINYABD[31-OUTB0UKDCA8BO»CO0UTYAEDxOUTCOHIAlKEB 
[;01 CALL CABEOIK 
[ 9 ] ] fBEEDUAYCBAHE t fBEEDUAYCBANE < ADDUAYCBAHE 
(921 LEAVE CRANESHIPSET t f REOUAYCRANE > 0 
19J1 CALL CRANEPLANNER I f REDUAYCRAKE ) 0 
(941 KAIT UNHOOBIKETIHE 
( 9 5 ! LEAVE 0UAY[SUBIE8B1KAL] 
(941 fBEEBUAYISUBTEBHIKALl (• fBEESUAYISUBTERfllHALl » fSOUAYLEKETH 
1971 LEAVE BAYSIOPSHIPSEI IP ISUBTEBB1HAL=1|-SH1PPRIDRITY<5 

[9B) ACTIVATE P O B I A D H PROB PASTARI IH PORTADKBOD I F POBTADH I S KOT ACTIVE 
(991 
(1001 

(1011 KAI t lHBI IHE Of THIS SHIP* EHOHAITINEdl - S T A R T K A I T I N E d l 

IP (SHIPPRIORITY = 11 • SHIPPRlORI I t = 5 
(1021 I f (SHIPPRIORITY ( U - SHIPPRIORITY / 5 
(1031 fCR E ' 1 TO SHIPPRIORITY 

11041 M I I I K B T I B E DP I H I S SHIP - KAITIHBTIHE • ENCMBIUHBIEl -

S T A R I K A I T I K E I E ) 
(1051 END 
1IG41 BOORIHEIIHE Of THIS S H ! f - (SHIPPRIORITY - 11 i MDBINETIHE 
[ i ; 7 1 UNB00RIK5IIBE Bf THIS S H l f H S H I P P B I O R I I ) - I I ' UKHOORINBTIHE 
11081 END 
(1091 I D L E I I B E OP IHIS SHIP t KOK - ARRIVALATPORT •» KAIT IHSI IHE t 

HOORIKETIHE • UhlOBDIKBTIBE • LOJDIHETIHE t UKBDORINBTIHE 
(1101 
[ l l l l I f NOK > RUNINIIBE DAYS 

[ I I 2 1 r. t CE IL I INOK- RUKIKI IBE DAYSI4 SUBRUKTIHE DRYSl 

: ; i ; i K O I S K , ! : ) t N O [ S K , I ; I » i 

[ I 1 4 I SL[SN,n * S L I S K . U ) SHIPLENBTH 

[1151 S C I S H . U » S C I S K . K J t SHIPCAREO 

[ l l o l E T t S N . K l ( B I I S N . r l » NDK - ARfilVALSTPORI - KAI I INBTIBE 

[ ! I 71 B 0 ( S N , K 1 t B O [ S H , l : l •( IREDUAYLEKETH x NOK - ABBIVALATPOfT • 

KAITIKETIHE14345.0 DAYS x INTOUAYLENBIH » OOnQUhYLEKSIH 

[ U B ! I K K S H I • I K K S N ] • KAI I IKBTIHE 

[1191 TfluISHl H H U I S K I t H 0 0 8 I K S T I K * UKHOORIKBIIHE 

(1201 lUT ISNl • l U K S N l • UNLOADIKSTIBE 

(1211 I L K S H l * I L K S N l • LOADINETIBE 

11221 I I K S N I t T I K S K l . I D L E I I B E 

U 2 : i I P K S N l • I P K S N l t NOa - ABRlVALATPOfll 

[ I ' l s i * * " " * ™ I ' * L A I P D E I 

U 2 t l N S S l S N . U t N S S [ S K,1] * 1 I f ICAS60HANDLIN»=-HEII-1-SHIFP8IDB1I(=2 
11271 NSS[SN,21 f KSS1SN,2J • 1 I f ICABSOHANDLINS=-KEir ; -SHIPP8I0El IY=3 
[12B] 

U 2 9 1 I F SHIPTRADE / SBBIEBBINAL 

[1301 KSDISNl f NSOtSNl • I I F SHIPTVPE I -|.HUSUSDOI(-

[1311 NSD[7] • HSD[7I t 1 IF SHIPIYPE = -LHUSUSDOH" 

11321 END 

[ 1 3 3 1 END 

(1311 lERBINAIE 



MQDEL MPTSIM 
MOD PDRTADMMDD 

MODEL MPTSIM 
MOD STDRAGEMDD 

W l « PROCESS Of POST ADWNlSTRdTlOPi 

[11 PASIRRI : 

[21 RAIT ( H U E NAITIKSROV IS EnPTV 

[31 PASHIP ' f IRST SHIP IH NAITIHSROH HITH 6REATEST SHIPPRIORITY 

[<1 SlIETERHIHAi. Of PA5HP ' SHIPTRSOE OF PASHIP 

[51 IP SHIPPRIORITY Of PASHIP > 3 

[ i l I f fREEBUAYISLlBIERHlHAL Of PASHIPliREBUAYCEHBTH Of PASHIP 

[71 REHOïE PASHIP fROH «AITINBROÏ 

[Bl SEHOVE PASHIP fROH EHUTILESET 

[51 REACTIVATE PASHIP fROH BERTHINB IH SHIPHOD 

no; fREEBUAYISUBTEEHIKAL Of PASHIPI » fREESUAYCSOBTERHIHAL OF PASHIPI-

REBUAYLEHSTK Gf PASHIP 

(111 REPEAT FROH PASTARI 

[121 EHD 

[131 I F FREEOUAYISOEIERHIHAL Of PASHIPKREBUAYLEKEIH Of PASHIP 

[ H I BDIO HOHSHOTILE I f fOLl Of PASHIP>FREEOOAY[SUETERfllHAL OF PASHIPI 

[15] FD l l Of PASHIP • FREEOUAYISUBTERHINAI OF PASHIPI 

[161 HHILE FCLl OF PASHIP ! REflUAYLEHGTH Of PASHIP 

[171 STOPSHIP • LASI SHIP IH HAYSTDPSHIPSET ItAT CARSDHANtLIHErSTOp-

[ I 3 J I f STOPSKIP IS HOT HONE 

i m FOLI Of PASHIP . fOLl Of PASHIP • REOUAYLEHETH Of STOPSHIP 

[201 CAREOHAHDLINE Df STOPSHIP t "S IOP-

[21] EHD 

[221 GOTO RELAX I f STOPSHIP IS HOHE 

[231 EHD 

(2<I NONSHUmE : 

[231 PASHIP » f l R S I SHIP IH HONSHUITLESn HITH BREATEEI 

SHIPPRIORITY 

[261 BDIO RELAT I f PASHIP IS HOHE 

[271 SUBIEEHIHAL OP PASHIP * 2 

[251 SOTO LOHEBPaiDRIIY 

1291 END 

[301 END 

[311 LOBEfiPRIOBIIY : 

[321 I F FSEEDUAYISUBTERHINBL Df PASHIPliREBUAVLENEIH OP PASHIP 

[331 BEHOVE PASHIP FROH NAITINEAOH 

[341 BEHOVE PASHIP FROH NDHSHUTTLESET 

[351 REACTIVATE PASHIP FROH BERTHIHB IN SHIPHOD 

[361 FREEDUAYISUBTERHIHAL DF PASHIP) • FREEOUAYISUBTESHIHAL OF PASHIPI -

REDUAaENETH OF PASHIP 

[371 REPEAT FROH PASTARI 

[3B1 END 

[391 I f FBEEDUAYISUBTEBHIHAL OF PASHIPHREBUAYLENEIH Of PASHIP 

[ « j SUBIEBHINAL OF PASHIP t 2 I F ISHIPTRADE OF PASHIP » 1 I . 

IISKIPTRACE OF PASHIP =21 - SHÜTILE5EI IS NDT EHPTYI 

[ 1 i ; SUBTERBINAL OF PASHIP . I I f ISHIPTRADE DF PASHIP = 21 " 

SHUITLESEI IS EHPH 

[ « ) IF FREEBUAYtSUBIERHINAL OF PBSHIPIJREDOAYLEKBIH Of PASHIP 

[431 REHDVE PASHIP FROH HAITINEROH 

W l BEHOVE PASHIP FBDH NONSHIITTLESET 

H51 REACTIVATE PASHIP FBOH BEBTHIHB IH SHIPHOD 

[161 fEEEQUAYISOBIERHIHAL Of PASHIPI . fBnOUAYISOEIERBWAL Of PASHIPI • 

REOUAYLENBTH DF PASHIP 

[171 REPEAT FROB PASTARI 

[ I B l EHD 

[191 SUBTEBBIHAL Of PASHIP » 0 

(501 END 

(511 RELBI : PASSIVATE 

[321 REPEAT fROH PASTARI 

[531 

101 SIORESHED : 

(11 KAU HHILE CI < SIARISTORABE 

i : i V[ASHED[1,R0UIE1 • VIASHEDII.ROUTEl • ABOUNI I f I 

(31 IHILE ABOUNT > 0.0 

ii] DRIES Df THIS CARED • NDI 4 21.0 

(5) TIHES Df THIS CAEEO » NDN - 21.0>fLD0R(DATESl 

[ t l BAIT 21.0 - I IHES I f U B E S > E.O 

[ ; i CARBOINSHEDIROUTEl * CARSOIHSHEDIRDUIEl > 12.0 

(Bl AHOUHt • AHOUNT - 12.0 

(91 l A l I 1.0 

(101 ENC 

((11 CARBOINSHEDIROUTEl * CARGDINSHEOIBSUIEl » AHOUHT 

(121 TEBHINBTE 

[131 

( H I STOREYBBD : 

(151 NAIT HHILE CI < SIABI5T0RABE 

(161 VIAYABDU.RDUTEl * VIRYARDI1,R0UIE1 * AHOUHT I f f. 

[171 KHILE AHOUNT > 0.0 

! !E1 DATES Of IHIS CARED f KOK i 21.0 

(191 TIBES OF THIS CARED • KOK - 21.0 > FLOOBIDATESI 

(201 KBIT 21.0 - I IBES I f TIBES > E.O 

(211 CABGOIKYBBDIRDUIEl . CAREOIKYARDIROUTE) t 12.0 

(22) AHDUKT * AHOUHT - 12.0 

(231 KAIT 1.0 

(24) EKO 

125) CARBOINYABDIRaUIEl • CARBOINYARDlRDUIEj • AHOUKT 

(261 TERHIKATE 

1271 

[2B1 UNSTDRESHED : 

(291 KAIT KHILE CT SIARISTORABE 

(30) VIASHED(2,RDUTE1 • VISSHEl;[2,80!)I£l ^ AHOUNT I f r 

(311 KHILE AHOUHT > 0.0 

(321 DATES Of THIS CAR50 • KOK 4 21.0 

(331 TIHES Df THIS CAREO •- HOK - 21.0>fLO0R(DATESI 

131) KRI l 21.0 - TIHES IF HUES > 8.0 

[35) CARSDINSHEOIRDUTEl t CBRBDINSHEDIRDUTEI - 21.0 

[361 AHOUKT • AHOUHT - 21.0 

[371 KAIT 1.0 

(381 END 

(391 CAREOIKSHEDIRDUIE! t CABEOlKSHEDiBOUIEl - ABOUNT 

[101 lERHINRTE 

[111 

(121 ÜNSTOBEYABD : 

(131 KAII KhlLE CT ( 5IABISI0RABE 

(111 V1BYABD(2,R0UTE1 » VIAYARD[2,P.0UTE1 * ABOUHI I f K 

(151 HHILE AHOUKT > 0.0 

( l o l DATES Cf THIS CAR60 • NOK 4 21.0 

(17! TIHES or IHIS CARGO • KOK - 21.0sfL00R(DAIESI 

( I B ! KAIT 21.0 - TIKES I f I IBES > E.O 

[19; CAB60IHYARDIB3UTEI » CASGOINYABDISDUTEl - 21.0 

(501 AB3UHT * ABOUNI - 21.C 

(511 KBIT 1.0 

[521 END 

; 5 3 : CARBOlNYABDIROUIEl t CAREOIHYRROlBCUIEl - ABOUHI 

(511 TERHIKATE 

MODEL MPTSIM 
MOD SURVEYORMOD 

(01 « PROCESS Of DATA COLLECTOR 

(21 SVYSTART : KAIT RUKINTIBE DAYS 

( 3 ! EVERYDAY : 

[11 STORE CDREDINSHEDdl AS ' f l ' 

151 STORE CARG0IK5HED[21 AS - B " 

(61 STORE CABG0IHSHEDI3] AS T ' 

(71 STORE CARGOIKYABDIIl AS T 

(31 STORE CARG01KYABD[2) AS " E " 

(9) STORE CARG0IKYABD[3) AS T 

(10! KAIT 21.0 

[111 REPEAT fflOB EVERYDAY 

MODEL MPTSIM 
MAC C R A N E A L L Q C A T I O N 

(01 RETURN I f CRAKESHIPSET IS EHPTY 

111 fOB EACH SHIP IN CRANESHIPSET KITH (ADOUAYCRANE REBUAYCRRNEl-

CAREOUAKDLINe STOP 

121 I f fREEOUAYCRANE ( REDUAYCRAKE Of THIS SHIP 

131 ADOUAYCRANE Df IHIS SHIP REDUAYCRAKE Of THIS SHIP 

[11 EKD 

15! I f fBEEDUAYCRAHE < REOUAYCRANE OF THIS SHIP 

( i l ADBUAYCRSHE Of IHIS SHIf FREEBUAYCRAKE 

(71 END 

; a i FBEEDUAYCBAHE FHEEBUAYCRRNE - ROauAYCRBKE Of IHIS SHIP 

(91 ACTIVATE IHIS SHIP I f THIS SHIP IS NOT ACTIVE * (SHIPCRANE OF THIS 

SHIP * ADBUATCRAKE OF THIS SHIPI > 0 

(101 END 

I l l l RETURN 



P E B S O K A L P B 0 S I H = = = mm. msu i s B U N N I H S 

NUnBER DF ZEBO CURRENT HAI. INFORHATIDN ABOUT NAITINSTIKES 

DOEUE NAHE EHTBIES ENTBIES LENBTH LEHETH HEAN DEVIATION RAiinun 

DUAV 2 Hb (1 S » 39.96 23.62 238.00 

aUAY 1 B77 0 4 11 35.43 24.73 237.00 

«AITIKEROH 1B23 2 i3 0 52 55.19 51.01 168.66 

PBEABBIVAL HBI 0 232 252 720.00 0.00 720,00 

HIT ANV KEÏ NKEN BEABV... 

D A T A F I L E MDUTOSO 

IOI 

111 

121 

(31 

(4 ) 

(51 

(61 

(71 

(81 

(9 ) 

(101 

(111 

[121 

[131 

[141 

[151 

(161 

[171 

[181 

U 9 ) 

[201 

C211 

[221 

[231 

[241 

[231 

[261 

[271 

[281 

(29) 

[301 

[311 

[321 

(331 

(341 

[351 

[361 

1371 

[3B1 

[391 

[401 

[411 

[421 

[4J1 

[441 

[431 

[461 

(471 

[481 

[491 

[501 

(511 

[521 

[531 

(541 

[551 

[361 

BESULT OF RUN NO ; 41 TEAR : 2005 

1. BERTH UTILIZATION 

SHIPTYPE HO SHIPCALL SHIPLEH6TK SHIPCARBO BcRTHINBTIHE 60R 

(HI ITOHI 1H0UR5I (0/01 

1 120 

2 128 

NUSANTARA 

1 

1 232 

2 256 

2 64 

AVERABE 

.8.60 666.94 33.78 5.77 

i6.07 434.47 22.27 4.16 

124 67.33 550.71 28.03 4.96 

1 112B 45.59 388.16 39.13 39.72 

2 1264 44.97 357.31 34.31 34.92 

1196 45.28 372.74 34.72 38.32 

31.03 183.01 

2 774 30.13 173.91 

AVERABE 

6 3 . 9 1 

S 9 . B I 

AVERABE 62.26 

41.80 19.24 

37.00 15.49 

792 30.58 178.53 39.40 17.36 

723.98 45.61 15.79 

734.33 43.75 15.84 

244 61.93 729.15 45.68 15.fl2 

96.71 4294.90 35.76 4.04 

9E.65 4552.75 34.63 3.77 

4423.83 35.20 3.91 

1 236 30.46 51.83 14.43 1.83 

2 224 29.79 49.15 17.07 1.94 

230 30.12 50,49 15,75 1,1 

SUBBUN BEBTH OCUPAHCY RATIO OF HPT (0/01 

1 86.38 

2 78,13 

(57) 2, TIHE AHO COST OF SHIP IN PORT 

[581 

[591 TYPE HAITINS UHtKBBISB UNLGABINS L B A D I N S 

[601 TIHE TIHE TIDE TIHE 

(HP.Sl (HBSl IHBSI 

PORT COST 

TIHE 

(HBSl (HRSI lUSSI 

iul.6 
I I B E 

20.64 93.B6 6471.97 

(411 IHRSl 

[621 

(431 EAHUDBA 

(641 69.61 

(651 

(661 NUSANTABA 

(671 57.30 

[6B] 

(691 LOKAL 

[701 62,34 

[ T U 

(721 KHUSUS 

[731 64,42 

[741 

[751 SHUTTLE 

[741 5.91 

[771 

(781 RBAREE 

[791 42.00 4.00 3,03 0.00 8.46 77.72 388.5i 

(801 

[ B l l 
(E21 3. ROUTINE OF CARED THR0U6H STORASE FACILIT IES 

[831 

CARED VIA SHEDITONSI VIA YAROITONSI 

OUTBOUND INBOUHD TOTAL OUTBOUND INBOUHD TOTAL 

22.03 101.79 2405.47 

25.41 112.10 15794.29 

8,58 41.12 11045.29 

(841 

[851 

[E61 HCC IHT 

10239.08 37455,70 47494.78 B554.45 B3934.35 92490.6( 

1.21 50759,11 51647,32 2533.82 56254,59 587BB.41 

57326.57 52764.38 1.I009E5 12739.24 8794.06 21553.30 

1871 

(881 NCC DDK 

(891 

[901 CONTAINER 

(911 

[921 

1931 

(941 4 . NUHBER Df SHIPS NHICH STOP CARED HAHDLINB 

(951 

(941 TIHES SAHUDRA NUSANTARA LOKAL KHUSUS RBAREE 

[971 

( Ï 8 1 1 4 36 34 16 4 

[991 >2 O O O O O 

[1001 

U O I ] 

(1021 3, NUHBER Of SHIPS NHICH BERTH HOT AI PREFERRED OUAY 

[1031 

(1041 SAHUDRA KHUSUSIHT SHUTTLE RBAREE NUSANTARA LOKAL KHUSUSDOH 

[1051 

[106] 46 32 0 68 4B2 298 48 



MODEL MPTSIM 
MAC C A R G O S E N D E R 

MODEL MPTSIM 
MAC C A R G O R E C E I V E R 

t u 

t21 

t31 

m 
151 

161 

171 

IB l 

H I 

t lO l 

t i l l 

[121 

t l31 

(141 

U 5 I 

(161 

t l71 

U B I 

t l ? ) 

I20 I 

1211 

1221 

I23 I 

1241 

1251 

1261 

127) 

t2B] 

1291 

[301 

(311 

(321 

(331 

(341 

(351 

(361 

(37) 

I 3 E ) 

139) 

t40) 

141) 

142) 

(43) 

(441 

1451 

(46) 

1471 

I4B1 

(491 

(501 

1511 

i 5 : i 

(531 

1541 

[551 

1561 

(571 

I F (OUTCOKTBIKER > O.OI ' COOUTSHEt > 0.0 

THIS (MRBO » HEM CARBO 

RAHDOHDT • C E I L I U H I F U D I 

DHEUTIHE t 3 .0 DAYS IF RAHDOHDT < 25 

OHELLTIHE » 6.0 DAYS IF (RAHDOHDT ) 25rBASD0BDT<75 

OWEUTIHE • 9 .0 DAVS IF RAHDOHDT ) 75 

STARTSTDRABE « N 0 K 3 0 . 0 DAYStHDDRlHBT!nE-tN0RHEERTHIH6TIHE-DHELl.TIBE 

AHOUHT • SHIPOUTBDUHDCAREO x COOOTSHEl > OOTCOHIAIHER 

ROUTE * 3 

ACTIVATE THIS CARBO FROB SIORESHED IH STDRAEEHOD 

EHO 

RAHDOBDI i 45 

RAHDOHDT < 35 

RAKDDBDT < 95 

TUIS CAREO « NEN CARED 

I F SHIPTRADE • 1 

RAKDOBDT t CEIL(UKIF1121I 

DHELLIIHE t 1.0 DAY IF RAHDOBDT < 15 

DHELLTIBE • 3.0 DAYS I F IRANDOBDT > I S r 

DHELLIIHE 5.0 DAYS IF (RAHDOBDT ) 451" 

DHELLIIHE 7.0 DAYS I F (RANDBBDI ) 051* 

DHELLIIHE 9.0 DAYS I f RANDBBDI > 95 

END 

I F SHIPTRADE = 2 

RANDOBDT CE IL (UHI f t l 3 ) l 

DNELLTIBE t 3.0 DAYS I f RANDOBDT < 50 

DNELLTIBE • 5.0 DAYS I f IRANIDHDT > 501" 

DBELLTIBE 7.0 DAVS IF (RANDOBDT ! BOI* 

DNELLTIBE • 11.0 DAYS I f RAHDOHDT ) 90 

RAHDDHDT ! BO 

RANDOBDT ! 90 

ENO 

ABOUNT • SKIPOUTBDUNDCARED x NCOUTSHe x 1,0 - CUTCDNTAINER 

ROUTE * SHIPTRADE 

STARTSTDRABE • NOH • 30 DAY t «D0R1HBTIHE DF THIS SHIP * 

NORHBERTHINBIIHE Df THIS SHIP - DVELLTIHE OF IHIS CAREO 

ACTIVATE THIS CARED FROH STORESHED IH STDRAEEHOD 

I F iOUTCONTAINER ) 0.01 " CODOIYARD > 0.0 

THIS CARED * NEI CAREO 

RANDOBDT * [ E I L I U H I f l l t l l 

DNELLTIBE • 3.0 DAYS I f RANDDBOT < 25 

DIELLTIBE t 6.0 DAYS I f (RANDOBDT) 251-RANDOB0TS75 

D IELLI IBE • 9.0 DAYS I f RAHDOHDT > 75 

STARTSTDRAEE * N0Ht30.D DAYStHOO»INBTIBE*HORBBERTmNBTIBE-DIELLTIHE 

ROUTE * 3 

ABOUNI » SHIPOUTBOUNDCARED x COOUIYARD x OUICONTAIKER 

ACTIVATE THIS CARBO fROH SIOREYARD IN STDRAEEHOD 

END 

THIS CARGO « NEI CARGO 

I F SHIPTRADE » 1 

RAHDOBDT * C£ IL (UNI fU51 l 

DNELLTIBE • 10.5 DAYS IF RANDOBDT ! 65 

DNELLTIBE > 17.5 DAYS I f (RANDOBDT > 651" RAHDOBDT ! 95 

DIELLTIBE t 24 .5 DAYS IF RANOOBDT > 95 

EHD 

I F SHIPTRADE = 2 

RANDOBDT « C E I L I U H I F I U l l 

DIELLTIBE t 3 .5 SAYS I F RANDOHOT ! 15 

DHELLIIHE • 10.5 DAYS I f (RABDOBDI ) 151* RAHDOBDT < 60 

DIELLTIBE » 17.5 DAYS I f RANOOBDT > 60 

END 

AHOUM t SHIPOUTBDUHDCAREO < NCOOTYARD x 1 - OUICONIAINER 

ROUTE SHIPTRADE 

STARTSTORAEE • NDI * 30 DAY * BODRINBTIBE Df THIS SHIP * 

KORHBERTHINBTIHE Of THIS SHIP - CIELLTIHE OF THIS CARBO 

INCDHTAINER 

STDRAEEHOD 

• RANDOHDTi 35 

• RANDOHOT! 7o 

' RAHDOHDT! 50 

' RANDOBDIS EO 

(01 I f (INCOHTAIKER ) 0 .0 ) " COHIHSHED ) 0,0 

U I THIS CAREO t NEI CAREO 

121 RANDDBDI « CE1LIUNIFI171I 

(31 DIELLTIBE • 5.0 DAYS I f RANDOHOT < 25 

(41 DkELLTIBE t 10.0 DAYS I f IBANDOB0Ti23|-F;AHODBOT!75 

(51 DIELLTIBE « 15.0 DAYS IF RAND0BDT)75 

(61 STARTSTDRAEE » HOI 4 DIELLTIBE - LDADIHEIIBE 

! 7 ; ROUTE 4 3 

[ E l AHOUNT * SHIPINBOUNDCARBO i COHIHSHED : 

191 ACTIVATE THIS CARBO FROB UNSTDRESHED IN ; 

U O I EHD 

I I I ) IHIS CARBO 4 HEN CARBO 

(121 I F SHIPTRADE - 1 

1131 RAHDOBDT 4 C E l L l U N I F t l B l l 

1141 DIELLTIBE 4 3.5 DAYS I F RANDOBDT < I 

U51 DIELLTIBE 4 10.5 DAYS I f IRANDOBDT ) 5 | -

U i l DIELLTIBE 4 17,5 DAYS I f (RANDOBDT ) 3 5 r 

I I ? ) DIELLTIBE • 24 .5 DAYS I F RAHDOBDT ) 70 

U B I EHD 

t l 9 I I F SHIPTRABE = 2 

1201 RAHDOBDT 4 CE1L(UHIFI191I 

1211 D N E a l l B E 4 3 .5 DAYS I F RAHDOHDT ! 10 

122) D I E a T I B E 4 10.5 DAYS I f IRANODBDT ) 1 0 | -

1231 DIELLTIBE 4 17.5 DAYS I F (RANOOBDT ) 5 0 l -

1241 DIELLTIBE 4 24.5 DAYS I F (RANDOBDT >BOr RAKDOBDT! 95 

1251 DIEU.TIBE 4 31,5 DAYS IF RAKDOBDT ) 95 

1261 EHD 

(27) AHOUNI 4 SHIPINBOUNDCARBO x NCCINSHED x 1,0 - IIJCONIAINEB 

[2E) ROUTE 4 SHIPTRADE 

[291 STARTSTDRAEE • NDK 4 D K E a i l H E OF THIS CARED - LDADIHEIIBE OF IHIS SHIP 

(301 ACTIVATE THIS CAREO FROB UKSTORESHED IK ST0HA6EB0D 

:31) I F IIKCONTAIKEB > O.OI - CDKIHYARD ) 0.0 

(32) IHIS CAREO 4 NEK CARED 

1331 RANDOBDT 4 CEIL(UNIF1201I 

134) DIELLTIBE 4 5.0 DAYS I F RAKDOBDT ! 25 

135) DKELLTIBE 4 10,0 DAYS IF IRAKD0BDT>25rRAHD0HDI!75 

[361 DHELLIIHE 4 15.0 DAYS I F RANDOBDT ) 75 

[371 STARTSTORAGE 4 KOK 4 DKELLTIBE - LOADIKBTIBE 

133) ROUTE 4 3 

[391 ABOUNT 4 SH1PIHBDUKDCARE3 x COHIKYARD x IKCOHIAIKER 

1401 ACTIVATE THIS CAREO FROH UNSTOREYARD IN SIORAEEBOD 

1411 END 

[421 THIS CARBO 4 NEI CARBO 

143) I f SHIPTRADE ' 1 

1441 RANDOHOT 4 CEIL(UNIP(2I1I 

[451 DKELLTIBE 4 10,5 DAYS I f RAKDOBDT ! 65 

(461 DKELLTIBE 4 17,5 DAYS I f IRAKDDHDT ) 6 5 l - RAKDOBDT! 95 

(471 DKELLTIBE 4 24,5 DAYS I f RAHDOHDT > 95 

I4BI EHB 

[491 I f SHIPTRADE = 2 

(50) RANDOBDT - CE1L(UNIF(2211 

(51) DKELLTIBE * 3.5 DAYS IF RAHDDHDT ! 15 

[ S : ; DIELLTIBE 4 10.5 DAYS [ f (RAKDOBDT )151- RAKDCHDI! 60 

[531 DIELLTIBE 4 17,5 DAYS IF RANDOBDT > it-

154) END 

(55) AHOUHT 4 SHIPIKBDUNDCARGO i KCCINYARD x 1,0 - IHCDHTAIKER 

[561 ROUTE 4 SHIPTRADE 

(571 STARTSTORAGE 4 NOI • DKELLTIBE Of THIS CARGO - LDACIKGTIBE Of IHIS SHIP 

[SBI ACTIVATE THIS CARBB FROB UHSTOREYARD IN STDRASEHOD 

1591 RETURN 

[5E1 ACTIVATE THIS CARBO FROH SIOREYARD IK SIORAGEHOD 

[591 RETURK 

D A T A F I L E MINOSO 

10] « DAIA 2005 FOR EtPERIBEHTAIlOK RUN « 

(11 

121 41 2005 273.75 91.25 4 

(31 

(41 360,0 375.0 3 

(51 

16] 7 6 

(71 

( E l -SABUDRA- 1 1 1 

19) 0.54 0.40 0.06 0 

U O I 31.0 26.0 19.5 

(111 0.29 0.26 0.17 0, 14 

[121 2 .0 2.0 9.0 t 

1131 

114) -KHUSUSIKI- 4 1 I 

[151 0 0 0 0 1. 

1161 0 0 0 0 12 

[171 0 0 .73 0 0 0 0 
I I B I 2.0 2.0 9.0 0.90 

119) 

(201 -NUSANTARA- 2 2 1 

[211 0 0 0 .15 0.75 

122) 0 D 13 17.3 

(23 ) 0,03 0,08 0 .0 0.01 

(241 2 ,0 2.0 9.0 0.90 

1251 

1261 -LOCAL- 3 2 1 1 

127] 0 0 0,47 0,34 

[281 0 0 12.2 16,3 

[291 0.33 0,15 O.OJ 0.08 

130) 2 .0 2.0 9.0 0.9 

131) 

(321 -KHUSUSDOH- 4 2 1 

[33) 0 0 0 0.34 I 

134] 0 D 0 24 .3 

1351 0 0.D5 0 O O O O O 

136) 2 .0 2.0 9.0 0.90 

1371 

I3B) 

139) -SHUTTLE- 5 I 5 12B.8 12.0 90.0 105.0 3400.0 5400.0 0.48 0.48 0.71 

(401 O.60 0.27 0.13 0 0 

[411 90.0 31.0 16.2 0 0 

1421 0,29 0.26 0.17 0,14 0.60 0,10 0,45 0.10 

1431 2.0 2.0 16.0 1.00 

(441 

[451 

[461 -RBARBE" 6 1 1 39.B i 25.0 35.0 30.0 70.0 1.0 0 0 

(471 0 0 0 0 1.0 

[481 O O O O 20.0 

[491 1.0 0 0 O O O O O 

(501 2,0 2.0 9.0 0,90 

78 .2 0 580.0 0 . 4 8 0.54 0.54 
0 

0 0 
0.60 0,10 0 ,45 0 ,10 

1.90 

B2 .6 0 700 ,0 1,0(. 0 0 
0 
: .3 
0 0 

7.2 0 400 .0 0 .96 0 0 
0.10 
8.7 

OOOO 

1,9 0 180,0 0 ,79 0 0 
0,19 

e,2 

o o o o 

70,1 0 700 .0 1.00 0 0 
9.46 

12.3 
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1 1 1 r 
1316 2632 3948 

1 1 

S264 6580 

* ; L E F T aiKIGHT .«omelRESHOU. 'End;QUIT i 

=== PERSONAL P R O S I B HISTOERHII F B C I L I U === (lüDEL I S «PTSIM S E L E C T I O N I S fi 

UPfEf: eun 183 

BOUSD P E R C E N T R I E S I 

HEAN : 

D E V I A T I O N : 

2 4 

2 0 4 5 . 5 1 7 3 3 4 

2 9 4 . 4 6 5 4 3 6 

4 6 l ' ) 

n l N I n u H ; 1 4 6 3 . 7 7 9 9 0 7 

« A r i l l ü " : 2 6 6 8 . 3 1 2 0 1 2 

12 14 16 18 201 

I l l l l 
1 5 4 6 . 7 7 9 9 0 7 2 . 2 4 U I U 

1 6 2 9 . 7 7 9 9 0 7 6 . 4 8 i m n m n 
1 7 1 2 . 7 7 9 9 0 7 1 0 . 4 7 l U I l H a i 

1 7 9 5 . 7 7 9 9 0 7 1 9 . 7 17 I I l H I U I i n i l B H B i n i 

1 6 7 3 . 7 7 9 9 0 7 3 2 . 2 2 3 fflimiiiiaamiiiMmiHi 

1 9 6 1 . 7 7 9 9 0 7 4 5 . 4 24 H i i i u i i n i n i i n i n m i i r a m 

2 0 1 4 . 7 7 9 9 0 7 5 4 . 6 17 l l l i l l I i n i l i l I I I H i U I l 

2 1 2 7 . 7 7 9 7 8 5 6 2 . 3 14 n u n u i i u i i u i n 

779795 7 1 . u n i i i i u i i i i u i i a i i u i 
: ; - 5 3 . 7 7 9 7 B 5 7 5 . E 16 n i i i i i i n n i n i i i B i i i 

: 3 7 S , 7 7 9 7 8 5 6 5 . : 10 I I H I I l i n i H I 

: i 5 9 . 7 7 5 ? 8 5 89.4 B n i i M i n n i 

2 5 4 : . 779785 9 4 . 5 9 i i i i i i n i H i i 

2 6 : 5 . 7 7 9 7 8 5 9 4 . " 4 m u 

: 7 u B . 7 7 9 7 8 5 9 7 . 3 1 n 

; 7 ? 1 . 7 7 9 7 8 5 9 9 . 5 4 m u 

;BT4.779735 1 0 0 . 0 1 I I 

:= PEUSONfll PÜOSItl PIOT FftCl L I T Y ' ^ - " ' n o m IS «PTSin^ . "'SELECTIOH IS B 

1316 2632 3948 5264 658B 
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=== PERSONAL P R O S i B HISTDGRAN F f t C I L I T l ' === HODEL 15 «PTS l t ! S E L E C T I O N I S B 

2216.04(1527 

UPPEf 

BOllHD 

VM 1S3 

PERC E N T R I E S 

D E V I f i T I Ü N : 3 2 1 . 1 9 5 8 0 1 
0 2 4 6 fl 10 
1 ) 1 i i 1 

1 6 4 5 . 8 5 1 1 9 6 2 . 2 4 
l l l l l l -
H u a 

1 7 2 3 . 8 5 1 1 9 6 7.1 9 • n n m o H 

1 8 0 1 . 8 5 1 1 9 6 10 .4 6 n n u n i 
1 8 7 9 . 8 5 1 1 9 6 1 6 . 9 12 B l U I I U I I I I I I U 

1 9 5 7 . 8 5 1 1 9 6 2 2 . 4 10 n i i i n i u i i u 
2 0 3 5 . 8 5 1 1 9 6 3 2 . 6 19 i i i H u i o i m B i H m i a i 

2 1 1 3 . 6 5 1 0 7 4 4 1 . 5 16 n i u u i i n i i i i H u i u i 
2 1 9 1 . 8 5 1 0 7 4 4 9 . 7 15 H i i i i u n H i i n u i n 
2 2 6 9 , 8 5 1 0 7 1 5 5 . 2 10 n i n i i n i u H 

2 3 4 7 . 6 5 1 0 7 4 t : . f l 14 m u i i i B i i i i i n a i 

2 4 : 5 . 6 5 1 0 7 4 7 0 . 5 14 i i i i i i i i i i i n i i u i i i 
2 5 0 J . 8 5 1 0 7 4 7 7 . 0 12 i n n i i n i i u H a 
2 5 8 1 . 8 5 1 0 7 1 6 4 . : 13 n i i i i i i i i i H B i n 

2 6 5 9 . 8 5 1 0 7 4 9 0 . 7 12 i H i i m n i i B i n 

2 7 3 7 . 8 5 1 0 7 4 9 4 . 0 6 I H I U I B 

' 6 1 5 . 6 5 1 0 7 4 9 B . J 8 UII IHBl i l 
: 6 3 3 . 8 5 1 0 7 4 1 0 0 . 0 3 i U I 

n i N i n u H : 
« f i X l l W B : 
12 14 

1 5 6 7 . 6 5 1 1 9 6 

2 8 6 9 . 4 1 6 2 1 3 

16 16 201 

- t 1 1 

-̂0 
CJO 



•^rvfEJSONftL PBOSitt PLOT F f te i l lTY -=~ .MODEL IS n n S I H u SELECTION IS 

T r 

2632 3948 

r 1 

5264 65BB 

i;ZOmi::*:iEPT-i-';«IGHT:-Hoffle;RESHOHj EndiqUIT.i. 

=== P E R S O N A L P R O S I N H I S T O S R A N F S C I L I I r = = = N C D E L I S NPT5IH S R E C T I O N I S C 

UPPER 
BDUNl 

1176.4B1934 
1J19.1B1931 
I522.1BI934 
1695.481934 
1868.481934 
2M1.4B1934 
2214.4BI934 
:3E7.4B1934 
2560.481934 
2733.4E1934 
290o.431934 
3079.481934 
3252.481934 
34:5.481934 
359E.4EI734 
3771.461934 
3544.461934 

NEA.'i : 

C U n 183 D E V I A T I D H : 

P E R C E N T R I E S 0 2 4 

!279.833006 
577.938110 

8 10 

N I N I n u N : 1003.481995 
NfiXmUB: 3927.695066 
12 14 16 I B 20 Ï 

0 .5 
2.7 
8 .7 

14.6 
26 .2 
J 7 . : 
49 .2 
61 .2 
6 7 . E 
77.0 
83.6 
90 .2 
95.1 
9 7 . : 
93.4 
99 .5 

100.0 

m u u i i r a n u 

n i i u i i i i i i u i i i n f i i i n a 
i i i i m i i i n i u i u i i n i i i m n i 

n i i i i i u n i i i B i u i u i i 

n n i i i n n i i 
W U I 

u 

- « PlSSONflL « S I « PLOT F f i C I i m - = "- v MODEL I S tlPTSIM > SELECTION I S D 

i^ZOOtl .̂:LErT -.-'ililGHT Hiiiiie:iiESH01j--Eiid:qUIT 

= = = P E R S O N A L P R O S I N H I S T O G R A d F A C I L I T Ï = = = B O D E L I S « P T S I H S E L E C T I O N I S D 

UPPER C U B 183 
BOUND P E R C E N T R I E S 0 

KEAN : 
DEVIATION: 

2 4 

4632.683105 
1607.474561 

6 6 10 

B I N l n U B : 1458.777344 
B A I I B Ü B : 7926.294922 
12 14 16 IB 201 

1639.777344 6.0 11 n n u u i u n f l i 
2220.777344 10.9 9 m u i i B i i o 
2601.777344 14 .2 6 m i u i H 
298: .777344 18.6 8 n u n m u 
3363.777344 20.6 4 a u n 
3744.777344 26 .2 10 H n i l U H B U 
4125.777344 31.1 9 BuninHH 
4506.777344 45.4 26 H H i U H i n i i n i H n n i n i H i i u i u 
4657.777344 13 l i i i i i in iuuaul 
5266.777344 60.1 14 i i H u u n n i u i m i 
5649.777344 6 7 . ; 13 l U I U I I H H I I I I B I 
6030.777344 76.1 20 l i i u i n u i i H H i n i u i a u l 
6111.777344 67.4 17 mumunuHUiuui 
6792.777344 92.9 10 H H I i n i U l U 
7173.777344 95.4 5 BUini 
7554.777344 56.7 2 B l 
7535.777344 100.0 6 B U U I H 





Year 1990 1995 2005 

Crane 

Alt . Working 

1. Berth U t i 
l i z a t i o n (%) 

I I 

3 

I I I IV 

2 

I I 

1 

I I I I 

3 

I I I IV 

1 

I I I I I 

3 

I I I IV 

Samudra 2, .50 1. 93 1.37 2, .62 2, .06 1, .52 2, . 19 4. ,96 4, . 13 2.95 
Nusantara 11. .87 8. 78 6.61 12. .13 11, .29 8 .85 11. .22 38. .32 26. .40 19.14 
Lokal 8. .56 6. 04 4.49 8. .29 6. .89 5 .16 7. .39 17. .36 12. ,27 8.98 
Khusus 5. .76 4. 33 3.21 5. 91 5. .46 4, .01 5. .49 15. ,82 11. .24 8.33 
Shuttle 1. ,56 1. 25 1.24 1. .70 1. .76 1. ,69 1. .58 3. .90 2. ,96 2.91 
R Barge 0. .53 0. 37 0.29 1. .50 0. .79 0. ,63 0. .79 1. 89 1. .22 0.99 

Total 30. 78 22. 70 17.21 31. 14 38. 26 21. 86 28. 92 82. 26 58. 21 43.30 

1 

I I I 

4.12 
26.26 
12.33 
11.24 
2.94 
1.22 

,10 

2. Cost of 
Time i n 
Port per 
Ship (DS$) 
Samudra 6430 4805 3401 6571 4442 3195 4994 16548 5622 3706 5612 
Nusantara 2698 1982 1473 2760 1956 1528 2007 6672 2162 1493 2155 
Lokal 963 715 518 965 669 490 743 2406 764 533 770 
Khusus 6371 4591 3383 6345 4892 3569 4751 15794 5996 4322 5995 
Shuttle 10700 8211 8142 11102 7524 7236 8048 11045 7362 7090 7328 
R Barge 69 51 40 66 52 42 52 389 58 42 58 

3. Composition 
of Time i n 
Port per 
ship (hrs) 
Samudra WT 0 .00 0 .00 0 .00 0 .00 0 .01 

U + MT 4 .00 4 .00 4 .00 4 .00 4 .00 
ULT 4, .48 4. .63 4. .57 4, .67 4, .89 
LT 5, ,67 5, .83 5. .70 5 .86 4 .73 
IT 17. ,37 9, .43 2. .91 12, .24 8, .47 
PT 31. 52 23. .90 17. . 18 31. .76 22. , 10 

Nusantara WT 0. ,03 0. 00 0. 00 0. ,06 0. ,01 
U + MT 4. 00 4. ,00 4. 00 4. 00 4. 00 

ULT 9. 68 9. 90 9. 87 9. 86 9. ,94 
LT 1. 31 1. 32 1. 32 1. 32 1. 25 
IT 17. 37 8. 69 3. 08 17. 56 8. 68 
PT 32. 39 23. 92 18. 27 32. 80 23. 89 

0.00 0.02 69.61 1.86 0.34 1.86 
4.00 4.00 4.00 4.00 4.00 4.00 
5.05 5.14 4.63 4.78 4.83 4.82 
4.91 4.95 5.03 5.22 5.23 5.23 
2.83 8.41 14. 18 9.35 3.16 9.17 

16.78 22.52 97.45 25.21 17.56 25.08 

0.00 0.03 57. 30 1.29 0.11 1. 30 
4.00 4.00 4.00 4.00 4.00 4.00 
10.18 10.36 10.86 10.81 10.61 10.78 
1.27 1.27 1.08 1.07 1.06 1.07 
3.25 8.85 20.64 9.71 3.31 9.72 
18.70 24.50 93.88 26.88 19.10 26.87 



Lokal 

Khusus 

Shuttle 

R Barge 

WT 0.02 0.00 0.00 0.01 0.00 0.00 

U + MT 4.00 4.00 4.00 4.00 4.00 4.00 

ULT 10.04 10.34 10.26 10.31 9.50 9.31 

LT 2.56 2.62 2.61 2.61 2.62 2.57 

IT 20.42 10.44 3.68 20.89 9.30 3.32 

PT 37.04 27.39 20.55 37.82 25.42 19.19 

WT 0.01 0.00 0.00 0.01 0.00 0.00 

U + MT 4.00 4.00 4.00 4.00 4.00 4.00 

tILT 12.77 12.89 13.00 12.69 13.90 13.72 

LT 0.00 0.00 0.00 0.00 0.00 0.00 

IT 20.42 10.45 3.57 20.09 11.14 3.88 

PT 37.20 27.35 20.57 36.80 29.04 21.59 

; WT 0.00 0.00 0.00 0.00 0-03 0.00 

U + MT 4.00 4.00 4.00 4.00 4.00 4.00 

ULT 15.45 16.29 16.16 16.08 11.76 11.28 

LT 9.67 10.14 10.06 10.06 12.17 11.67 

IT 16.63 0.00 0.00 11.06 0.00 0.00 

PT 39.75 30.43 30.22 41.20 27.96 26.95 

WT 0.00 0.00 0.00 0.00 0.00 0.00 

U + MT 4.00 4.00 4.00 4.00 4.00 4.00 

ULT 3.01 3.01 3.01 3.01 3.02 3.02 

LT 0.00 0.00 0.00 0.00 0.00 0.00 

IT 6.69 3.24 0.90 6.69 3.49 1.30 

PT 13.70 10.25 7.91 13.70 10.51 8.31 

0.00 62.34 1.44 0.04 1.44 

4.00 4.00 4.00 4.00 4.00 

10.40 10.31 10.19 10.09 10.19 

2.83 3.10 3.09 3.06 3.09 

10.43 22.03 10.97 3.67 11.08 

27.65 101.79 29.68 20.85 29.79 

0.00 66.42 1.10 0.14 1.10 

4.00 4.00 4.00 4.00 4.00 

13.71 16.27 16.04 16.26 16.02 

0.00 0.00 0.00 0.00 0.00 

10.73 25.41 13.20 4.63 13.20 

28.44 112.10 34.34 25.02 34.32 

0.06 5.91 0.76 0.14 0.76 

4.00 4.00 4.00 4.00 4.00 

12.54 10.88 10.91 10.76 10.88 

13.05 11.76 11.79 11.52 11.73 

0.00 8.58 0.00 0.00 0.00 

29.66 41. 12 27.45 26.41 27.36 

0.00 62.00 1.45 0.04 1.45 

4.00 4.00 4.00 4.00 4.00 

3.01 3.03 3.03 3.03 3.03 

0.00 0.00 0.00 0.00 0.00 

3.47 8.68 3.12 1.26 3.12 

10.48 77.72 11.60 8.35 11.60 



Nijmber of s h i p s which b e r t h not a t p r e f e r r e d quay 

a) Ships C a r r y i n g I n t e r n a t i o n a l Cargo a t Domestic Quay 

Samudra 2 of 57 2 of 66 18 of 120 
Khusus 0 of 36 0 of 51 6 of 106 
S h u t t l e 0 of 24 0 of 37 0 of 64 
R Barge 1 of 70 1 of 146 28 of 230 
Ships C a r r y i n g Domestic Cargo a t I n t e r n a t i o n a l Quay 

Nusantara 25 of 416 31 of 522 234 of 1180 
L o k a l 24 of 398 11 of 479 118 of 788 
Khusus Dom. 6 of 78 5 of 83 22 of 125 

Number of s h i p s which stop cargo h a n d l i n g one time due to a r r i v a l of s h u t t l e 
(no s h i p stops cargo h a n d l i n g f o r t w i c e or more) 

Samudra 0 1 0 

Nusantara 0 0 4 

L o k a l 0 0 8 

Khusus 0 0 6 

R Barge 0 0 4 

Quantity of Cargo 

i n storage Ave- Maxi-
(1000 tons) . rage . mum 

M A M 

a. NCC-Int 

I n shed 0.96 1.68 1.18 1.86 1.96 3.06 
I n y a r d 1.48 5.16;s 2.14 4.64 4.32 8.61 

(3.20) 
b. NCC-Dom 

I n shed 1.05 1.92 1.21 2.19 2.12 3.00 

I n y a r d 0.84 1.46 1.01 1.64 2.03 2.67 

c l . C o n t a i n e r ( I ) 
' I n shed' _ _ _ _ _ _ 

I n y a r d 0.80 1.91 1.32 2.55 2.52 3.88 

c2. C o n t a i n e r ( I I ) 

' I n shed' - - 0.45 0.83 2.09 3.18 

I n y a r d - - 0.87 1.72 0.43 0.70 

c3.Container ( I I I ) 
' I n shed' 

I n yard 



1990 1995 2005 
7. Routing of Cargo v i a v i a v i a v i a v i a v i a 

(1000 tons) . shed . ya r d . shed . ya r d . ya r d . ya r d 

NCC-Int, 

Outbound 7.13 5.92 9.44 7.82 10.24 8.64 

Inbound 17.44 29.47 23.46 43.45 36.43 87.96 
S u b t o t a l 24.57 35.39 32.90 51.27 46.67 96.60 

b. NCC-Dom, 

Outbound 0.38 1.14 0.49 1.40 0.88 2.53 

inbound 23.21 21.56 28.00 27.07 49.09 55.03 
S u b t o t a l 23.59 22.70 28.49 28.47 49.97 57.55 

c. Container, 
Outbound 
( I I ) Inbound 
S u b t o t a l 

0 9.62 
0 21.59 
0 31.21 

7.44 22.34 
11.26 20.64 
18.70 42.98 

57.33 12.74 
52.94 8.82 
110.27 21.56 

Note: 

WT = Waiting Time 

U+MT = Unmooring + Mooring Time 

ULT = Unloading Time 

LT = Loading Time 

I T = I d l e Time 

PT = P o r t Time 


