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1. INTRODUCTION

Following extensive debate over the last few years on the future of the Korean
container port system, the two ports systemn of Pusan and Kwangyang seems to have
emerged as the favoured path for port development. The government is continuing the
development of Kwangyang container port and is proceeding with the Gadukdo port
project. Kwangyang started service in early 1998 with the first phase scheme and the
second phase scheme is under construction. Gadukdo container port, which is
regarded as an extension of the existing Pusan port, will see the start construction
work at the end of 1998, and is envisaged to come on stream in 2008. However, it is
apparent that these development has not been based on a systems approach. Neither
the government nor the port authority appear to have followed consistent principles in
leading the developments, there has been no masterplan and developments has been
influenced by non-economic factors such as the prejudices of policy-makers and the
seif-centred development ambition of local government.

Moreover, Korea is now faced with its most serious ever financial crisis. IMF has
called on Korea to embark on full-fledged restructuring as a condition for the
provision of the rescue fund. More than ever, it is necessary to adopt economic
criteria in order to achieve optimal development. At least developments should be
based on consistent principles as might be contained in a masterplan which sets out
explicit development economic criteria.

The approach of Shneerson(1981), who has developed a dynamic port system
investment model integrated with optimal port charges, represents good example of
an integrated and consistent approach to the port investment modelling. However, we
note that although the Shneerson model has much theoretical merit it is hard to
implement and make operational. In particular, we are unable to identify how many
alternatives are needed for the model and how much computation is needed to obtain
solutions for the model.

A wealth of technical tools, including good solution algorithms for numerical models,
are widely available. These have been developed by researchers working in many
areas besides transportation. With the development of personal computers, it is easier
to design a more pragmatic modelling approach reflecting the limitations of the data,
time and resources available for a study. This study attempts to develop realistic and
relevant investment planning models for container port developments with aid of a
number of such methods.
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2. MODEL STRUCTURE

The version of the port development problem considered in this paper depends on the
model created by Shneerson. However, the distinctiveness of the study arises from its
demonstration of the usefulness and pragmatism of heuristic algorithm by way of
matching mathematically a framework for dynamic programming with a mechanism
for linear programming.

First, some basic notation is introduced.
A nation consists of N regions, and the total demand for container cargo over time is
given at time ¢ by:

V=(f X ) (1)

The national demands for container cargo at time 1, ¥, , are exogenous.

The demands for region i at time £, E, are derived from a function for distribution
of regional container traffic described in Eq(24).

E, =(E - E") @)

The modal split of each region’s cargo at time 7, F,, is based on a function for
modal split described in Eq(25).

. 1 1 1 2 N
E- - ( P:',Road 3 F.",Ra."! * Ef,(jms.lab:’a{api»g ’ E,Rmvd LR F.‘f,(.'mr.fa}ﬂw‘p_p.ing) (3 )

Also, there are P ports, where Df , 1s throughput in port j at time ¢ .

D, =(D; D) )
Port capacities at time ¢ are given by:

K =(K K}y, (5)
The configuration of new port development at time ¢ is:

]‘ m( Ifl...j;”) (6)
That is, I,=AK,

It is assumed that decision-making on port development is made at certain intervals
which are normally in excess of a year. Such developments typically have a large
budget and are undertaken from a long-term perspective. For this model, we divide
the whole period concerned into a number of stages. Investment at each stage is
constrained by budget i.¢.
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0<I<B Vtel0,T] %)
where B, the maximum budget allowed for a given interval.

Given a number of feasible alternative investment proposals they must be evaluated.
It is difficult to take into account all possible relevant factors consistently and
completely.

It is especially difficult to define and measure the social benefits and costs caused by
large infrastructure developments. To avoid these difficulties, the social benefits are
considered to be constants. Accordingly, the problem is confined to the minimisation
of the total system costs.

The objective function consists of the total system costs associated with container
port development and these total system costs fall into three categories:

( 1) construction costs,

{ il ) transportation cost, that is, costs directly related to the transportation and

( 1ii ) costs related to the infrastructure or the use of it such as terminal
congestion costs.

Transportation costs( ii ) may also include additional costs due to congestion.

Firstly, we calculate the transportation costs per year as a function of the optimal
container traffic flow. At this point, it is noted that under a given investment project
the optimal container traffic allocation between regions and ports is determined
together with the calculation of transport costs. The mathematical formulation
becomes as follows:

N P M
Minimise RK,, Q)= ZZZY:;‘J O

i=l j=1 k=1
(8)
Subject to
A’
Y =Y E fori=1,2,---N
i=]
9
N N M ]
2E =22 F k=12, M
i=1 i=1 k=1
(10)
I)
Fy=2.08 j=1,2, P
=1
(1

(12)
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p
e =0

(13)

where
77 = cost of transporting one unit between region / and port j using

transportation mode system &, adding congestion cost to the cost in the case of
“Road” transport mode.

i =

? = amount of container traffic shipped from region ito port j using

transportation mode k.

Secondly, additional costs accur owing to over-burdened container traffic allocated to
each port:

P
C(K,, D)y=Y.d/ (D}, K/
j=1
(14)
where
d’ = additional costs in ports of container cargo unit incurred by insufficient
handling capacity in port j .

Lastly, we include the construction costs corresponding to the port investment project
proposed:

‘]J
Z(K,, 1)= 2 U/ (K, 1))
. J=1
(15)
where
U/ = construction costs per terminal.

The way we solve this problem is to work with the function V,(K,, 1) which
denotes the total system costs of a certain proposal from the year ¢ to the end of the
planning period T. There is no more new investment at T. Since the planning period
ends at time T, any investment considered will take place before that year.

VK, 1) = { LK, Q) + C (K,, Q) + Z ( K, 1)}

(16)

with

Vi= {RKp, @)+ C(Ky, O}
(17

K=K, I>20
(18)

This is a dynamic optimisation problem. Dynamic programming techniques may be
used to determine the amount and the priority of investment. For this problem, we
start with the smaller problem where the decision has nearly been made and has only
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one more stage to make. The obvious optimal solution for this smaller problem is
made from its current development state to its ultimate development state. At each
subsequent iteration, the problem is enlarged by increasing by the number of stages
left to make to complete the development. For this enlarged problem, the optimal
solution for what to make next from each possible state can be found relatively easily
from the results obtained at the preceding iteration. The details are as follow.

Define

X[(K)= Min(V, (K, L))
(19)

XK= Min(V, (K, 1)+ X (K}
(20)

where ¥, (K, I,) = total system costs of alternative /, at time t

Xf { K,) = optimal total costs at time 1, 2 ..., and t given the state K,

There is an important point that we need to clarify regarding the mathematical
definition of this recursive equation. First, note that X : (K,) is a function of the
argument K, only. This requires the right side of the recursive equation to be
expressed in terms of K, rather than K, _, . This is accomplished by recalling that

K -1 =XK,_ (21)

We can write the Dynamic programming recursive equations substituting Eq(21) into
Eq(20) as

X{(K)= Min{V (K, 1)}
(22) |

XK= Min{V, (K, ID+ X (K- 1)}
(23)

Constraint (9) ensures that the supply of every region is satisfied. However, modal
split also needs to be determined in a way which satisfies the constrains. No
individual shipper or carrier’s behaviour is explicitly shown in this model. The
allacation of a region’s traffic by transport modes based on the following procedure.

First, the regional container volume is estimated by the following function:

N N ) ‘ N .
E'= YUE , + Y E ) (X 1 X)) 1 (X 12X
i=1 j=1 i=1

24)
where

E: = the estimate of container volume in 7 region at f
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i=1,..N

N
Z E :_1 = the demand of container volume over all the regions at 1 -1
isl
X ,';1 = the area (in square km) of the industrial complex in 7 region at
£-1

N
Z X ,’;1 =the area of all the industrial complexes at 7 -1

i=i

In order to determine the modal split of regional container volume we make the
important assumption that the “Road” option is passive, while two other modes have
an active strategy to increase their shares. “Road” offers a more flexible service than
the other modes. Therefore, it is assumed that “Rail” and “Coastal shipping” traffic is
allocated up to their respective capacities and the difference is accommodated by
“Road”. This is shown as follows:

i — i i i
F;,Road - E! - (‘F;,Raif + E,Coa.s-.laisiu’pping } (25)

It is assumed that the annual growth rates of the handling capacities of “Rail” and
“Coastal shipping” can take two levels - high and low. Accordingly, there are four
possible modal split scenarios. '

3. DATA DESCRIPTION

The capability of this model to determine credible solutions for investment plans
depends on the mathematical model formulation and on the reliability of the data
used. As discussed above, total system costs have been chosen as the objective
function to be minimised. These system costs are composed of inland transport costs,
construction costs and terminal congestion costs.

The estimates of unit cost per TEU are based on the following:

(a) We have estimated inland transportation costs by modes using raw data from cost-
based analyses of O/D(origin/destinations) by transport modes as executed by a
leading transport company. Thus, on the basis of primary data between 131 points
and Pusan we have been able to estimate a relationship bewteen Road transport
cost and distance.Similarly, estimates of Rail transport costs by distance have
been based on a survey of primary data between 29 different points and Pusan. In
addition, we have attempted to estimate congestion cost for road transport on
certain routes. This is based on another set of raw data representing the different
levels of delay by sections on the main motorway.

{(b) The estimate of port construction is based on data from the investment proposals
for “ New Container Port Plan” studied by KMI. These proposals include details
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ranging from the costs of foundation engineering work costs to terminal
construction costs. The construction costs have been converted to construction cost
per berth.

(c) As with road congestion it is assumed that terminal congestion cost is based on
the opportunity cost of delayed container cargo. Thus, it has been necessary to
estimate the average value of export container cargo per TEU. The value of
exports has been calculated on the basis of the statistics published in 1995
“Exports by H.S. Heading No” by the Korea Customs Service. The delay time
functions are estimated by regression analysis based on the relationship between
delay time per TEU and excess demand for handling capacity in port. Thus, given
the excess level of handling capacity and the average value of export container
cargo, terminal congestion costs can be estimated for the period in question. The
functional relationship for congestion is based on experience of Pusan. It is
unlikely that a relatively new port will experience the same congestion costs as an
existing port. Thus, in the case of every alternative at each stage, terminal
congestion costs per TEU at ports to be built are based on different and smaller
proportions as compared with that estimated at Pusan.

4. COMPUTATION OF THE MODEL AND INTERPRETATION OF THE
RESULTS

To overcome the computational complexity of this problem, a simplification has been
used. This takes the form of dynamic(Multi-stage) programming with a limited
number of proposals for port investment projects to be determined at certain
intervals.

It is assumed that investment occurs at six yearly intervals. This is supported by the
knowledge that in Korea, the construction period for a typical container terminal is
normally six years, although there can be some variation. Thus we assume four sub-
periods called stages, which make up the whole period of this study. A limited
number of alternative proposals are considered for each of the six year stages, starting
at 2003, 2009 and 2015.

On the other hand, among all the proposals considered, some might not be feasible
because of the restrictions or constraints placed on the problem. For example, there
might be a budget limitation. Additionally, some of the proposals might be mutually
exclusive. Other proposals might be contingent so that one proposal cannot be
selected unless another proposal is also selected. Thus, depending on the restrictions
present, the number of feasible alternatives can be considerably reduced by stages as
shown in Tabie Al or A2. The following assumptions are adopted for this study:

(1) Each berth is assumed to handle 240,000 TEU per year.

(2) In this model, the totai number of additional berths allocated at all three stages is
34. This is based on the assumption that demand at the end year of the third stage is
satisfied. The substate at each stage is constrained by the investment budget.
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(3) A container port terminal normally consists of 4 or 6 berths. This figure is
determined by economies of scale in provision.

(4) According to its development plan, the total number of berths to be built at
Kwangyang is assumed to be no more than 20 and at Kadukdo, no more than 21.

Thus, at each stage, a feasible sef of alicrnatives for terminal development may be
defined. The addition of berths at any port would incur both port construction costs as
well as the cost of the lowest cost traffic allocation and would imply a particular cost
structure at the following stage. The economic worth of the costs associated with each
investment alternatives can be measured in different ways. Present Value and Annual
Worth(AW) methods are two commonly used approaches. Here we prefers to express
the net economic worth of an investment alternative as a single sum amount. Hence,
the present value method is used. The method converts all the costs to a single sum
equivalent in 1997 prices using a given interest rate. A further practical difficuity is to
decide upon which interest rate to use in the calculations. This could be public sector
discount rate, money market rate, corporate bond rate, deposit rate, or lending rate. At
this point, we have to consider the inflation rate in our choice of interest rates because
the real interest rate is obtained by subtracting the inflation rate from the nominal
interest rate. The corporate bond rate is regarded as the nominal interest rate in this
study. In the last five years, the average corporate bond rate was calculated at
13.86 % and for the same period, inflation was 5.11 %. The ex pos? real interest rate
was therefore 8.75 %. Thus, we initially adopt 10 % as the standard rate.
Subsequently, we use sensitivity analysis in order to analyse the effects of different
interest rates, i.e.7 %, 13 %, respectively.

The share of each transport mode in cach region’s container traffic 1s based on the
current capacities of each mode. In practical the modal split of each region’s
container traffic would depend on the annual growth rates of “Rail” and “Coastal
Shipping”, but we do not know these growth rates. Accordingly, the model is run at
scenarios which represent the alternatives of high and low levels of the growth rates
by “Rail” and “Coastal Shipping”. Thus, the four scenarios are *Coastal Shipping”
are : (1) “Rail” : 3%{growth) and “Coastal Shipping” : 6%(growth) ; (2) “Rail” : 3%
and “Coastal Shipping” : 9% ; (3) “Rail” : 6% and “Coastal Shipping” : 6% ; (4)
“Rail” : 6% and “Coastal Shipping™ : 9%. Road acts as a residual.

We have determined the optimal development of container ports for the whole period.
Table Al shows total system costs of all stages considered under scenario 1, 2, 3 and
4 using i = 10 %. Total system costs of all stages under scenario 4 using { =7 %, i =
10 %, i = 13 % are presented in Table A2. In order to identify the overall optimal
solution, we must find the lowest total system cost under Scenario 4 from Table Al.
We see that the top five projects for new container port development are as follows:

<Table 1> Top Five Optimal Alternatives under { = 10 %.

Alternative Present Value
Stage 1 Stage2 Stage 3 for Total System Cost*
(0,8,0) (0,12,0) (0,0,14) 9.53
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0,80 {0,10,0) (0,0,16) 9.55

(0,10,0) (0,10,0) (0,0,14) 9.64

(0,8,0) (0.8.4) (0,4,10) 8.66

(0,8,0) (0,6,6) {0.,6,8) 973
Notes: The figures in brackets are additional berths at Pusan, Kwangyang, Gadukdo, at each
stage.

* All figures in § billion

The optimal plan over the whole period is the initial through the development of 8
berths in Kwangyang - this lasts until 2002; then 12 berths in Kwangyang from 2003
to 2008 and finally 14 berths in Gadukdo from 2009 to 2014.

On the basis of this investment programme we can also predict the development of
optimal inland container traffic flows over the plan period. Thus at the beginning,
Kwangyang port will attract the majority of the container cargo from Sudo by Road.
With the entry into service of Gadukdo port after 2014, part of this container traffic
will switch to Gadukdo port. Cargoes from Sudo by Rail and Coastal Shipping will
head to Pusan port and as soon as Gadukdo port starts service, Gadukdo port will take
all the container cargoes by Rail. For container cargoes originating in Pusan,
Kyongnam and Kyongbuk, Pusan port and Gadukdo port will take exclusive charge
because of their geographical proximities to these regions. Container cargoes by
Road originating elsewhere will be handled at Kwangyang port, while the container
cargoes by Rail will be concentrated at Pusan and after 2014 will be taken over by
Gadukdo port.

5. CONCLUSIONS

In this paper, we have applied the systems approach in order to identity an optimal
container port development plan in Korea. At each stage, we formed a set of feasible
alternative. Total system costs were calculated by using a mathematical model which
combines linear and dynamic programming. Total system costs of all feasible
combinations have been calculated. A combination having the lowest total system
costs has been identified as the optimal container port investment scheme. The top
five optimal alternatives have also been identified. Consideration of the top five
optimal alternatives show that Kwangyang port should be given priority for the new
container port development over other ports being planned. Gadukdo development
should follow only after Kwangyang port has been developed completely, Gadukdo
development should follow. Additionally, we have run the model under different
assumptions about annual growth rates by Rail and Coastal Shipping and for different
interest rates. This resuits in virtually no change in the top five alternatives - only
with the higher interest rate i.e. 13 %, is the optimal project is altered. However, the
change does not seem to be very significant since Kwangyang port maintains its
general priority over Gadukdo port.

67
Copyright (C) 2005 NuriMedia Co., Ltd.



A Systems Approach to the Korean Container Port Development /| 2187|

References

Bazaraa, M. S., 1. J. Jarvis and H. D. Sherali, 1990, Linear Programming and
Network Flows, New York, John Wiley & Sons.

Goss, R. 0., 1967, Towards an Economic Appraisal of Port Investment, Jowrnal of
Transport Economics and Policy, Vol.1, No.3, 249-272.

Goss, R. 0., 1990, Economic Policies and Seaports:1. The economic functions of
seaports, Maritime Policy and Management, Vol.17, No.3, 207-219.

Jansson, J. O. and D. Shneerson, 1982, Port Economics, Cambridge, Massachusetts,
The MIT Press.

Johnson, J. C. and D. F. Wood, 1996, Contemporary Logistics(6th ed), New Jersey,
Prentice-Hall.

O'sullivan, P., G. D. Holtzclaw and G. Barber, 1979, Transport Network Planning,
Guildford, Biiling & Sons Ltd.

Ortuzar, J. d. D. and L. G. Willumsen., 1994, Modelling Transport(2nd ed),
Chichester, John Wiley & Sons.

Shneerson, D., 1981, Investment in Port Systems: a Case Study of the Nigerian Ports,
Journal of Transport Economics and Policy, Vol.15, No.3, 201-216.

Taha, H. A., 1992, Operation Research(5th ed), New York, Macmillan Publishing
Co.

Vanags, A. H., 1977, Maritime Congestion: An Economic Analysis, in R.O. Goss(ed)
Advances in Maritime Economic Analysis, Cambridge, Cambridge University Press.

Appendix

<Table A1> Present Value of Total System Costs by Alternatives up to Stage 3

The output of The decision state  The decision state Total System Costs*

Stage 1, of Stage 2, of Stage3, i=7% i=10% i=13%

{0,4,4)) (0,4.8) (0,10,4) 1453 10.32 7.58

(0,8,6) 14.67 10.40 7.63

(0,6,8) 14.80 10.49 7.69

{0,6,6) (0,10,4) 14.31 10.15 7.45

(0,8.6) 14.44 10.24 7.51

0,6,8) 14.58 10.32 7.56

{0,4.10) 14.71 10.41 7.62

{0.8.4) (0,8,6) 14.22 10.07 7.39

(0,6,8) 14.35 10.16 7.44

(0,10,4) (0,6,6) 14.27 10.13 7.45
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04,8 14.41 1022 7.50
{0,10,0) (0,6,10) 13.99 9.86 7.20
{0,4,12) 14.13 9.95 7.25
(0,12,0) (0,4,10) 14.05 9.92 7.26
(0,0,10) {0,16,0) 14.46 10.26 7.54
{0,12,4) 14.73 10.43 7.65
e L (0,10,6) 14.86 10.52 7.71
080) (048 (038 1397 981 T TIT T
(0,6,8) 14.10 9.90 7.18
{0,4,10) 14.24 9.98 7.23
(0,6,6) {0,6,8) 13.88 9.73 7.05
(0,4,10) 14.01 9.82 7.1
(0,8,4) (U,4,10) 13.80 Y.66 6.99
{0,0,14) 14.06 9.83 7.10
(0,10,4) (0,0,12) 13.99 9.81 7.11
(0,10,0) (0,0,16) 13.73 8.55 6.87
{0,12,0) (0,0,14) 13.66 0.53 6.87
(0,0,10) {0,10,6) 14.14 992 7.18
_ 0,12,4) 14.00 9.83 7.13
U100 T 048 066y 1410 ¢ 998 730
(0,4,8) 14.24 10.06 7.36
(0,0,12) 14,50 10.23 747
{0,6,6) (0,4,8) 14.29 10.07 7.35
0,0,12) 14.02 9.90 7.24
(0,8,9) (0,0,12) 14.07 9.92 723
(0,10,4) {0,0,10) 14.00 9.90 7.24
(0,10,0) {0,0,14) 13.74 9.64 7.00
(0,0,10) {0,10,4) 14.14 9.99 7.31
(0,8,6) 1427 10.08 7.37
(0,6,8) 14.41 10.17 7.42
(0,4,10) 14.54 10.25 748
RV X 048 046 1425 1015 749
(0,0,10) 14.51 10.32 7.60
(0,6,6) (0,0,10) 14.30 10.16 7.48
(0,8,4) (0,0,10) 14.09 10.01 7.36
{0.0,10) (0,83,4) 14.28 10.16 7.50
(0,6,6) 14.41 10.25 1.55
_ 0,4,8) 14.54 1033 7.60
Notes: The figures in brackets are additional berths at Pusan, Kwangyang, Gadukdo, at each
stage.
* All figures in § billion
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<Table AZ> Present Value of Total System Costs by Alternatives up to Stage 3

The output of ~ The decision state ~ The decision state Total System Costs*
Stage 1, of Stage 2, of Stage3, © Scenario
| 2 3 4
(0,4,3) {0,4.8) (0,10,4) 10.50 10.47 10.35 10.32
(0,8,6) 10.59 10.55 10.43 10.40
{0,6,8) 10.67 10.64 10.52 10.49
(0,6,6) (0,10,4) 10.34 10.30 10.19 10.15
(0.8,6) 10.42 10.39 10.27 10.24
(0,6,8) 10.51 10.47 10.36 10.32
(0,4.10) 10.59 10.56 10.44 10.41
(0,8.4) (0.,8.6) 10.26 10.23 10.11 10.07
(0,6,8) 10.35 10.31 10.19 10.16
{0,10,4) (0,6,6) 10.32 10.28 10.17 10.13
{0,4,8) 10.40 10.37 10.25 10.22
{0,10,0) {(0,6,10) 10.05 10.01 9.90 9.86
0,4,12) 10.13 10.10 9.98 9.95
{0,12,0) (0,4,10) 10.11 10.07 9.96 9.92
(0,0,10) (0,16,0) 10.45 10.42 10.30 10.26
0,12,4) 10.62 10.59 10.47 10.43
(0,10,6) 1071 1067 1055 1052
T80 T T 048 086 999 996 985 981
(0,6,8) 10.08 10.05 9.93 9.90
(0,4,10) 10.16 10.13 10.02 9.98
(0,6,6) {0,6,8) 9.92 9.88 9.71 9.73
(0.4,10) 10.00 9.97 9.85 9.82
{0,8.4) {0,4,10) 9.84 681 2.69 9.66
(0,0,14) 10.01 5.98 9.86 9.83
0,10,4) (0,0,12) 9.99 9.95 9.84 9.81
{0,10,0) (0,0,16) 9.72 9.69 9.58 9.55
0,12,0) (0,0,14) 9.70 9.67 9.56 9.53
{0,0,10) (0,10,6) 10.10 10.07 995 9.92
____________________ (0,12.4) 10.02 998 9.87 9.83
(0,10,0) 048 (066 1016 103 1001 998
(0,4,8) 10.25 10.21 10.10 10.06
(0,0,12) 10.42 10.38 10.27 10.23
(0,6,6) (0,4,8) 10.09 10.05 9.94 9.90
' (0,0,12) 10.26 10.22 10.11  "10.07
(0,8,4) (0,0,12) 10.09 10.06 9.95 9.92
0,10,4) (0,0,10) 10.07 10.04 9.93 9.90
{0,10,0) (0,0,14) 5.81 9.77 9.67 9.64
(0,0,10) (0,10,4) 10.18 10.15 10.03 9.99
(0,8,6) 10.27 10.23 10.12 10.08
(0,6,8) 10.35 10.32 10.20 10.17
________________________ (0,4,10) 10.44 10.40 10.29 10.25
{0,12,0) (0,4.8) 04,6y 1033 1030  10.18 {05
(0,0,10) 10.50 10.47 10.35 10.32
(0,6,6) (0,0,10) 10.34 10.31 10.19 10.16
(0,8,4) (0,0,10) 10.18 1015 10.04 1001
(0,0,10) 0,8,4) 10.35 10.31 10.20 10.16
(0,6,6) 10.43 10.40 10.28 10.25
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(04.,8) 10.52 10.48 10.37 10.33
Notes: The figures in brackets are additional berths at Pusan, Kwangyang, Gadukdo, at each
stage.
* All figures in § billion
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