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PREFACE

In response to the request of the Government of the Republic of Chile,
" the Jépanese Government decided to conduct a study on the Project Tfor
Development of the Ports of Valparaiso and San Antonio and entrusted the
study to the Japan International quperation Agency {J.I.C.A). J.I1.C.A sent
to Chile a study team headed by Mr. Kétsuﬁiro Suzunai, Senior Adviser, The
Overseas Coastal Area Development Institute of Japan (0.C.D.I), and
comprising experts of 0.C.D.I and_Pacific Consultants International from
September to December, 1985.

- The team had discussions on the project with the officials concerhed.of
the Government of Chile and conducted a field survey. After the-'team
returned to Japan, further studies were made and the.present report has béen
prepared, . .

I hope that this report will sérve for the development of  the Project
and . contribute to the promotion of friendly relations between our two
countries.

1 wish to éxpress.my deep  appreciation to the officials concerned of
the Government of the Republic of Chile for their close cooperation extended

to the team.

August, 1986

. : P/é/&/é /W,é—_——-

Keisuke Arita

President

Japan International Cooperation Agency






Letter of Transmittal .
August, 1986

Mr, Keisuke Arita

President;'Japan International Cooperation Agency

Dear'sir, }

It le my great pleasuve to submit herew1th to you the Study Report on
“the Development Plan of the Ports of Valparalso and San Antonio.

'-Thls report 1ncorporetes the results of studies which The Overseas
Coastal Area Deveiopment Institute of Japan and Pacific Consultants Inter-
national have JOlntly carried out at the request of the ‘Japan Internatlonal
-Cooperatlon Agency

' Regardlng this project “our study team canducted three series of field-
surveys,kone of whlch took place from September. 24 to December 13, 1985 to
collect\'a- varlety of data-_lnclud;ng data concerning natural cénditions.
Based on' the findinge of these surveys as well as on the data and infor-
mation colleeted and analyses in'Japan, we have formulated Development Plans
and Immedlate Restoratlon Plans for the Port of Valpairaiso and San Antonio,
and a. Restoratlon and Improvement Plan for the Port of Valparaiso. '

We ‘believe that the Development Project of the ports as proposed in
: thls-'report will’ _prov;de_ an effectlve means to promote the economic
development of the Metropolitan Region and of the entire nation, and the
provieion“of*aeeismic facilities as proposed in this report is an urgent
matter to ensufe the national eecﬁrity congidering the seisiic risk '

It is my great pleasure to hear that Lhe Chllean Government intends to
comm1851on a feasibility study and a detalled design study for thlS project
using fundlng_whlch will be prov1ded_by the World Bank. I hope that these
studieé'will begin very s00n- 50 that'the Project can be implemented as soon
_as possﬂ)le _ R _' ' o

On behalf of the study team, let me expness my heartfelt thanks to the
varlous agen01es of the Chllean Government for the generous cooperetlon,
-a531stance and warm hospltallty which were extended to the study - team durlng

our stay in Chlle.



Our thanks are also due to the Japan International Cooperation Agency,
the Ministry of Transport, the Ministry of Foreign Affairs and the Japanese
Embassy in Santiago for their valuable advice and support during the field

surveys and the preparation of this report.

Yours faithfully,

. %
u_,&u/mm_,
" Katsuhiro Sﬁzunai
Head, Japahese'Study Team
- for the Development Project
of the Ports of Valparaiso and
'San Antonio

(Senior Adviser, The Overseas Coastal

Area Development Institute of Japan)





















CHAPTER I BACKGROUND OF THE COUNTRY

1. General

Chile is located in the  southwest extremity of South America. It is
situated between latitude 17°30' S. and 56°32' S., and longitude 66°30' W.
and 75°#40'-W. The total length of the country from its northernmost part to
its southefnmdst part is 4,270 km, and the average breadth from east to west
is 262 km. With a total area of 756 thousand kmz, Chile has 11.275 million
inhabitants, according to a population census taken in 1982.

'Chile experiences a large number of earthquakes since it is situated in

the cireumpacific earthquake zone.
2. Social Conditions

As for the land use, close to 69.6%, or 526 thousand km2 of Chile's
total land area of 756 thousand km-2 is comprised of desert and mountainous
areas., - Of the remaining land space, 17 thousand km® (2.2%) is used for
agrlculture, 129 thousand km2 (17.1%) for cattle breeding and 84 thousand

(11 1%) for forestry, .

As for the population, Chile's total population at the end of June 1985
is estimated as 11.858 millionh, with an é#erage annual increase of 1.71%
over the last 10 years.

However, the populatidn.flow intc the Santiago metropoiitan region is
particularly notable.  The average growth rate of the population in this
:egion'during the last 10 years is 2.34%, which is much higher than the
national éﬁerage., Santiago’s current population is 39.3% of the total

population of'the country.
3. . Economic' Development

The average annual - growth rate of Chile's GDP during the last 10years
is 3.6%. The annual GDP growth rate between 1977 and 1981 was high
(5.7% - 9.0%). However, the GDP for 1982 showed a 14, 1% decrease compared
witﬁ-the ﬁrev1ous year's figure. In 1983 and 1984, the GDP growth rate
showed a tendency toward recovery. :

Chilean exports and imports in 1984 totaled US$T 007 million. This is
' roughly 2.25 times the total export and import figure 10 years before. The

average annual growth.rate of the foreign trade durlng these ten years was

—f-



9, 4%, _ ,

In 1984, the Chilean total export value was US88$3,650 mitlion. Copper
is the one of the major export commodities representing 43.9% of the total
export value in 1984. With the economic recovery in Chile in 1984, total

imports reached US$3,357 million, an increase of 19.1% over the 1983 figure.
I,  Transport

The total length of roads in 1983 is 78,588 km.

The share of paved roads 15'12.2% and that of principal roads (national
roads and regional roads) is 28.1%. The density of all roads is 0.10%
km/kmz. .

The total lengths of the hational railway and of private railways in
1984 are 7,889'km and 1,343 km, respectively. The ratio of electrification
of national railways is.21.0%. _

There are 68 ports.of various sizes in the Republic of Chile. . These
are classified as national ports, specialized ports, private ports and ofher
ports. Ten of the national- ports inciuding Valparaiso and San Aﬁtonio Ports
are controlled by EMPORCHI, _

There are 22 airpbrts in Chile including 9 international airports, and

the number of airplanes owned by Chilean carriers is 25 planes.



CHAPTER II NATURAL ENVIRONMENT
1. The port of Valparaiso_

The port of Valparaiso is situated at the southern'tip of Valparaiso
Bay. ‘The bay is widely open to the Pacific to the northwest along 15 km of
coastline betwéen Punta.AngeieS and Punta Concon. Punta Angeles natufally
shelters the port from offshore waves except for the 'northerly and
northwesterly waves that afe'pfedominént'in the winter season.

- The ' seabed ‘shows a Vef,y steep slope ‘away from the shore until it
becomes almoSt-flét at ‘a water depth of around 40 m.

The Qlimate'is a Mediterfanean climate with a warm, dry sumrer season
and a wet winter. Mostly éduthWesterly winds prevail throughout the yeaf,
but northerly-and'notheasterly winds become somewhat frequent during the
winter season. |

Southwesterly waves generally prevail along the coast of Valparaiso,
“but the offshore. high waves which -affect the port of Valparaiso are the
northerly and.no:thwesterly waves which prevail in the winter. season and
occasionally_becoﬁé'strong._ It is estimated that offshore waves of 9.2 m in
height may occur once in 50 years. _ '

The subsoils at the port area prihcipélly consist of sands except for
those around existing berths no.6 to 8 and at Baron pier, and the beéring

stratum is sﬁpposed to be about 4 to 10 m below the seabed.
2. The Port of San Antonio

The port of San Antonio is protected from the west by a breakwater
extended to the north from the_southefn part of the $aﬁd'beaéhes. The mouth
of thé pdrt'opens to fhe Paéific Ocean to the northwest where ocean deeps
_run east to_west, forming a deep water area inside the port.

The climate‘at San Antonio is quite sumilar to that at Valparaiso with
a.warm,-dry'sqmmer'seasdn and.a wet winter.: Southwesterly winds are most
common during mdSt of the year,.but winds from direcfions other than the
northéast ahd,horth oécur at about the same frequency in the winter season.

It is estlmated ‘that extremely hlgh waves of 11.2 m in height from the
WSW SW will probably occur at San Antohio once in H0 years.

The subsurface so0ils at the port area consist of alternate hard layers
of sands and clays;_ The bearing Stfatum is supposed to be about 10 to 15 m

below the seabed,.



CHAPTER IIX PRESENT SITUATION OF THE TWO PORTS

1, Usage of Port Facilities

" The Ports of Valparaisc and San Antonio share the same hinterland which
mainly includes the'Séntiago Metropolitan'ﬁegion and Regions % through 7.
Together the ports handle about 20% (annual cargo volume: 3.4 million tons)
of the total national foreign trade.

Valparaise and San Antonio.aré commercial ports'suppOPting'the_socio—
economic activities of the area centered.afound the_Santiagb metropolitan
areag and the ports are somewhat speciaiized; as the pbrt of Valbéraiso'
mainly handles general cargoes and the Port of San Antonio primarily handles
hulky cargoes. ' _

The facilities of both ports are shown in Tables 1 and 2, and . the
volume of cargo handled at each port from 1962 through 1984 arée shown in
Fig.l. As the berth occupancy ratio dt each port was about 409 in-l984, the
ports had some exéess capacity conéidering the cargo volume. _

However, after .the carthquake, the Port of San Antonio “has ‘become.
congested because the port facilities .sufféred' serious damage :from the

earthguake.
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2. Damages by the Earthquake on March 3, 1985
(1) Extent of Damages

1) The Port of Valparaiso

The damages from‘ the earthquake on March 3, 1985 to the berthing
facilities and the adjacent yards were heavier than the damages to ;the
buildings. The most remarkable damages were caused by the sliding and
rotation of qUaywalls towards the harbour wiﬁh deformation of more or less
decimeter scale. Gaps between concrete hlocks were also observed in the
submerged portlons of the quaywalls

It is also observed that the aging or deterioration of structural
members of berthing facilities has progressed. In particular, the
deterioration of the ‘longitudinal beams of Baron pier is remarkable and
appears dangerous. ' ' '_

Most of the wharf cranes and ralllngs damaged by the last earthquake
have already been repaired. However, wharf cranes .at berths 4 to 8 are
presently difficult or impossible to use for normal cargo handling
operations due to a considerable degree of rail deformation. The warehouses
suffered minor daméges.

The extent of démages and.aging to the befthing facilities is summa-

rized in Table 3.

2} The Port of San Antonic

The damages to the befthing.facilities.at San Antonio are much heavier
than the damages at Valparaise. The virtual destruction ~of the gravity
quaywalls of berths 1 and 2 are most remarkable.

The steel sheet pile walis of berth 3 were tilted tqwards the harbour
on a scale of 70 to 100 cm.. Howevér, ﬁo significant - damage to the steel -
sheet pile walls of berth 4 took placé éxcept _for a slight seaward
deformation of the copeline and some settlement behind the quaywails.

The deck structure and the foundation piles of berth 5 sufferd no
damage at all, but the gravity type retaining-'walls- settled and tilted
considepably. The rear cope of the deék structure of berths G_and 7 seétled
about 60 cm. The concrete foundatidn 'biles tilted toward the harbour.
Deterioration of the top of the concrete plles ‘and severe corr0310n of the
steel plleS were observed and appear to be dangerous._

The damages to wharf cranes at berths 1. and 2 were QUIte heavy. On the

other hand, there was no damage to the wharf cranes to herths 5 to 7.

B



The extent of damages and aging to the berthing facilities is shown in
Table 4

{(2) Outline of the Farthquake

The earthquake on March 3, 1985 was thé'largest earthguake in central
Chile since 1906. - The earthquake had a surface wave magnitude of Ms = 7.8
‘and caused an earthquake intensity of VII to VIII at Valparaiso and VIII at
San Antonio on the Modified Mercari Scale. The location of the epicenter
was about 40 kn east from the port of San Antonio.

The earthquake had partiéulap characteristics including long.duration
and long period vibrations, widespread groundshaking., 1arge aftershocks and
a focal depth of 15 - 30 km. All these characteristics are basically common

to large subduction earthquakes like the March 3, 1985 event.
3. Stability Investigation

(1) Stability of Original Structures _ _

The minimum seismic coefficient at which the existing structures become
unstable is clarified based on statid analysis by the seismiC'coefficiént
method. : The seismic résistance of the berth structures except for berths 3
and 5 at San Antonio is minimal.  The structures turn out to be unstable at

a seismic coefficient of less 0.17.

{2) Dynamic Soil Response Analysis during the - Farthquake .on March 3, 1985
The investigation on the'dynamic ground motiocns of the last earthquake
was cafriéa out by adopting a dynamic soil response analysis at 3 locations
in each port. The results show that the possible ground surface aécelera—
tiqﬁs during the earthqﬁake would have_been as'follows on the basis of the
SMAC-B2 accelerographs used. in Japan.
Valparaiso : 238 —'334 gals
San Antonio i 427 - 629 gals
The ground surface-écceleration on the basis of the SMA-1 accelereo-
graph which is used in Chlle is about 30% larger than the above figures
which are on an SMAC-B2 accelerograph basis.
~ The 90331b111ty of soil llquefactlon was also investigated based on the
standard method of assessment used in Japan No p0551b111ty of goil ligquefa-
ction is obtained at the port of ValpaPalsO, but at the port of San AnLonio,
the upper backfill soils at berths 1 and j would have p0381bly llquefied

. during the earthquake vibrations of 430 gals on the groung surface.

wgm



(3) Possible Causes of Damages

The chain of damages to the structures at the port of Valparaiso appear
clearly to have been caused by the strong ground motions of the last
earthquake. Apart frém the strong motions of the earthquake, such other
factors as long term water action, aging and long term subgoil settlement

may have intensified the damages.

The severe damages to the port of San Antonio were caused by the strong -
ground motions 6f the earthquake, which wére more intense than those "at
Valparaiso. Possible soil iiquefaction during  the earthquake may have
resulted in the considerable damages to berth 3. although it seems that ﬁo
damage was caused to the deck of berth 5, some of the pier.foundation piles

may have suffered plastic deformations.
b, Assessment of the Present Conditions of Port Structures

(1) Restoration Measures Needed Immediately

The measures for immediate restofation of the ~damaged port structures
should aim at restoring the facilities so that normal port operations can be
carried out urgently. It will be prudént to review . such restoration
measures in the. framework of the future development plan, -giving  due
consideration to the economic situation of Chile. Among other items, the
rehabilitation measures for berths 9 and 10 at Valparaiso and berths 1,2,6
and 7 at San Antonio must be subject to the future development plan.

It is also preferable to immediately suspend the use of berths. 9 and 10
at Valparaisc and berths 6 and 7 at San Antonio because the deterioration to

the structures appears dangerous.

{2} Restrictions for Usage

The measures proposed in our imnediate resforation plan afe no aimed at
improving the seismic resistance of the existing structures. -“Therefore, the
immediate restoration program neceéssitates various restrictions fbr gafe
cargo handling. These should be determined by the Government: of ‘éhile
giving sound consideration to the enginéering aspects and -to the national

economic policy.

(3} Remaining Useful Life

The remaining  useful life expectancy of 'the-'bérthing facilities is



largely dependent upon the seismic risk in the future, the deterioration of
the structures and the acceptable destﬁuction'risk'lovel to be determinod by
the Government' of Chile. Expect for berths 3 to 5 at San Antonic, the
remaining useful life expectancy of the facilities is more or less 5 to 10
years in view of the aging 6r deterioration of the existing structures.
Full-scale remedial measures will bhe needed at least once within the

remaining life of the structures.

—11-
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1.

CHAPTER TV OVERALL CONCEPT FOR THE MASTER PLANS

General Principles Tor the Master Plans

The general principles for formulating the master plans of the -two

ports are as lollows.

(@ The plans shall include modernization of the port facilities, operation

systems and administration systems. Relevant land transportation
infrastructures and the land areas adjacent to the ports shall also be

developed as part of the overall development scheme.

The marine transportation needs of the area shall pe fulfilled by the
two ports, and the two ports shall. not compete with each other.
Rather, the Ffacilities at the two ports shall be’ complementary .
Overall the two ports.shall be planned as if they were one wide-Tange

port.

At least one aseismic terminal shall be prepared at each of the ports.

The historical assets and the historical develdpment of the ports shall

be considered in the planning process.

The two ports shall respond to the urban development of their respec-

tive port cities.

Basic Concept for the Master Plans

In accordance with the analyses of the present situation and the

general principles, we propose the basic concept for each of the master

plans as follows.

(1)

1}

2)

Port of Valparaiso

Establishment as a base port

{ The base port for container cargo

@ The base port for foreign cargo

@ The base port for domestic general cargo

@ Aseismic Terminal

Separation of functions

#14#_



3} Expansion by reclamation

4) Realizatién of a saPe port

5) Preparation of recreation areas

(2) Port of San Antonio

1) Establishment as a base port
@ The base port for bulky cargo
@ The terminal for multi-purpose use
@ Aseismic terminal

2) Separation of functions

3) Port expansion

4) Realization of a safe port

—— 15 —



CHAPTER V DEMAND FORBECAST

Two methods are used to forecast the cargo volume. One is a macro
forecast which is a method to estimate the total cargo volume as a whole
including many commodities. The dther is a micro forecast, which is a
method to estimate thé cargo volume of each commodity or commodity group
individually. _

For the macre forecast, the method is to relate the past nationél cérgo-
handling volume with national social or economic indices such as population
or GDFP, and to foréeast the future cargo volume using the future. estimates
of these national figures. The forecast cargo volume is then divided into
the cargo volume at each port, in consideration of the share of the paét
cargo handling volume and of the national -and regioﬁal'.socioeconomic
indices.

For the micro forecast, the Future cargo volume of fruit, copper wheat
and other general cargo is estimated. The cargo forecast by commodities was
executed in the DhLLtimodal Corridor Study, and the forecast volumes are
adopted here based on our review. _

Comparing the total foreign cargo volumes obtained by the macro and
micro forecast metheds, the forecast cargo volumes seem to be within an
allowable difference. Herein, the forecast volumes of cargoes handled at
both ports in the target year obﬁained by the macro forecast are adopted.
The future cargo volumes at each port are shown in Table 5.

The estimated cargo throughput in 2010 is about 4,880 thousand tons at
the Port of Valparaiso and about 3,310 thousand tons at the Port of San

Antonio.



" Table 5 Cargo Forecast Summary

{a) Port of Vniparaiso

{1000 tons)

Year 1990 | 1995 | 2000 | 2005 | 2010
_ o General Cargo 465 Ly 4 54 500 528
I : .
MPOTLS | Container Cargo | 1,006 | 1,393 | 1,639 | 1,805 | 1,997
Sub-Total 1,471 | 1,835 -1 2,003 | 2,305 | 2,525
F . T R N
porelsn Fruits & Veg. 523 | 523 | 532 | sel| 507
[ 5 ! -
Exports | COPPeT 225 225 210 210 | 210
"General Cargo 74 104 176 2106 240
Container Cargo 289 455 793 973 | 1,087
Sub-Total 1,111 | 1,307 | 1,711 | 1,960 | 2,13
Total 2,582 | 3,142 | 3,804 | 4,265 | 4,659
Domestic 196 192 183 172 178
Grand Total 2,778 3,334 3,987 4,437 ﬁ,837'
{(b) Port of San Antonio
' ('000 tons)
Year - 1990 | 1995 | 2000 | 2005 | 2010
Wheat agy | 472 | s18 | 629 | 724
Imports | General Cargo 661 655 | . 716 787 882
Container Cargo 178 246 289 318 352
Sub-Total 1,320 | 1,373 | 1,523 | 1,734 | 1,958
Foreign Fruits & Veg. 135 139 | 142 149 1 156
Trade
. | Copper 644 723 480 480 | 480
Fxports 1 General Cargo 70 109 | 230 | 203 | 454
Container Cargo 54 84 146 | 178 | 199
Sub-Total 885 | 1,055 | 998 | 1,110 | 1,289
Total 2,223 | 2,428 | 2,521 | 2,844 | 3,247
Domestic 73 7 67 | 63 66
Grand Total 2,296 | 2,505 | 2,588 | 2,907 | 3,313

— T -




CHAPTER VI INLAND TRANSPORT SYSTEM

- The study on the desirable future transport system in the hinterland of
the ports of Valparaiso and San Antonio considers not only appropriate
countermeasures for the probiems of the bresent transport syStem,.but also
the future demand for each mode and the need to support the future port
functions.

Therefore, we emphasize'the following asbects in the study:

- Usagé_conéidering_tha characteristics of each mode
~ Dissolution of bottlenecks in the existing_tranéport gystem

- Coping with the modernization of the ports

Coping with the ﬁual Back-up System

The involvement of the private sector

1

Therefore, in this study, we determine the future modal spilt of the
transportation system between the hlnterlands and the poris of Valparaiso
and San Antonio using a Logit model based upon a theory of consumer
behavior. .

The results of the estimation of the desirable modal split in 2010,
using the social transport cost, are illustrated in Fig. 2 and 3.

Table 6 and Fig. U4 present a Summary.of Lhe desiréble future  inland
transport system in the hinterland'of,the ports. In Tabie 6, tﬁe stages of
each individual project are presented. '

The stage strategy is as follows:

- 1st Stage (1986 - 1990)

- projects aiready under construction

- urgently necessary progects

- projects with suff1c1ent demand at present
- 2nd Stage (1991 - 1995}

~ projects which reguire a long time to cdmplete
~ 3rd Stage (1996 - 2010)

- projects related to containerization

Further, the role of the private sector in the above-mentioned systém'

is as follows:



Development and management of the inland container terminal
Ownership and management of wagons for unit trains -
Transport and.handling of' the cargoes from door to ship
The maintenance work of the railway system

Recorganization of the trucking firms

2008
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Tablé 6 Summary of the Projects for the Future Hinterland

Transport Syétem

Item

Projects

Inter-regional

Roads

= Double hiphway projecfs
- Route 68 completion of the route throughout ~ (1)
- Route 78 (El Paico - Melipilla) (2) o
- Paving projects (:)
- Routes H-66-G and G-830 .
{Las Cabras - Reten Atalaya)

Access Roads

-~ Port access road projécts . (D). _
- Valparvaiso (Av. Argentina-Av. Erraqurif by under-pass

-~ San Antonic {New access to the east of city)

- Inland container terminal access
road projects (in Santiago) (3) .
- Av. Americo, Vespucio (Completion of route throughout)

- Improvement of carrying capacity projects ()

Railways
- Develop and introduce container wagons
- Increase the maximum loaded weight
per wagon
~ Unit train projects
- The Valparaise Line  (3)
- Container cargo unit train (Freight Liner)
~ The San Antonic Line (D)
- Wheat unit train (Freight Liner)
- Copper unit train (Freight Liner}
Inland - Inland container terminal zone (3
Terminal ~Located at Renca,

also functions as a customshouse,

(Hote)

OF

Ist stage (D: 2ad stage (3): 3rd stage
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CHAPTER VII ALTERNATIVE MASTER PLANS
1. Allotment of Container Berths between the Two Ports

Based on the present trade patterns and the cargo predictions, it seems
that the non-container cargoes will econtinue to follow the same trading
routes in the. future as at present. Thus, the alternatives considered
herein are élternative'locatiOns for the necessary container berths. The

different alternatives are evaluate'baSed on the following criteria:

‘Least cost analysis from the economic viewpoint
Natural conditions :

Port-related infrastructures and established port functions

CREMOIS)

The preferences of shipping companies

The results of the ahove.analysis suggesf thaf the Port of Valparaiso
has advantages under each CPltePla ‘compared w1th the Port of San Antonio.
Thus, it seems that the Port of Valparaiso should be considered as the base
port for container cargoes, “and the Port of San Antonio should be considered

as a secondary container port to supplement the activities of the base port.
2, Secale of the Mastér Plan

To be able to smoothly handle the cargo volume anticipated in 2010, it
is necessary to rationalize the port carge handling system énd modernize the
existing facilities and, at the same time, to construct new facilities that
can cope with the qualitative change in tfansportation including increased

container transport and increased ship size.

(1) Port of Valparaiso

The wharf plan for 2010 is as follows As For the- contalner wharves,
three berths (each length: 300 m) with 12 m depth are proposed in consider-
ation of the size of container shlps which are entering service throughout
the world. As for the general cargo berths, fine berths with 11 m depth are

propdsed.

(2) Port of San Antonio

The wharf plan for 2010 is as follows:



‘The multi-purpose berth with 12 m depth is

proposed malnly flor
container cargo.

Three general cargo berths with 11 m dépth are proposed
in consideration of the forecast increase of general cargo throUghbut. As
for the grain wharf, one berth with 12 m depth is proposed to cope with
increasing ship size. A chemical.wharf with 12 m depth located far from the
other berths is proposed in consideration of the safety of the port.

Table 7 shows the faéility improvement plans of each port.

—gh—
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3. Alternative Master Plans

When planhing a port, a number of alternatives are usually prepared,
and by comparing the alternative plans from various points of view, the best
plan is selected. |

Four alternatives are proposed for each port. These alternatives are
then evaluated from the viewpoints of convenience, safety, economy, flexdi-
bility and environmental protection. From the results of the evaluation
(Tables 8 and 9), Alternative Plans D at each port have the fewest problems
of all., Thus, Alternative Plans D at each port are selected as the best
plans. The méster.plans'of the ports in 2010 are presented in Fig. 5 and

Fig 6 for the Port of Valparaiso and the Port of San Antonio, respectively.
o, Aseismic Berths

The aseismicity of the present port facilities is rather low.

Aé boﬁh ports are located in areas of fréquent earthqguake activity, it
is necessary to consider aseismicity as part of the restoration plan.

There are two ways of thinking concerning the purpose of the aseismic

berths, as follows.

@D To ensﬁre the smooth transportation of emergency port cargoes in
the period:immediately,after a major earthquake to sustain human
life. '

@ To ensure the essentiél economic activities in the hinterland for a
iohger period after a major earthquake until the damaged facilities

can be restored or replaced.

Based on the above two basic ways of thinking, the results of a
_ prellmlnary analysis suggest that two berths would be necessary to hand]e
the emergency port cargoes and five berths would he n3063sary to ensure the
essential economic activity in thé hinterland in the event of a major earth-
quake; The analysis is based on the available data, and a more detailed
analyéis may-be necessary before making a final decision. '

“From the engineering viewpoint, based on the present layout of the
ports and the proposed port development it éeems ihat a maximum of 2
aseismic berths at the Port of Valparaisc and 2 aseismic berths at the Port
of San-Antonio could be efflClenETy constructed as part of the overall port

development.
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Table 8 Evaluation of Alternative Plans - Pori of Valparalso —

>Criteria Evaluation o
. Plan A Plan B Plan C | Plan D
Maneuverability O © FAY TA)
Convenience Layout O © O O
Utilization of Facilities O O ) )
Safety Calmness @ O © ©
Emergency Measures O O O] e
Economy To;al Construction Cost A FAY O O
... | Adaptability A © A A
Flexibility Room for Future Development O O O O
o Impact on Social Environment JAN Q A A
Environment Impact on Natural Environment @) Fa O 0
Note: @ Excellent QO Good £\ Some Problem
Table 9 Evaluation of Alternative Plans —:Port_of San Antonio —
L. Evaluation
Criteria Plan A Plan B Plan C | Plan D
ﬁaneuve:ability O A AN O
Convenience | Layout © QO JAN ©
Utilization of Facilities © O O O
Calmness @) FAN VA -Q
Safety _En@rgency_Measures O - O O O
Economy Total Construction Cost O @) Ay (@)
_ Adaptability O O O O
Flexibility Room fof Future Development O © O O
Impaét on Social Environment O O A O
Environment Tmpact on Natural Enviromment O O O O
© Excelleﬁt O Good

Note:

/A Some Problem



In conclusion, we recommend that berth G-1 . at Valparaiso (existing
berth No. 8) and berths G-3 and G- at San Antonio (existing berths No. 6 &
7) be prepared as aseismic berths as part of the overall restoration
project.

5. Phase Plans
The phase plans are désigned based on the following objectives:

1) Supplying facilities in accordance with the increase of cargo volume.

2) Minimizing the negative impact of port constructioh'on regular port

activities.
3) Consideration of the aseismié berths.
%)  Distributing the construction investment throughout the project.
The phase plans of each port based on these pfinciples are shown in

Figures 7 and 8. Under the master plans, the development will take place in

3 phases.

— 34—



_ : osteredieA Jo
1304 91 JO UE(g ISISEJ 91} JO Sypeg Funonysuo) 103 Ued seyq L "B

FEEYN
010z S00Z 0002 . . 5661 : 0681t 861
T T . T T 7
S N7 L v )
\ Azipedes Buypuey JBURINCD -
. o - Il sM\\..\‘d.\
- pwnioa ofised [@RUSD Ll == Astgedes Bujpuey obigo plausn
e = = T T T T Y
- 900°2
rioh B ._@E.mwcoo i LIl o
2} A
\\ | - 0o0'e
\\\\.\ LLLLE
— 000t
- 000'S

(su0} puesnoyl} swniop obe]



. : : ORIOJUY UG JO 1H04
oﬁmo:ﬁmuﬁmmguﬁmoﬁtomwﬁwuzbmﬁcoémﬁmuwmamm.mwm

'RA : .
0L0Z 2002 - Q00T . G661 . 0551 - 9BBL
T 1 I . 1
. R - - -
' o rm——— -
- c‘l‘l"
- ——— .
suinjoA DfBD JBUIEILCD o et . . o e : -~
" - g e e e h ) T - Apoedes Butfpuey Jauiiuod
——— T TLL Lot - . Yy e LLid
: e —— XRTT LI, LLiL . ™ . 92774
- mcnm__o_; eaum . Ailordea Bujipuzuy 1eaypy | ~-.
had Ty
- it d
Y¥77728 LiLLs
' —-000t
Ll i LL L Lt
© 1 Auoedes Buipuey obleo jeRuen
i b Yr7074 LIl
2L - 000°Z
—000'

{5UG} puESHOY)) IWR[OA oB1eD



CHAPTER VIII DESIGN AND CONSTRUCTION FOR THE MASTER PLAN

1. General Considerations

The ports of Valparaiso and San Antonio are sheltered From waves. . The
ports have a calm water surface and in general have sufficient water depth
for receiving large size ships, though some dredging works are required for
the future development plan.

However, at the port of Valparaiso, very deep water offshore from the
present _éhoreline makes the - extension of port: Facilities offshore
considerably expénsive. Moreover, &pecial attention should be paid to
northerly and-horthwesterly waves, particularly in plénning port expansion
to the western part of Valparaiso.

Overall views on subscil conditions show that the subsoilS'élong-the
waterfront of the'existing-port area -and the sites: of the'port expansion
proposed 'ih Qur master plan permit the construction of port facilities.
From the technical and economic point of view, it is feasible,to improve and.
dévelop the ports of Valparaiso and San Antonio into modernized deep water

ports.
2. Seismic Risk and Seismic Resistance of Structures

(1) Seismic Risk

The seismic risk in the future is the paramount factor to determine the
appropriate gseismic resgistance of future structures. The seismic risks at
the ports of Valparaiso and San Antonic are evaluated based on the
statistics of past earthquakes in central Chlle. -

Our study shows that a large scale earthquake (Ms 2 8.0) in the central
zone of Chile may occur with an expected probablllty of approx. 60% in 1990
and.approx. 70%_during the period from 2010 to 2030. The seismic risk
defined as the .relationship between'-the méximum 'ground acceleration
expectancy (a) and its return period (TR) is also evaluate. Thé_linear

recursion formulae of the relationships obtained are:

1

Valparaiso: log TR' -2.217 + 1.605 log o
San Antonio: log Tp = -2.270 + 1.715 log o

~37 -



(2} Seismic Resistance of Structures _

It is appropriate to consider more than one level of seismic resistance
in designing the port facilities proposed in the :future development plan.
The high seismic resistance berths provide a minimum operational capacity
against the strongest ekpected earthquake while the other structures having
ordinary seismic resisfance are designed against smaller earthquékes 50 as
to optimize the ecoﬂomic-solﬁtion between capital costs and the operational
capacity of' the ports . '

Degign seismic. coeflicients of 0;20 and 0.25 for the ordinary and the'
high seismic resistance berths respectively are adépted for designing the
port facilities of both ports based on the standard design practice used in
Japan. = However, the need for high seismic resistance berths should be
determined by the Government of Chile. In Japan,fhigh seismic resistance
berth eonstruction is implemented as'Qne of the countermeasures against.the
largest. scale earthquake with a - 'very high probabilityof occurrence
considering not only the statistiss of earthguakes but also such various

earthquake precursors such as the strain accumulation of the crust, etc.
3. Design Studies

We have investigated the opetimum design type for each ‘berth by
comparing various types of construction and construction materials. The

selected structural types of the berths are presented below.

Table 10 Proposed Type of Construction

Port Berth iype of Construction - Remarks

Valparaiso C-1/G-2 Ogen piled cénstruction in Container berth
combination with steel walled- . :
cells

c-3 Precast concrete caisoons ditto . .
G-1 ditto ) high seismic
_ "I resistance berth
G-2 to G-5 ditto a3
San Aatonio | Chemical Steel walled cells as an
Berth island wharf with approach
brindges .
G-1 Open piled construction with
existing sheet piled retaining
walls ’
Grain Open piled constructicn as-
Berth an island wharl with approach
bridges. .~ . : .
M-1/G-2 Open piled construction ' high seismic

G-3/G-4 Open piled construction in resistance berth
: combination with steel sheet :
piled walls

—~38~



i, Project Cost

The overall ppbject'cost required for the future development plans of
both ports is estimated at 1985 prices as follow;

Table 11 Project Cost

(in billion pesos = $1,000,000,000)

: Local Foreign I Total | Remarks
Port " jCurrency. Currency Cost
Valparaiso 24,1 25.9 50.0 3 container berths.
5 genefal cargo berths
1 multi-purpose berth
San Antonio |5 9.3 . 11,4 20.7 4 genergl cargo berths
: ' 1 chemical berth
1 grain berth B
Project Cost| 33.% - 37.3 70.7

.-The following exchange rate is adopted to the cost estimate,
1.US$ = § 180 (Chile Peso) = ¥ 200 yen
The'projéct cost eétimates inclﬁde all the port qivil works.at the
plannedfbeffhs and procufement of container cranes except for bnuland cargo
haﬁdling equipment. In the cost-éstimates, we have allowed a sum of 30% to
cover indirect costs for construction works, 15% for physical contingencies

and 9% for engineering studies.
5. Construction Schedule

The overall prqject is recommended to be implemented in 3 phases to
"cope. with the gradual increase of cargo demand at the ports. The 'high
seismic resistance berths (general cargo berth G-1 at Valparaiso and G-3 and
G4 at San . Antonio) are scheduled to be constructed in the first phase of
the cohsffuttion.

The'pfoposed construction schedule is presented in Table 1Z2.




Table 12 Construction Schedule

Port/Berth 86 88 1990 92 94 96 98 2000 02 04 06 08 2010
Valparaiso O lst phase ou 2nd phase & 3r¥d phase o

Container (C—l_) ]

ditto (C=2) —

ditto (C-3) —n

General (6-1) :

cargo . —

ditto (G=2)

ditto (G-3)

ditto (C~4)

ditto  (G-5)
Improvement of

Barcon Pier i _

San Antonio o 1st phase o> 2nd phase b 3rd phase{D

Multi purpose —

o (M-1) —_
General cargo
(6-1) .

ditto (G-2) ne

ditto (G-3)

ditto (G-4)

Chemical (Ch-1) |

Grain (w-1)




CHAPTER IX IMMEDIATE RESTORATION PLAN

1. Immediate'Restoration Plan

The immediate restoration plan is based upon the extent of the damages
Practical measures for immediate restoration should be taken -8poiling the
future pOSSlblllty of port development. The ongoing measures initiated by
the Government of Chile under the World Bank loan should be executed in a
manner. that is con31stent with the framework of the immediate restoratlon

plan and the future development program proposed in our study.

2. Inmediate Restoration Measures

The restoration measures for berths 1, 2. 8, 9 and 10 at Valparéiso.and
1, 2, 3, 6 and 7 at San Antonio should be reviewed as parit of the futuve
development plan of the port, In our opinion, this is necessary td ensure
efficient capital investment in thé future.

The immediate  measures prdposed, in this study must be subject to
various later studies and to the detailed design work through which the
final enginecering drawings can be preﬁared. It is also important to note
that the proposed measures neither upgrade the seismic resistance nor
restore the port facilities on g permanent basis. The recommended measures
for immediate restoration afe[tabulated as folldws.

| The cost of the restoration measures is estimated 3350 milliqn Chile

pesos at 1985 market prices.
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1.

CHAPTER X RESTORATION AND TMPROVEMENT PLAN FOR VALPARAISO PORT

Outline of the Restoration and Improvement Plan

The Restoration and Improvement Plan for Valparaiso Port is a first

phase development plan with the target year 1992.

The following items have to be considered in formulating the First Phase

Plan.

1
2

The First Phase Plan is a stage plan to realize the Master Plan.

The proposed first phase port faéilitiés should have enough capacity to
handle the fOreéast'cargo.volume‘ih the target year 1992.

Existing port functions will bé used effectivély in cbnsideration of tﬁe
aseismicity and deterioration of the facilities.

The investment should be minimized.

As the result of the examination, the proposed First Phase Plan is as

shown in Fig. 9.
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2. Basic Design Studies

In order to select the basic design concept most suitable to the site
conditions, we have prepared alternative designs to compare various types of
construction and construction materials for the berth structures proposed in
the first phase develdpment of th master plan for the port of Valpartaiso.
Three alternative designs are proposed and an optimum altérnative.design is
selected in view of the suitablility considering the prevailing subéoil

conditions of the sites and the seigmic resistance of the structures.
3. Construction Cost

Qur cost estimate for the phase l.developmgntibf'the 6001m container
berths (C-1 and C-2) and of one 210 m general cargo berth (G-1) at
Valparaiso is $14.1 billion at 1985 prices. B “ . :

The cost estimate includes all the port éivii Works at:the planned
berths and the procurement of container cranes. The sums.of 30% to cover
the indirect costs of the construction, 15% for bhySicél contingencies and

5% or'engineering_studies dre provided in the cost estimate.
b, Implementation Schedule

The recommended schedule of the first phase'development is 6 years from
January 1987 to December 1992 so that the new port facilities will be
operational to cope with the forecast cargo demand. The engineering study

will be started in January 1987.
We recommend the selection of the contractor or consortimu .leader

following the norinal tendering procedure. Our recommended implementation

schedule is as follows.



Table 15 Construction Schedule

_.year 1987 1988 1989 19990 1991 1992
Ttem :
month .

Engineering Study f—e
Tender Evaluation -

Award o

Gonstruction C-1

C-2
G-1




1.

CHAPTER XI PORT MANAGEMENT AND OPERATION
Present Port Management and Operation

The " following agencies are conceérned with the management and operation

of the ports.

(n

(2)

(3)

(4)

(5}

Minstry of Transport and Telecommunication (MIT)

Decisions on policy, arrangement and control of port activities.

EMPORCHI

Port administration and operations

Ministry of Public Works {MOP)

Construction of port facilities conducted by the Government or under

Government financing

Ministry of National Defence, the Navy (DIRECTEMAR) -

Safety supervision of sea traffic, and supervision of sea areas

Office of National Planning

Fundamental adviser for national social economic development

Port working hours and pilotage hours are 24 hours a day. Cargo

handling at beth ports is carried out in three shifts.

The private sector now plays the dominant role in cargo handling.' The

average cargo volume handled per gang per hour are shown in Table 16.

Table 16 Average Cargo Volume Handled per Gang per Hour

Type of Cargo Actual Future
General Cargo 13-15t 20 t
Container . 12 ~ 15 boxes_: 25'boxes:
Wheat 0t - 90 t
Fruit 30 ¢ 30 t
Copper _90 t : - 90t




2. Proposals

(1) Proposals 'for Management and Operations

Considering the current problems at the porls based upon site  surveys
and analysis'of data, various proposals are presented below to lmprove the

port administration and opevations in the future.

1)} Form of Port Management

We cbnclude that in Chile it seems preferable that at present the main
national ports continue - to be adminis%ered by a public government agency
like fhe Ccurrent EMPORCHI {not EMPORCHI as defined in Decfee No. 290),
although these ports may possibly be placed under private administration at

some time in the future.

2) Form of Port Operations

- The port administrative body should still retain the overall administra-
tive control of the cargo handling works as at present, but it would be
better for the private sector to actually carry out the carge handling

works.

3) Control of the Entire Port Area

For national éecurity,-the navy may have to retain control over certain
sea areas nearby magor ports 'However, if possible, EMPORCHI should bhe

given some control over the sea areas.

#) The Importance of Port Statistics

Accﬁréte port statistibs are essential for both regular port operations
anﬁ'lohg—term port planhing. Statistics concerning ship traffic and cargo

handling volume are particularly important.

5)  Improvement of Relations with Persons and Organizations Concerned with

‘Port Activities.

6) Malntenance

It is necessary to malntaln a suff1c1ent mechanical staff to establlsh
& training program, to ensure proper Supplles and to arrange fac111ties for

the orderly storage of mechanical parts.



7)  Introduction of a Computer System for the Administration of Ports in

Japan.

{2} Proposed Operating System

1) Container Cargo Operation

{i) Administrative Structure

(ii)

(iii)

It would seem that the public terminal system would be preferable
for the administration of the container terminal at the ports.
At any rate, the port management body should consult with present

and future users of the terminal facilities (shipping companies,

‘ete.) when determining the proper administrative system_for_the

container terminals.

Operation of Container Terminals

There is a relatively large volume of L.C.L. cargoes and empty
containers, and considering the available land arvea, the storage
capacity, the estimated cargo throughput and other relevant
factors, it éeems that the transfer crane system would be_most
appropriate for the subject ports. Especially, there are
relatively few mechanical difficulties under the transfer crane

system,

Construction of Container Terminals and Container Handlihg

Equipment

It is proposed that EMPORCHI should provide the necessary minimum
facilities, that is the public works, and that the users should
provide the necessary haﬁdling_ equipment  for port operafions

themselves.

Table 17 Cargo Handling Eguipment for Container Cargo per Berth

Equipment Capacity Number of Machines
Géntry Cranes 30.5 t
-Transfer Cranes 0.5t "5
Container Chassis 20, 407 12 - 18
Trailer Head ' . : 6




2)

Fruit Cargo Operaticns.

We atempt to roughly estimate the appropriate storage tariff for
the refrigerated transit shed. As ‘a resul{ of this estimation, the
cost per ton oP  cargo handled, 3,450 pesos/ton, will affect the
transportation cost.

However, since the construction of such sheds would provide many
benéfits, we believe that the sheds probably should be constructed, but
the decision should he made based on.an economic analysis which would
analyze the economic costs and economic benefits of the proposed
construétibn from the viewpoint of the national cconomy, and through

detailed discussioné-with the future users of the facilities.



CHAPTER XII ECONOMIC ANALYSIS
1. Determination of the Preferred Alternative Plan

In the first part of the Economic Analysis, the optimal plan is
determined of the thrée‘alternative plans outlined in Chapter VILl using the
least cost method. ‘The three plans differ. in the number of container berths
to be constructed at each of the two ports of Valparaiso and SanﬂAntohio,
while the number of other general and bulk berths remains thé:séme_in'any‘
plan. The nunber of container berths and the total containerized cargo
demand forecast to flow through the two ports in the year 2010 under each

alternative are as follows:

Table 18 Container Cargo Volume

Case Itens Valﬁaraiso San - Total
Antonio ' '

Al#ernative 1 | Number of Container Berths 3 1 _ 4
Cargo demend ('000 tons) 3,084 551 3,635

Alternative 2 | Number of Container Berths 2 2 4
Cargo demand ('000 tons) 1,818 1,818 3,636

Alternative 3 | Number of Container Berths 1 3 4.
Cargo demand ('000 toms) 551 . 3,084 3,635

In determination of total cost, not only the port-related costs - but
also ‘the cost of inland transportation is included. ~Port costs have been
estimated in four major categoriés: ‘construction, ship waiting, cargo

handling, and maintenance and administration.

In _drdér to determine economic prices of the'-total__COSts, 'varioqs
adjustments are made'on the basis of market prices. The total costé of .
undertaking each plan in every year until 2010 are estihated, and the _
present value of these costs are.calculated using an annual discount ratio

of 12%. The total costs of each plan ih-present value are as follows:



Table 19 Total Cost of the Alternatives

(Unit : Million Pemos)

Valparaiso San Antonio Total
Alternative 1 124,423 100,464 .' 224 887
Alternative 2 99,996 136,703 ) 236,699
Alternative 3 | - 72,552 167, 308 239, 860

It is conclnde&, that Alternative 1 provides the least cost and is

therefore the most economically viable plan.

2. Determination of the Number of Aseismatic Berths

in the second part of the Fconomlc Analys1s, the number of berths that
could be constructed at one tlme is dlscussed The costs ' 1nv01ved, 1n_'
constructlng new berths at existing berth gites in the two ports are the
construction costs, the addltlonal costs of inland transgortatlon to and
from the alternative ports and the possible losses that might bé incurred if
. an earthquake of magnltude 8 occurred once the constructlon is completed.
From an economic v1ewp01nt ‘the optlmal number of berths to be constructcd
1mmed1atcly would be the case in which the total of these three potential

costs is the least Ana1y51s is undertaken for six cases.

It is assumed that one'container'berth and one non'container berth are
to be constructed in Case 1 and ‘that the number of non- contalner berths to

be constructed 1ncreases by one for each consecutivée casec,

‘It ‘is"assumed: that US$15.00 per ton would be added to the inland
transportatlon costs if cargoes were transferred to alternative ports. In
order to determlne the loss dincurred on those cargoes that could not he
.handled even at altePnatlve ports in case of a major earthquake we apply
the valuewadded rat1o of related 1ndustry sectors to the value of the cargo

which mlght be suspended
Construction costs and other costs. (the total of additional jinland

transportatlon costs and the loss from suspended trade) are summerized for

six tcases as follows
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Table 20 Total Costs in Determing the Number of Aseismatic Berths

. (Unit: Million Pesos)
Case 1 2 3 4 5 6 .

Construction Costs | 11,700 | 15,900 | 20,100 | 24,300 | 28,500 | 32,700

Other Costs " 85,262 | 58,017 | 35,873 | 24,032 | 23,763 | 21,222

Total 96,962 | 73,917 | 55,973 | 48,332 | 52,263 | 53,922

Case 4 with the construction of one container berth and 4 non-container
berths shows the lowest value. This indicates that the construction of" five

berths as in Case 4 is optimal from the economic viewpoint.

3. Evaluation of the Master Plan with Consideration Given to Earthquake

Probability.

The third part of the Economic Analysis 1is aimed at evéluating the
appropriateness of the Master Plan using a cost/benefit énalysisr that
examines two specific cases, the case of executing the construction aiong
lines called for in the Master Plan(the "WITH" case), and the case ofinot
doing so (the "WITHOUT" case). The Internal rate of return is adopted as

the standard for evaluation.

In evaluating the net benefits the probability of_earthquakes has béén
taken into consideration. The expectéd_value of losses in the case of an
earthduake are defined as the economic.loss incurredﬂfrom inland transpor-
tation from/to'alternative ports plus the loss incurred from the stoppage of
trade. The benefit of undertaking the Master Plan is defined as the

difference between the value of these in the WITH and WITHOUT cases.

Construction costs in the WITH case are those indicated in the Master Plan.
The WITHOUT case envisions leaving facilities in their current state, so

there are ne Construction costs incurred.

On the basis of the above henefits, costs and various aSsumptionslthe
internal rate of return has been calculated to be 23.4% For the Master Plan,
and it is concluded that the execution of the Master Plan is justified from

the viewpoint of the national economy.

In order to gange the sensitivity of the Master Plan to the various

factors of the project, sensitivity analyses are made as follows:
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Factors _ IRR

Construction Cost Increase by 20% 21.9%
Cargo Demand Decrease by 20% 21.0%
Decrease of Trade Suspension Loss by 20% 21.2%

Although the IRR for each of these sensitivity analyses is somevhat lower
than that of above base case, it is also higher than the Chilean opportunity
coat of caﬁital. It is concluded that the execution of the Master Plan will

not be adversely affected by a change in the above factors.

4.  BEvalution of the Master Plan without Consideration

Given to Earthquake Occurrence

In the last part of the lconomic Aralysis, additional analysis is
performed to evaluate the Master Plan without consideration given to the
occurrence of earthquakes, in response to a fequést by the Chilean counter-
part. A cost/beﬁefit-analySis.method_is also used, as in the evaluaton of
the Master Plan, with consideration given to earthquake probability. The

internal rate of return is adopted as the standard. for evaluation.

.In determing the costs, those for construction, maintenance and
administration, and cargo handling are calculated for both WITH and WITHOUT
cases. Although the construction costs of fhe proposed Master Plan include
those to streﬁgthen'the-berths‘ seismic . coefficient up to kh = 0.25, the
construction costs in the WITH case exchides such costs based on the

assumption that all berths will have a seismic ccefficient of kh = 0.20,

In determing benefits, savings on ship-waiting costs, inland transpor-
tation costs and trade suspension losses are considered. The savings are
realized as the difference of these costs and losses between the WITH: and

WITHOUT cases.

.On the basis of -the above assumptions, the internal rate of return is
6alculatéd to be 10.9- % for the Master Plan with the modification of the
berth aseismic éﬁefficient from kh = 0.25 to kh = 0.20. This figure may he
jﬁdgéd to be a little bit below the Chileap opportunity cost of capital
“based on the 12 %.of discount ratio suggested by OPEPIAN. However, it is
' ﬁorthwhiie to consider the excusion of the Master Plan since both ports are

prone to the risks of earthquake damage not considered. in this analysis.,
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RECOMMENDATIONS

1. The Port Plans may have to be altered in the Future based on Future

Economic Changes

Our prdposed porﬁ plans for both ports have been prepared by studying
the past development in.the hinterland, and by assuming future socioceconomic
conditions and so on. Hdwever, fhe economic activities in the hinteﬁland
are constantly changing, and the entire Chilean economy, "inqluding “the
activities at the ports, is deeply influenced by the world economy .

It is, therefore, important to keep track of future economic changes

and to revise the port plan or take other steps, as necessary.
2. Necessity of Farly Implementation

Tt is expected that containerization in Eoth ports will grow rapidly in
the future, and the risk of large earthguakes will;COntiﬁue. .

Therefore, port facilities which are severely deteriorated and out-
dated, and which have lower aseismicity as identified from the field
investigation, should be reconstructed orfreplaced early in the developirent
project in an effort to provide more modernized facilities with greater

aseimicity as soon as reasonably possible.
3. Coordination between Port Operation and Construction Works

The short-term development plans (Restoration and;Improvement_Plans)
for both ports include construction works within the present boundaries of
the ports. _ -

Thus construction works and ongoing port operations must be carefully
coordinated so that the construction works do not interfere with the regular

daily activities at the ports.
b4, Review of the Structual Types of the Main Facilities

The purpose of the preliminary struﬁturél designs_presenﬁed.in fhi&
study is to determine the basic structural types ofxthe'main faciiitieSfto
make a rough estimate of the construction costs for econcmic énd fiﬂancial
analyses. . .

Preliminary designs are carried - out based on the_soil-investigafion



which the Study Team conducted in 1985 and on available data from past
investigations. However, as the scope of the soil investigations conducted
to date is limited, the structural types of the main facilities should e
reviewed based on more detailed soil investigations prior to the actual

construction works.
5. Project Financing

The proposed long-term project is a large-scale undertaking which is
crucial to the future development of the national ecconomy of Chile. " Both
_the private and the public sectors will be involved with various aspects of
thé development project.

As the development plan, particularly the construction of the aseismic
facilities, is a matter of national security and well being, it may bg
apprbpridte to subsidize the project to some extent using'funds from the

national budget.
6. Possible revision of the Port Flans Based on Additional Date

The proposed port plans have been formulated based on data collected
during the site surveys and on other avaiiable data. Especially, longéterm
observation data concerning natural conditions such as winds and waves have
been.uééd'in designing both the immediate and the long-term plans.

However, the available data, particularly'for the Port of San Antonio,
is hot really sufficient. Thus, it is of the utmost importance to continue
regular site observatiqné at'both ports, and the port plans may have to be

revised somewhat based on additional data.
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