





'_CHAPTER VIL ALTERNATIVE MAéTER PLANE

Vll;i Prémisés éF the Investigation
(1) Ship $ize and Average'Handlihg'Voiumé

In plannlng to  build port_ facilities -such as  wharves, it is
1nd1upensable to accurate]y determlne the sizeé and number 6? herths
_requlred. SJnco the 3170 of the berths depends on the size of the ships
which will call, the first thlng that is necessary igs to determine the size
of the ahxps whlch will utlll?e Lhe port. in the future.

The  future 5129 of shlps is usually predlcted by con51der1ng present
ship 5150, future cargo predlctlons and the trend that bhlps are gettlng.
higger and bigger. A detailed analy51s is made for planning each individual
wharf', : '

The_ average loading énd Un1bading volumes for different types of
vessels ca]llng at the popts betueen 1981 and1985, very 1mportant data foz
predlctlng future Shlp size, are’ given in lable VII 1-1 and VIL-1-2.

(2) Cafgo Handling Capacityfin the Futrure (2010).

The future cargo handllng capacity of the ports is: estimated by
analyzing thc present 81tuat10n and the p05310111ty of future 1mprovements
}such as thc introduction of hlgh capa01ty cargo handling equipment and

operat:oﬁ systems for general cargoes and contalner cargoes.
~The actual values and the- estlmates of cargo handllng capacity in the

year 2010 are shown in Table VIT-1-3.
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(3) Ratlo of O Foot Containers

The historical ratio of 40 oot containers at the port of Valparaiso is

shown in Table VII-1-4. The ratio increased From T% in 1980 to 17% in 1985,

Table VII-1-4  Ratio of 40 Foot Containers in Valparaiso Port

igso | 1981 | 1982 | 1983 1984 1985

. - v i .
Ratio of 40 : : 7 Y g 13

Contalners - 16.6%

Source: ¥ EMPORCHI ‘ _ | o
Containerization Intermational Yearbook

Onlthe'other=haﬁd; at major container terminals in Japan, the ratio of
4o foot contaiﬁefs was 41.3% in 1982 and 45.2% in 1983 as shown in Table
VII-1-5. ' o '

As mentioned above, the ratio is assumed to reach 40% in the year 2010.

Table VIT-1-5 ~The Ratio of 40 Foot Contalners at Container
' : Terminals in Japan

1982 1983

Nqﬁbér of '} Ratio of © Number of Ratio of
Containers . “40' Containers Containers 40" Containers
20° 40° TEU (7) : 20° aQ’ TEY %)
Tokyo 268 - 181 630 (40.3) - 275 187 650 (40. 5)
(8 berths) ' ’ i .
Yok ohama 199 111 420 (35.8) | 142 176 494 L (55.3)
{6 bérths) o :
Nagoya © 86 35 156 (28.9) 101 45 191 (30.8)
Osaka : 1200 59 239 (33.0) 1. 118 76 271 (39.2)
(5 berths) . . . .
Kobe o 430 391 1,213 | 47.6y 464 430 1,32 (48.1)
{12 berths) : : : N o
Total : 1,103 777 2,658 (41.3) L1100 . 914 2,930 45.2)

Source: S$tatistics of Each Port Terminal Developwent Corporation

=439



(%) Methods to Detecimine the Number of Berths

For planning purpbses, “various methods are used to : determine Uhe
required number of berths. - In this study, the following Lwo mothods nre

-used to determine the number of berths For Lhe sﬂhject ports,
O Method 66nsideving the frequency of ship entry and cargo -handling
- capacity. ' _
@j Method of simulation by queuing theory.

These methods are explained below,

1) Method using freduency:of éhip entry and handling‘cahacity

Number of berths __Total number of mooring days
uin ?P © CrLs = A nual number of workable days'x_Berth occupancy ratio

Total number of mooring days:

{Number of calling ships) x (Per ship average days of'mborihg)

Number of calling ships: Annual cargo volume handled
: Average loaded cargo volume per ship :

Per-ship average days of mooring:

Loaded qargo'volume per ship . Number of days necessary for
Average cargo handling capacity per day purposes other than cargo

handling

— 420~



Berth occupancy ratio: 0 - 0,7

__ACddeing- to ‘the UNCTAD report, the berth occupancy ratio fogﬁ
conventioﬁal général cargo operations should be set so as not to exceed
the figures given in the table below, which are based on a ratio of

ship cost to berth cost of 4 to 1:
Table VII-1-6 Berth Occupancy Ratio

Number of berths Recommended maximum

in the group berth occupancy

(%)

1 40

2 - 50

55

no 60

5 - 65

6-10 - 70

N R T | |

2) Method of Simulation by Queuing Theory
(i} Application-of QUeﬁing Theory to Port Planning

Ships éalling.at a port expect to be moored at a designated berth
iﬁﬁediately, in the owder of arrival, and carry out cargo
handling. If a Ship_is already berthed at the quay and there is
no. room [lor ﬁheipreséﬁt Shib io'be berthed, the 1atter.ship has
to .wait until after the first ship completes its cargo handling
and leaves. (The ship expects to be berthed as soon as it enters
a port. .Hoﬁever, the port management body wants to minimize the
number of quays in order to inérease the efficiency of the use of
quays. qu to balance these cohflicting desires, name1y3 what
servicé level should be .set, 4s an important factor in port
planning. ) ._ - .

This phenomenon of ships érriving and, leaving a port can be

. ahalyzed?ﬁy'queuing theory, as in .the analysis of the situation

—421—
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at a bank, where vaviéblés.include_the number of windbwé:ahd-the
time each customer takes at the WindOWS. For a port tﬁe
Vériables include the avrival of shipé, the number of berths and
the berthing time. A fQUGuing"theory uniun to . ports must  be
develoﬁed. To this énd,: the pattern of .éhip' entries and tﬁe
pattéfh of the berthiﬁg'time must be [Found Qut.:30redt efforts
are being exerted to plafify these patterns at pobts;_'As'to'the
pattern of ship entries,3'n6rmally it is =& .réndom Poissdn

distribution,

In the-péttérh of " the befthing time by ships as expfeséed_by a
histogram, normally there is Phase 2 or Phase 3 Erlung

Distribution (See Fig. VIE-1-1).

T i T T
" Phase: k -
Mean: 1.0
B
'Fw} ’
1 - 5 \ .'
_1.'0_ 20 ST 30 _ 4.0

Fig. VIFI-1  Erlung Distribution .

‘As is known already, the follow1ng four factors are indispénsable

to the determlnatlon of* the queuing phenomenon
fDlstrlbutlon of arrlvals of shlps to - bc bcrthed

‘Number of berths

©
'() Distribution of berthing time
@
@

Methods of ‘service

ey



(i)

(iii)

Pactor @. concerns suCh matiers .as service in the order of

" arrival or preferential service. Normally, service in the order

of afrival predominates but, in the case of a contalner port,

preferentla] service is sometlmcs glven to full-container ships.
Methodology of the Simulation Test
Ships entering the port take a berth according te their

ordérqofarrival and then start _loading/unloading work. If the

berths aré- occupied, the ships wait until the preceding ships

 leave. Queuinggqﬁéory is used to Make_pr0ject10n concerning the

situation of ships calling at  or leaving' the port. However,

theoretical analysis élone ‘cannot’ cope with the complicated

reallty of port act1v1t1es

For ths reason,_a computer is used to follow the movement of
shlps i.e. enterlng - berthlng - loadlng/unloadlng and leaving.

A 51mulat1on is used for the analy31s of port congestlon at the

Larget year’ of the mabter plan of the ports of Valparaiso and San

'AnLonlo : The flow of the 31mulat10n model used on this occasion

cis shown in Flg VII- 1- 2 _

Input data comprise ship types, number . of berths, frequency
distributibn of célling ships, and frequency disiribution of
mobring time. Output_data are comprised. of ﬁhe waiting time and

berth occupancy..
Basic conditions of simulation cost

@ Pre-ship cargo volume and the number of ships are assumed from

actual results.

@ 'As'indicated'in Fig. VII~1-3, an Erlung distribution of Phase 2
applies.well_to the'berthing‘time'of‘general'cargo ships. This
distpibutibn is used fér other:ship typés; too, because the
distribhtion ~of  their berthing - time “is also hearly in

accordance with the Phase 2 distribution.

€)) Simulétion'tests are cond&cted for'thé Mastef Pian.
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- at a bark, where variables include the number of windows and . the

tiﬁe' each customer. takeo at the wLndows.' qu' a port, the
variables include Lhe arplval of shipg;- the number'df”berths and
the berthing time. A quening ‘theory _unique “to 'poft$ ‘must be
developed., -~ To this end, the patbern of ship-lentrieé 'and  the
pattern of the berthing time must be found out. Great efforts
are being exerted to clarify these patterns st porté.: As Lo the
paﬁtern._qf ship entries, normally il is - a .raﬁdom Poisson

distribution.

In ‘the pattérn. of the berthing time by ships as_eipressed by a

- histogram, normally there is Phase 2 or Phasé"3. Erlung

Distribution (See Fig. VII-1-1).

T F T T
Phase: k . -
Mean: 1.0
AN
NP\D
) L . : T ‘
1.0 20 .30 : 40

Fig. VI-1-1  Erlung Distribution

As is known”alfeady, the follow1ng four factors are 1ndlspensable

to the determlnatlon of: the queulng phenomenon

® Dlstrlbutlon of arr1vals of 5h1ps to be berfhed

@ Distribution of berthlng time

@ HNumber of berths

@ Methods of service

R VYA



(ii)

(1i1)

paptop @ ;concernq such matters as service ‘in the order of

"arrival or preferentia1 service. Nonmally, servive in the order

of:appival predominates but, in the case. of a contalncr port,

preferential service is sometimes given to full-container ships.

Mcﬁhodology of the Simulation Test

- Ships entcrlng the port take a berth accordlng to their

_ orderoofarrlval and thn start loading/unloading work. If the

berths are occupied; the ships walt until the precedlng ships

"1eave Queulng theory is used to make projection concerning the
o SLtuatlon of - 5h1ps calllng at or leaving the port. " However,

'Lheoretlcal analy51s alone cannot cope  with the- complicated

reality of port acL1V1L1es
For thls reason, a computer 1s used to follow the movement of

ahlps i.e. enterlng - berthlng - loadlng/unloadlng and leaving.

_ A gimulation is uséed” for- the analy31s of port congestion at the

Larget year. of the ‘master plan of the ports of Valparaiso and San
Antonlo The flow of the 51mulat10n model used on this occasion

1s shown in Flg VII 1 2.

-Inpqt data comprlse Shlp ‘types, number of berths, frequency

distribution of calling ShlpS, and frequency distribution of
mooring time. Output data are comprised of the waiting time and

berth occupancy.
Basic conditions of simulation cost

@® Prewshipfgargo volume and the number of ships are assumed from

~actual results.

@ As indicated in FigJHVII¥1-3g'an‘Erlung distribution of Phase 2
applles well -to the berthlng time of general cargo ships. This
distribution is used for other Shlp types, too, because the

)

dlstrlbutlon of" thelr berthlng tlme' is also nearly in

accordance with the Phase 2 distribution.

G§ Simulation Lests are:éonducted'fbr the Master Plan,



no ﬁhem an

Waiting .
of a Ship

Table of Waiting

empty berth?

Berthing
{loading/unloading}

" Departure
(undocking)

Berthing ofa
Waiting Ship

b no

Is-there a
waiting ship?

ng

Does Simulation
time finish?

Yes

Calculation of
Waiting Time and
- Cost

END

.2

[Average Vaius of
-1 of Number of

A

- Table of Poisson

Distribution

| Arriving Ships

Table of Erlung
Distribution

] Berihing Time

Average Value
of

] Linit Cost

Fig. Vii1-2  Flow Chart of the Silﬁu!étioﬁ-Mbdel-
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(5) Procedure of Determining the Number of Berths

fFig, VIIL- 14 M showa the procedure oF derormlnlng the number of borths
using the two methods employed in this study. _

P1rst the nunber of berths roguired for the Larget year 15 equmaLed
by type of -cargo by the method u51ng the frequency .of Shlp entry and
handling Capac1ty ' |

~Next, the simulation test is conducted for the QVerall plan.

. "‘ 426‘" _



.Estimated Cargo
Volume

Capacity

- Docking and

Undocking

Berthing
Time per
Ship -

l.oaded Cargo
Voluma per
Ship
- : " ‘'Mumber of Galling
Cargo < - rima Shigs per Year,
Handling Required for

‘Necessary Berth
Uccupancy Period

per Year

Method using fraguency of
ship antry and handling
capacity

this method is macde for

(Tha calcutation using )
each individual wharf

] .
1 : " Annual Workaole " Working
Days for Cargo Hours per
Handiing Day
: L |
]
Annual Workable Hours
of Cargo Handling
]
¥
Set the Nuinber of
Berths
Berth Occ_upancy No
Ratio .
Is
Number of Berths —
Appropriate?
T Yes T T
-Set the Number of Method of simulation]
Berths for Simulation by queuing theory
Conditions . The calculation using
for e this method i made
Simulation for the overall plan
Quiuing Theary
: Simulation
: i
- i 1
Berth gc:upancv Waiting Waiting
{L‘" Ratio Time

Fig. ViI-1-4

- Gan the ™
Above Results
be Accepted?

Yes

Determination of
Number of Berths
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(6) Classification of Aveas for the Layout'Plau

Tn formuiatingﬁrlaycut"plans, the overall port area is uSuﬁlly

classzfled 1nt0 severdi zones in terms of the type of port activity: whapf
T zone, productlon zone, recreﬂtlon zone, buffer rones, port administrat@@x
“and - port Servicé«rélated office zone, reserved zone, and inter-zone
connection areas. _ o '

The wharf zéne is the'spaCe for cargo handling activities within the
port area. This zene includes éﬁrons, cabgo handling avcas'aﬁd'warehoﬁse
areas. | _

The producti6n zoﬁe is.conmosed of the land area for the pért—relaféd
iddustriés which-will locate there, and of wharves for the exclusive use of
these industries. ' -

The recreation =zone includes not only thHe watef.apegs.fob beaches,
sailiﬁg éonesﬁahd vééﬁt.harbors, but also land areas Pob'pafks which widl be
used by the workers at the port as well ‘as the general publlc o _ _

o The buffer zones are Composed of gxeen bults open spice and.waterways
which will separate various zones which might adverseiy.af?ect.eééh other.

The port _adminisfrafioh zéne .is the - sﬁace- for port administrvation
offices and for other port related offices_thaﬁ will pfdvide SOf?iCéS.fOF
port épepation. _ | ._ ' _

The reserved zone is the space set asidé for futuﬁe poft-develbpment.
This is of the utmost impbrtahce to ensure continued smoéth expansion of the
pori inm the Tuture, ' . '

Inter-zone connection areas are genérélly-the spaces alloted for the
construction of roads and ‘railways COhneﬁfing the Various zones with ecach
other and w1th ‘the city located behind the port ' '

- The locations of all these zones must be dotormlned so that all the
facilities belonglng to the same Category are put ‘together, and can thereby
function eff 101ently

(7) Criteria for Evaliation
The alternative plans are evaluated baged on. the following criteria:

@ Convernience .

 Maneuverabiiity - Vessels calling at the port should be able to

— 498~



@

-blex1b111ty

mapeuver casily arnd ééfely_when*entéring_and leaving the port and
when berthihg and dcherthing at the guaywall.

Layout:* - The facilities'should be désigned 8¢ that carge can flow
through “the port efficiently. . The location of cargo handling
racilities and acbeés roads affects the movement of cargo.
Utilization of:Facilipigs'F Port facilities, such as transit sheds,
open storage yafds, Qhafvés, and access roads; and cargo handling
eqdipmént, auch as forklifts, trucks, and mobile cranes, must be

utilized efficiently.

Safety .
Calmness - ihe water should be as calm as possible.

Emergency Measures - Facilities must  be -arranged so that personnel

"can effectively respond to any accidents which may occur in the

port.

Conétructioh Cdst'r

Total Cbnstrﬁction Cost - The total cost should be minimized.

One  way to Peduce COStu is to design the facilities in such a way
that” the volume of earth Lo be dredged and the volume of earth

necessary‘for land reclamatlon are equal.

L

Adaptablllty - The plan should be adaptable to unant1c1pated changes
in the iuture c1rcumstances ‘of the port and the region.

Room for Puture Development - It is 1mportant to reserve space for

_futuré'port development adjaCent'to the planned facilities.

an1ronmental ProLectlon
Impact on  the Soc3al Envlronment - Deleterious effects of port

development on the lives of the 1local inhabitants should be

minimized,

Impact on Lthe Natural EnVironment - Water pollution and heach

erosion due to port development should also be minimized.

~420—



VII-2 Allotment of Container Borths Between the Two Povts

As the two subject ports ba31cally share the . same hinterland all b?
the cargoes which wlll pass through the avea will be leLded between the two
ports. ~ Based on Lha present trade patternq and the .cargo pPCdlCLlOﬂS it
seems that the non contalner cargoes Wwill continue to follow the same

trading Toutes in the future as at présent‘
{1) Alternative Plans

Thus, the alternatives considered herein are alternaﬁi?e locations for
the necessary contalner berths. Essentially, the different alternatives are

avaluated based on the follow1ng criteria:

Least cost analysis from the economic viewpoint
Natural conditions

Port-related infrastructures and established port functions

®©e e

The preferences of shipping companies.
The  future cargo volumes and the growth ratios at both ports based on the

demand Forecast are presented in Table VII-2-1.

~ Table VII-2-1 Future Cargo leﬁme-and
 Growth Ratio at Each Port

|Cargo Volume

(Thousand Tohe Anual Growth Ratio (%)

1984 11990 |2000 |2010 |84/90]90/2000] 200072010 1984/2010
. - - - ——
Container Cargo | 638]1,527\2,867)3,63515.7 | 6.5 2.4 6.9
_Nqn—Container'Cargo3,252 3,5#7 3,708{4,515 1 5 0.4 2.0 .
_ . - - o : D N . . . ] - -
Total - _  |3,890]5,074]6,575]8,150] 4.5 2.6 2.2 2.9

430~



Three alternative plans are considered. 'The alternatives are presented
in Table VII-2-2.

- Table VII-2-2  The Alterﬁatives for Assessment

(Number of Berths)

.Vélparaiso Port San_Antonio Port |
Conta;ne§;J“:anfﬁontéfﬁer Cigffiﬁer :_Non—Canainerﬁ
Alternétive 1 3 | 5 1 S 6
2 2 | 5 2 6
" 3 1 5 3 6

The layout plans of the alternatives are presented in Figures VITI-2-1

through VII-2-3, respectively.
(23 Necessityxof-Breakwgter in Alternatives 2 and 3

Planning 0f the container wharf at San Antonio Port was done with the
idéa that the service levels of COntainér'cargo handling at both ports (San
Antonio Port and'ValparaiSOZPdrt) should be the same. New breakwaters are

therefore needed for the following reasons.

@ Vessel entrance and exit at San Antonio Port are iimited when there
are -strong winds and high seas because the topographical nature of
.the port .makes for southwesterly' winds, the prevailing wiﬁd

“ direction.

@ It is difficult to ensure a stopping-distance for vessels
(5L..;about_l‘Km)'becausé the” water areas in the port are narrow.
Even undéf:caim'condiﬁigﬁs,'thefeforg,jthé vessels are stopped near
the port entraﬁce and have to be.takén iﬁ two until the quay wall by

tughoat.

@ However stopping vessels in rough water areas when there are strong

Winds'and high seas makes vessel control virtually impossible and is
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dangeroua. Thus, San Antonlo Port is faced with particulnr problems
where it is narrow and w1nds come in from Lhe S1de.

In tugboat use in Japan, the llmltatlons are a wind veloclty of elow
i5 - 20 m/s and/or a wave height of below 1. 0~ 1. 5m. _

These undes1rable weather and sea condltlons are estimated to
acgoﬁnt for about 30 - 40% of the yeav by the method descv1bed in
Chapter VIII.

@ Container vessel companiies hoping to provide efficient, reliable
sevvice, however, are not happy with the idea of being confronted
with these limitations.

® Accordingly, ‘new' breakwaters are needed to ensure the continued
existence of wide water areas ‘and calm water areas, - -

It will alsec be nécéééary:to remove part of the old bréakwater.

A comparison of the construction costs (ﬁf‘AlternatiVes”2, '3 and

excavation plans.for the port of San Antonio is shown in Table VII-2-3.
Table VII-2-3 Construction Costs

(Unit: ‘Billion Pesos) .

_Alternatives 2,3 . | __EBxcavation Plans |
2 Container 3 Container 2 Container | 3 Container
Berths - Berths .~ .| Berth Berth
(Fig.VII-2-2) | (Fig.VII-2-3) o
- A ——p— _l 0 - i S m .
With Breakwater o A3 ' 53,4 48.9 60,7
— —— e " T
Without Breakwater - - : k2.0 - 53.9

_ There is. no s1gn1f1cant dlfference between the alternatlvep and_ﬁﬁe
excavation plans. . In the .case of having 3 contatner berths."thc
constructlon costs of the excavation plans are even . more than that of"
.-Alternatlve 3. As Alternatlvea 2 anad 3 have an excel]ent serv1ce level
(descrlbed above), we will adopb Alternatlves Z and 3 as an alternah1ve

plans.

43—



' Fig. V21 Alternative 1
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Fig. VIL22 Alternative 2
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© Fig VII23 Alternative 3

s
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(3) Evaluation of the Alternative Plans.
1)} Least Cost.Analysis
The results of the Leasl Cost: Analysis which compéres'the totgl-cost of

the alternatives including harbour cost and inland transportabion cost shows

‘that Alte?ﬁative 1 is the least expensive as shown in Table VII-2-3,

Table VII-2-4 Total Cost of the Alternatives

_ _ Total Cost’ (million pesos)
AlternatiVEWl 207,£i§mmmmmwm_m~”“w
Alternative-2 | 229,053

Alterﬁative~3 ' 231,389

2)  Natural Conditions R
‘At San Antonio Port, it is difficult. to shelter the harbour entrance

from the southwesterlv winds Wthh are the prevalling w1nds bbcause the. porL
faces the Pacific Ocean dlrertlv and the ex1st1ng nqv1gutlon chdnnel isg
located along a deep trench. On the other hand, the napural conditions at
Yalparaiso are superior: Valparaise Port is. located on the north‘éido of
Angeles cdpe, and so it 1Q-sheltered somewhat from the southweaterly WaVES
which tend to be weak due to the diffraction effcct -

It may be said that 1L would bagically be 1mp0581b1c to - pPOVlde Lhe
same service level at both of the- ports. Due to Lhe natural condltlonq the

calmness in the harbor area of San Antonic cannot be guaranteed,

3) Port'Related Infrastructureq and Fstablished Pori Funbtlons

" Container thﬂoDOPt is malnly used for the tran portatlon of gcnorai
. cargo, and thus it is of a purely ccmmevc;a] naLqu . ﬁasentially, there is
a strong need for well- establlshcd funetions and f&&l]iiieb Lo SupDOIL Lhe
transport of container cargoeq

To date the porf-related‘lnfraﬂtructure “and the port IuncLions at san
Antonio have not been dove]opod tc any conslderablc chant. Therefore,

reallstlcally, if a- contalner termlndl ig coneruLtad in San Antonlo it will
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r@qu1fc a sirnlficant inveslment Jn port ro]ated infrdstructures to suppovt
the movement of container cargo
Overall, ‘there is already a well-established agg1omeratzon of related

13

rommercia] .establlahmenta. around the port of. Valpavalso,- and thus the
;uwessary investment to support a- container tcrmlnal at Valparaiso would be

rciailvcly amall,
QU The Preferences of Shipping Companies

,dﬁe”faCtOv-which is'bcyond the COhtP61 of the:poft planners and the
port:authofity-is_the.preferenées of regular shipping companies. Although
Shnnnng compan:ns main concern is the level of port charges ‘there are
various other factors involved 1nc1ud1ng maneuverablllty, time limitations,
establ]dhed shipping - and dlstrlbutlon netuorks and a general intertia
whereby- snlpplng ‘firms tend not Lo Lhange Lhelr port of call without very
strong motlvatlng Factors .

Tt can be.sald-that at-present,‘under thé free competition systém; San
An%bnio 'probébly:-ddeé not offer sufficient attraction for regular  liner
operators to use “the port as a Pegular port - of call.

Bven if " the fa0111L1es at Valparalso ‘Port were to remain Just as they
are at present_ and a full-fledged .contalner Lermlnal, were built at San
Antonio, “it is mofe than likély that'the'hajority of containers which are
umnsported by Pegular llners would still concentrate at Valparalso Not
provldlng suff1c1ent fa0111tles at Valparalso mlght result in a reduced
growth raLe For contaiﬁer cargoes _

oIt must.be,remgmbered that this arnalysis prdmarily concerns regular
liner veasels_which_mdst‘follow a schedule by calling at a limited number of

ports .on a regular basis.
(4} Conclusion

Ihe rebulbs of the above analysis quggebt 1haL the contalneL fac1lltles
should he ccnccntrated at Valparaiso. .In other words, Valparalso should be
comﬁdered as Lhc bd&& port. for contaaner cargoe for the region, and San
Antonio ahould be considered as a. secondary contalner port to supplement the
activities ol Lhe ‘base. port ~ Based on this analysis, it seems that

alternative 1 may be the best alternative.
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Howéﬁer, the above analybls is carried out onlv from Lhe viewpoint of

port development plann;ng; Other factovﬂ ‘ghould be con51deved belore

determining the preferable plan. . For example, overall, long-term regional

gconomic plans must also Dbe considercd. To ..gome -extent, and. & given

sufficient  time and invebLment capital, cargo flow can be detevmined.:by

-governmental pollcy. Rolated developmenL plans Por urban devolopment and
overland'transportatlon may all effect the final choice. Burthevmoro, th
future plans and preferences of, the private sector must also be conSidered
All of these factors should be considered synthetically before SClLCtlng the

hest alternatlve which, es;entlally, is 'a pollcy dOC1ulQﬂ of the central

Government.
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VI3 Altepnativo Master Plang of the Port of Valparaiso
(1) - Capacity of Present Facilities

1n ord@r to deLcrmlne the required scal@ of the plan for future cargo
tra!flc 1t ig necessary to figure the present capaclty of the por "~ Port
apacity is generally calculated in terms of the volume of cargo which can
be handlod

blnce port capa01ty var1eq accordlng to the type of the cargo, size of
the lotl size of Lhc berth, method. of loading and unloadlng, ete., it is
often reprbenLcd 51mp1y as the volume of cargo which can be handled at Lhe
entire port. | . :

The present capacity of the 'ﬁért' of Valparaiso was estimated by
analyzing the'felatiohship~between.thé'vdlﬁme of cargo handled at each berth
and the size oF. tﬁe berth, in terms of general' cargoes and container

cargoes. The values used for the analysis are 1984 data.
1) General Cargoes
(i) Cargo handling capacity of wharves

Some " of “the data related to the handllng of general cargoes is

- shown below.

(D Average ldading/unloading_capacity per ship

Glitdnsfhbur {average number of gangs 3 gangs)
i@D:AQerage_agbual hours worked pef day : _' 22.5 hours
;@ Working days per year = o - 347 days

From the bqugh analysis \of calmHGSS .(degrec of shelterlng)
drescribed in Chapteb‘lil, the Pate of avallable work:ng days
is over 98% and-ib:is'assumed that ralny, foggy or another bad
'wedther dayq account for another 10 days (about 3%). As cargo
.cunnot be handled undur Lhese COHdlthﬂu, the number of days

zavailable for u51ng berths is:

365 days x 0.95 = 347 days
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C) Mimber of berths . _ _ 6 berths
As noted in Chapter IIiI, the berthing facililies jn:the'poptfor
Valparaiso comprise . 10. berths. 3'Howcvev,,-it' is as,umgd that,
Baron Pier is not anlLublb under the prcsont conditions r:'SO‘
the number of berths are 6 bgrthq fov goneval Lurgo Using

these data, the prescnt annual povt capacliy for general carga

is es tlmated as [ollows!
61 x 22.5 X 3%?'x.6 = 2,850 thousand tons

Assuming thét the berth. occupancy ratio is 100%, the port

capacity is estimated as 2,850 thousand tons.

2) Containers

Some of the data related to the handling of containers is shown below.

@ Average loading/unloading capacity per ship 20 contaihers/hour
{13 Lans per Contalnor)
@ Ratio of empty containers . ' 30%
@ Average actual hours worked per ship. 22.5 hours
@ Working days pér year _ : 347 déys
'GD Number of berths _ ﬁ ‘1.5 berths
Berths No.# and No.5 are prepared as container berths. Hokever, Lhe

total length of these two berths is 365 m, and this length:is not sufficient
for two full size container ?essels. |

Then, it is assumed that the present number of cOntainép-bcvths is 1.9
berths, | . o B

Using these data, the present capacity for container cargo is estimated
as below: ' : '

(20x13) x 0.7 x 22.5 % 347 x 1.5 = 2,130 thousand tony
3) Summayy

As mentioned above, the port capacity is estimated asg %uming a berth
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oecupancy ratio’ of 100%.

y11-3~1 shows the

and on A

pecupancy ratio,

thousand tons.

Table VII-3<l1

ratic near

the

Howevep

uppcp

this is not .a realistic value,
capacity based on thc appropriate berth occupancy
limit,

Assumlng Lan

the present port capaclty is estimated as

Table

ratio

‘appropriate ‘berth
about 2,840

The Present.Port Capacity by Berth Occupancy

('000 tons)

1) Container Wharf

(i)

Determination of ship and berth size

rﬁ?}é of Number . of e Capacity .
Berth ' ~ Berths’ Full Appropriate Near the Limit
cneral (0.7) (0175)‘
E;SLO - 6 2,850 1,990 2,140
e - (0.4) {0.5)
Contalner 1.5 2,130 850 1,060
Crocal | 7.5 4,980 2,840 3,200

Note: The figﬁfesfin_parentheses are the berth occupancy ratios.
{2) The Scale of the ﬁaStef Plan

‘The serv1clng ‘conditions of container vessels in Chlle are shown
in Table VII- 3- 2

holdang shlps For LOﬂLalﬂePS in Chlle isg not so large,

 This table

shows. that the present size of

According
Lo Shlpplng data aL Va]paralso Port, 25 ,000 DWT class full
container ships called at the port_ in 1985.. (Refer to Table
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table VIT-3~2 Characteristics of Container Ships in Chile

= ' S . Construe-

Name of Ships nggz;é._fggight 'Lcngth M;:;?Em '.TEU t%b?'rut
- Tounage (m) T () ) o Year _

Aﬁtbfagasta' 13,020 20,350 ° 160.3 13.7° 274 19707
CCNT Andino - 4,999 7,954 . 126.3 6.5:| 580 ° 1980
CCNI Atlantico | 5,311 6,583 119.0 7.7 352 1977
Aconcagua 14,704 | 10,470 | 174.4 9. 440 | 1972
Copiapo 16,911 15,098 | 174:4 9.4 450 1971
Imperial 16,911 14,499 | 174.4 9.4 | 440 1971

With the development of éontaiher transpoirt, the worldwide trend

is towards larger and faster container vessels. Container vesscls

of the 50,000 DWT and 3,000 TEU class_are b@ginning'sevviqé one

after another.

The servicing condition of container vessels in.Japan is shown. in

Table VII-3-3.

" Table VII-3-3 Characteristics of Full-container Ships in Japan
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. Gross’ Dea}d Lo Max imﬁm : \ Cc?ns Eruc

Name of Ships Tonnage Weight Length Draft . TEU tion
) . Tonnage _ - _ Year

tons tons m __mifiu»m _ P | ]
Hakusan Maru 23,602 | 22,935 | 209 | 10.52 | 1,198 | 1973
Hiei Maru 23,766 | 24,075 | 212.5 | 10.53 | 1,183 | 1972
Haruna Maru 16,214 | 19,620 | 187 10:52 | 851 | 1968
Hira Maru 24,794 24,344 | 214.6 | 10,52 1,072 1978
America Maru 31,854 | 32,207 | 222.5 | 11.61 1,676 | 1982
Shin Kashu Maru | 31,012 | 28,615 | 222.5 | 11.0 1,450 | 1981
Beishu Maru 23,668 | 24,191 | 212.5 | 10,52 1,183 | 1970
Hikawa Maru 26,770 | 23,514 | 214.6 | 10.52 1,277 | 1974
Hotaka Maru 21,057 [ 20,400 | 196 10.52 . 977 | 1970
Kiso Maru 38,540 | 31,771 | 261.2 | 11.73 1,83 | 1972
Yashima Maru | 35,480 | 31,310 | 245.9 | 11.03 1,730 | 1976

Australia Maru | 24,044 | 23,304 | 213 | 10.52 1,166 | 1969




Considcr1ng the worldw1de trend, we assume a - design standard of

30 000 DWI class shlps for Lhe contalner berth. The dimensions of

a heﬁth capablo of acaommoddhlng such vess c]o are given below.

Table VII~3-4  Dimensions of Proposed Container Berth

e gt

Kind of'Bsrth__

'Contaiﬁer Berth

Number Qf'berths

{(ii)

iy

Ship Size 51ze of Berth _
. Length _ Water Depth
CDLWLT. m m
30,000 300 o 12.0

For the planning method considering frequency bf'ship entry

and handling capacity, the following conditions are assumed:

() The | volume of contdlner ‘cargoes handled in 2010 is 3, 084

: thousand tons.

@

&

®

The per-container c ano volume is 14 tons

The hdndllng capac1ty of container cranes is 2% boxes per

hour, The . working efficiency is assumed to be_ 0.8

considering possible time waste in using the container

cranes. and cargo handling by outside vessels,

- The -per-berth number of container cranes is. 2.

The operating hours of the container cranes ars 22.5 hours
a day.

It is assumed thaf the per-ship number of loaded containers

.LhaL are loaded or hnloaded is - 300. The 300 per Shlp

_ flgure is qorecast based on the current handllng patterns

of containers’ at Lhe porL It is sald that the average
number of loaded contdlners per shlp is presently 183 to

300. The - ratio of_empty containers to loaded_contalners is

©30%.

S0, the per-ship numher of -containers to be handled is
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forecast as 390. -
() The number of days available Tor using bevtha is 307 days
per year. The cargo handling hours per day are assumed Lo
be. 22.5 hours.
@ Days necessary [lor purposes other than cnrgouhandling are

presumed to be 0.2 days per‘ship;

‘Based on the above assumptions, the necessary number of

container berth in- 2010 is calculated as follows:

Total number of containers iun 2010 = 21— " ° x 1.3
14

= 286,400 boxes

: . o 286,400
~ Number of calling ships = BRET T

il

735 ships

. . 3 o o
Per—ship average days of mooring = TR 32 7708 " 0.2

%

0.63 déys

il

735 ships x 0.63 days
463 ship.days

Total number of mooring days

It

The berth utilizing ratio is calculated}by3suhstituting-suitable'

numbers as the number of berths. Table'V11—3—5 shows the resulls,

Table VII-3-5 JBerth Utilizing Ratio by Number-éfrﬁcrths

Number of _ Berth Utilizing R
Berths : Ratio Estimate

2 068 A

4 ' 0.33 | x
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(iil).

.Thus, by thc_'method cdnsiderihg frequoncy -of ship entry and
handling capacity, the number of berths required as container
porths s 2 or 3. |

For peference, the number of containers per unit quay length in
furope and Japan and an outline of major container herths in Japan

are presented in Fig. Vi1-3f1 and Table VII-3-6,
Size of the container terminal

The container .terminal consists of the following facilities other

than the quaywali.

® Contéinép Yard
@D_Cdntainer freight station
) Maintenéhce shQ§

@ Administfaﬁion;office‘.-

GQ Cargo handling equipment

The size of these facilities varies according to the cargo

‘handling system.. There are three major cargo handling systems,

“that is the chasis system, the straddle carrier system and. the

transfer crane system. In addition to these - systems, some

_Container'éafgdés are handled by forklift.

‘Bach system has its own pros and cons. - In deciding on one system

or 'another, ‘it is .necessary to make a full 'study- of the land
béquiremehts and handlihg_volume ét the port. :

In palculating the_aréa of hhe container terminal, it is assumed
-hat the tranéfér crane system which is recommended in Chapter XI

is adopted. .

The' required ground. slots of containers can be calculated using

the fdiloﬁing'férmula:

s - —NC.x €S
bt xn x WD . : _
Where, GS :  Number of ground slbts_of containers (TEU)
NC :  Number of containers handled per year (TEU)

_.4'45._



£x6 i Ui veder pur. odoinsg
UT S04 1sursIuoly [ediduisg ays ur Sppurniay 13UIEIUO]) AQ psipuel

y8uay ;me nup Jad Smt SIDUIBIHOD) JO I3QILUNN] Tm-ﬁ.}. B

5104 488100 |

" wedep Qaamiluy WEpI a0k . fanquies i senasbiy euCIoDI8g sipasiew
! : H ) y - T ; T T - T v -
eurIa] ssdindingy A @ .
_ o CTAM/NBLSL whwiw
(W) @
@
L L@
a
® o
SBBA/N/ND L 87 obzusny
& () ®
vy @

|euiwilet 103

]
{paAn|ay 4B Saxag 150

o 'WaIsAg sisseYD AJUrep) ONYT VY35

{ws1sAg sisseyd}
ANV V35

FERASW/NS L Q6L Wnuixeny

00%

008

004

008

ooy

{483 A /NI 1)

o WUy nun sed sraufeiuony jo 1Bguiny

.“.,.}46“,__ .



~1 [ IS I

(]

B S o B ]

o

'8
g
671
¢ 0z
86
06
98
01z

71
zl
A
Z1
1

(A

T

1l

71

05¢
0g¢
00¢
009

o0t

20¢€

- 08T

o0%

oot

wﬁqﬂ b

X AN

autT G2

SFUTT WSO-INS2IN
GeUTT WEO-INSITR
N T8
T4V

X iN

P auy usdep
H . PuTT 87

PITAIDG PUTT-BBE

vorIvrediog sumedolasag

s394 ¥90Y

L
-

—t

O et

ot

sqoy

[

~T

(o7

or

o3
|

[T
~t

L]
—t

T0

uT

(=

au17 %

N

STUTT WSO-INFITH -

uotnrsodios 1usmderanng

LELER- T

—

" wHEsp

¥
o

x15 E1g s, uedvp

SEITY SUTdAIgs
g 8

"Dt te) Hideg |

ehoZey

{7851 : i
[z a0y wo pauadp!l

Lo IR o BN o N &

[a¥

™M
—

LS o B o7 |
P B

«1
—

00E
00t
05¢
05T

- 009 .

T4V

X AN
PUTT 8K
SUFT N

¥ i N

9DTAZRG pLTI-TAS

LU0TIRi0din) jusadeiaasg

23uTRIue)y vlodoy

110 TEPUSHOL

e e ra

FLTYONROL

[
P

ot
008

Snse

o 0t¢

SUTIT SA
auty Budes

uoTIELedl0] Tussdoyaang

1308 eLuoy

,.
H
i

SHITTOYE

i

(/s pueh
- 3

;

" -syizag Io
ysBuay traor

Apog SusasfeuTy

._.4,17 _—




oS 1 Days of combainers' stay in tbrminal:(stbrage
. S perlod)
T Numbep.of étaéking tiers (spachlng helghL)
 ror rubber=tired:trans?ev.cpane '

Net stacking container ratio exclusive of

n
operational allowance for slot availability due
to reservation, shifting or congestion

WD :  Annual working days, 330 days.

Table VII-3-/ Valués of €S, € and n

Handling mode of Contalngxs GS "_ o on
a. Inport FCL (by rail and road) 4 3 0.9
b. Import LCL ( - ! ) 4 3 0.9
c. Export FCL ( o J 7 2.5 0.9
d. Export LCL { " } 7 2.5 0.9
e. Empty containers 4 3 0.9
As for days container stay in the tofminal (the storage period),
the ratic of cargo with a storage period less than or eﬁual to 7
days is 80 - 90%'in_Japan. it ig assumed that storage period is 7
days for export containers ‘and 4 days Tor =import containers,
considering the actual flow of container cafgp in Chile.
In the case of the transfer crane systém, in general the number of
stacking tiers is 3 tiers for import,contdinevs and 2.5 tiers for
export containers, . '
Table VII1-3-8 shows the number of containers in 2010,
Table VIT-3-8 Number of Containers in 201U
_ Imporg B Export L
Container Cargo Volume. 1,997,000 tons . _”' 1“087,000 tons N
Péf~b6ntainex.Cargo Vo lure . 14 tons o
Number of Containers 143 ooo(zoo 000 110) *z 77, /00(L09 000 l¥)
Number of Empty Containers B 66,200 (92 700 TP[ﬂ '
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brom the above Conditlonb, Lhe numbpr of' container ground slots is

fcujculated as follows: -

(D Import containers

. :“ 200,000 ® 4 = "
Goa = 3 X 0-_9',-x 330 - 898 PEU

@ Export containers

109,000 x 7 i .
G8b = pte g g 1,028 TEU

@  Empty contaihers-

92,700 % & _ .
S G8e = Tx 0.9 % 330 416 TEU

GSa + GSb + GS3c¢
2,342 TEU

Total ground slots:  GSt

' 2
Te. 1° absumed tnat the required ground area per slot is 35 m , and

Lhe requlrad ground area flor containers 1a 82 thousand m {2,342
‘TEU x 35 m )

Cons 1dering the peak ratlo of 1. 3 the required area will be about
107 thousand mz. As the berth length is 300 m, the width of the
container yard will be about 119 m.

'The‘cohtainer terminal will require various facilities and the

necessary width of each facility is as follows:

Width of Apron: 40 m
:C§Rqug-cohtrél‘0ffice, etc.; TO0nm
'Separate Road: 20 m -

. Area ior Panshlpment by Unit Train: 40 m

-;Fig._VIl—3~2 shows a layout of a standard terminal based on the

above assumptions,
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Fig. VII-3-2 Layout of Container Terminal

(2} OGeneral Cargo Wharf
1} Determination of ship and berth size

At Valparaiso Port, from 1981 to 1985,_ more than 95 percent of
conventionéi.cargo ships wére sméjler*’than ?C 000 DWT, DF thu Pigure,
about 79 percent were from 10 0090 to 20, 000 DWE. (Irv]udin& Ieier sh1nn
this f1gure is about 56 percent) (Rcfez to Table LI1-2- 8y.

" The majority of ships transporttng gcneral cargo m i,hp world cur of
the 15,000 to 20,000 DWT class, The nature of bransport cargo being what, it

is_, thé rapid emergence of 'j.nordz.nately large ships is unthlnkable,
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“Under. LheSP circumstances, 20,000 DWF class Convcntional ships, mainly

]egulaf° 11ners, will be the ships which the general cargo wharf st

Vd]pardlﬁo Port w:Jl accommodate.

The . dlmcn&ionb of the proposed gcneral cargo berths are shown in Table

vil-3-9.

Table VIL~3~9  Dimensions of Proposed General Cargo Derths

| e PR . : ) Size of Berth
Type of Berth . Ship Size (DWT) Length (m) Water Depth (m)
General Cargo Berths _ 20,000 210 11.0

2) Required Number of Berths

For célculating by the method cthidcring the.frequency of ship entry

mﬂihandling’éapécity, the following conditions are assumed:

® The volume " of -general cargoes - handled in 2010 excluding

contalverlaed cargoes is 1,753 thousand tons.

& ‘The- average cargo handllng cap391ty per sh}p to 100 tons/hour.crew.
A worklng eff101ency of 0.8 is pr0ﬂumed con31der1ng unav01dab1e
wasle of lee '

The 100 tonu/hour ilgure is assumed based on the actual handllng

volump of 85 tons/hour in 1985

@) For.genéfalfcapgd, the avefégé'per Sﬁip léading[unloading volume is
3,000 tons. : - : _
The 3 DOO tons. per Shlp 1oadlng/unload1ng volume is forecast based
.on the aLLua] five year avebage of loading/unloading volume per

ship.

@}_The number of days éﬁailable for using berths is 347 days per year.

The number*of.hours_that cargo is handled per day is assumed to be-




22.5 hours per day.

@D'Days necessary for purposes other than cargo handling ave presumeq

to be 0.2 days per ship.

Based on the above assumptions, the necessary number of geuneral carg

berths (for foreign trade) in 2010 is determined as lollows:

Number of calling ships = “-§*666

584 ships

~Per ship average days ofl nooring

3,000,
2275 x 100 x 0.8

+ 0.2

= 1,9 days
Total number of mooring days
584 ships x 1.9 days
1,110 ship-.days

i

The berth occupancy ratio is calculated by substituting suitable

numbers as the number of berths. Table VIE-3-10 shows the results..

Table VIE~3-10  Berth Oécupancy Ratio by Number of Berths

Number of Berth Occupancy et bmate
Berths ‘ . Ratio: ‘stimate
4 _0.80 a A
5 0.64 _ : O
6 0.53 SR x

Thus by the method considering the frequency of ship entry and handling

capacity, the number of berths requirced as general cargo berths isd oor 4.
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1) .Cavgo handling and storage facilities

1he size Of cargo handling and storage faClllLLe& 1nc1ud1ng storeyards,
Lransit sheds and. warchouses must be determined dccordlng to the tLypes,
volume, and hand?:ng COHdiLJOHS of CATREOGS ,

1able V[L~5 11 shows the nwvgmenL of'general cargo at the porl of

Valparaiso in 1985.

Table VIT-3-11  Movement of General Cargo

(Unit: )

Indirect

Direct Storage Facility ‘Storage Yard
Fruit and o ' o |
other General 69.5 o 27 .5% 3. 0%
Cargo o ' 30.5

% Assumption based on the available data

Source: EMPORCHI

For Lhe poft.éf Valparaisq, facilities are planned assuming thaﬁ 30% of
the general cargo (except fruits cafgo) paéses through transit sheds and 10%
of fruits cabgo passﬁé through open'storage yards, and the remaining 60% of
general cargo. and 90% of fruits cargo are handled directly.

In 2010 the volumc of cargoes passing through tran51L sheds is about
350. Hunmand tons and Lhe Volume of cargoes passing throagh open storage

vyards is about 160 thousand tons

(i) Geﬁeral cargo'transit sheds
Tﬁé ﬁecessary area of transit sheds is determined by the following
formula:
_A = _ﬁ%ﬁ |
A:  Necessary ared df:frahsit sheds {mz}-
N: Annual volume of cargocs handled: 350.thousand_tons
Q:"Utili;uLJon Pale 0.6
R: Purnover of transit sheds.' 21 times a year .

W: Volume of cargoes per unit area: 1 t/m2
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Table VITI~3-12 Required Area of Transit Sheds

-y

Annual storage Required area.
volume

RaW (tons/m™)

VYolume of
cargo handled

N {(thousand tons)

N/RGW (%)

350 4.4 24,000

(ii) Open Stovage Yards _
The necessary area of the open storage yards is determined by the

following formula:

N

A =—E&ﬁ |
A Neceésary area of open storage yards (mz)'

N: Annual volume of cargoes handled: 160 thoﬁs?nd'tous
a: Utilization rate: 0.7 _ '

R: Turnover of the opéh sforage.ydrdsf 20 ‘times é;yeér

W: Volume of cargoes stacked per unit area: 1 tfmz

Table VII-3-13 shows the necessary size of 'the open storage yards,

Table VII-3-13  Required Area of Open Storage Yards

Volume of
cargo haudled

N (thousand tons}

Annual storage
volume :
RaW (tons/m" )

160

16.8

Required area

N/_Raﬁ: (%) :

10,000

4) Estimate of the Number of Berths Using:thc Egthod 6? Simulation by

Queuing Theory

The main aims of using Ethe simuldtion tests- are :to evaluate

operation effic¢iency in terms of (A) port congestign-aﬁd_ship_waiting.thm.

cand (B) the influence of ship arrival irreguiabity and berthing
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‘“%bulallty ‘The.féQUIts'of such simulations are more appropriate than the
eatimates based only on the berth allotment method maklng use of the simple
berth accupancy ratio. |

As shown in Table VII-3- 1%, two cases of simulation tests based on

dﬂj@pent.numb@?s of berths in the year 2010 have to bYe carried out,

Table VIT-3-14  Two Simulation Test Cases

(Unit: berths)

Type of Cdrgo ' oy Case-1 Case-2
- Ganaraimgéégo ' 5 4
Container . ' .3 : ' 2

”EEEQ?“"““"”“'"“ 8 6

(1) Simulation cases
"~ In ovder to determine the appropriate number of berths required in’
2010, the following matters have to be éxamined by the simulation

. tests.

@ Is thc number of berths requlred as general cargo berths 5 or
6 ? |

@ 1s the‘numbér'of required as éontainer berths 2 6or 3 7

{ii) Premlqes for Lhe 81mulat10na
'Fhe &lmulaplon tests for these cases are carrled out under the

following assumptions:

0 Shlps Lan enter and 1eave at any time. .

GD Service lec is .estimated by the type 6f cargo and a per-ship
cargo volume based on the cargo-handllng capacity in 2010 shown
in Table VII-1-3, .

@ General cargo ships use general cargo berths and container

thps use Lontalner betths in pPlﬂClple
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(iii) Inpul data ._
The following Table VIT~3-15 shows the simulation test.input datq

by each case and type oi* berth.

Table Vii—3-15 Simulatioﬁ Input Data.

. Number Rank of Ship Number Service Time
Iype of of Size 5 ook n
Berth Berths : (000 DWT) Ships (hours)
General “vo5 ' 27 ' 24.0
Cargo 5% 10 S 38 34,0
' 10 ~ 20 285 ' 42,1
5 (4) 20~ 30 . 31 47.8
w10 136 41.5
Refer 10 ~ 20 - 58 49.0 -
10 S183 7.3
Contalner . 10 ~ 20 25771 ' "13.0
3 (2) .
Cargo B 20 ~ 30 ' C285 - 18,5
(iv}) Simulation tesi results
The results of the simulation tests are shown in Table VII-3-16.
Table VII-3-16 Results of Simulation Tests
r Casa-l T : — Cate-2 : e
Ship Waiting Ratio (X) { T ) i Ship Waiting Raxio {2) :
I - "'""'4“'1 ?(‘T 5h=p .’i\'ﬂ(’x’izﬂ Bex!.h "'-“'_'"“"'_—'"}""‘"""'"'_‘"”'__"—'"—'
Average Berth Waiting ships | Waicing tice | Waiting Tidm Occupancy Waiting snips | Waiting time to
Gecupancy to ship entry ! to reoring tize | Ratic to ship entey l mooring Lize
fatio B e . thoors) NI W ) :
f.j’r“;“ ouph 21.1 .‘ 1.3 ; B2 ‘ 079 55,4 ' _ 55,1
Coal_:air.e: D.47 . F 15.4 7.6 ( 1.0 89.533 A8.0 E SfJ..l
Totai ) . _ ; 2.3 E R . ir . fr

The " output - data of the simulation  tesils includc'=thc. herlh
occupancy ratio, the ratio of the nﬁmber of waiting ships Lo ship
entry, the ratio of waiting time to mooﬁing time and the waiting
time pep'éhip. :

In order to propose the. optimuna.pldn ag the Master Plan, the

following criteria are considered.
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@):The'b¢rth'occupancy ratio should be 0.4 - 0.7,

@ The desirable ratio of walting time to mooring time is 10% or

{3} Port
1) Port
(1)

IeSSf. .
[©) The dc, sirable wai tlng time per ship is less’ Lhan half a day,

with a maximum of one day.

;Iuﬂging_ from - these criteria, Case-1 seclected as the most

appropriate plan,
Traffic Facilities
Roads

Modal Spllt _ |

'I'dble VII 3- 1? 1ndlcate t.;.he' planhed annual cargo handling tonnage
in i:he year 2010 f’or the port ‘and 1ndustr‘1dl complex and also
1nd1cates Lhe cargo_ shares handled by road and rail transport

estimated’ in Chapter VI.

Table VIi-3-17 Forecast Traffic Volume by Transport Mode

(' 000 type}
r\‘\ Tnward Ouiward . | I Total
- Reil- ' Reil- -
- Road w:y Total | Road “2; | Tota Road f";;l Tozal
E;L‘;i“‘“’“a‘ 93 s | 1,147 493 | 91 584 1,425 306 1,731
Container 797 | 287 | 1084 1,790 178 | 1,968 | 2,587 465 3,052
Total 1,729 | 502 | 2,231 | 2,283 269 2,552 4,012, 771 4,783
Hethod -

_ {ii)

Planned  traffic - volume has' been estimated using .the equation
pr‘éserited béiow ‘lhls equatlon is an emplmcal formula that is
Used in dramng up master plans f‘or‘ Iapanese port pro,}ec,ts

This iormula p("l‘lillL‘w a simple forecast aof . the traf‘flc volumes

generat_-e_d by Aa port and  industrial complex from a macroscopic

viewpoing, so it is especially useful for long-term port plans,
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(iii)

' e vol . Cxoboefo B IxE
Planned traffic volume (vehicles/ur) = | N \vﬂrw 2 X 56 % Y

(Bguation VII»1)  .

where, N: Annual Cérgo volume (t)
w: Average tonnage/Lruck

o; Monthly variation (peak month/ordlnary monLh)

Daily variation (peak day/ordlngry day)

B i
&:  Rate of related vehicles (Réjated vehicles/all trucks)
€: Loading rate {loaded Lrucks/all Lvuvks)

v

".Hourly variation (generated trafflc yolume'of.peak

hour/generated traffic volume of peak day)

It is assumed that by the year 2010, vaiues for a,_ﬁ,'ﬁ, €, will
be close to the values found in Japan; and-valges-for w and Y are

adopted based on the actual data. Therefore, the FqllOwing values

are employed.

1]

W 20.9 {iIn case of containers: W 13.9)

1.2, B= 1 4, §=0.5, €©€=0.5, Y=0.17

The equivalent passenger car units are assumed to be 3.78. This

1

G

figure- is from the actual data from the Multi-modal Corridpr

stﬁdy.

Estimated Traffic Volume o .
The total traffic volume generated by conVentional.cargd.ié 625
trucks and that ‘generated by container cargo is 1,670 trucks in

2010 as shown in Table VIT-3-18.

Table VII-3-18 Fsleated Trafflc Volumc and Requlred
- Number of Lanes

" Transperted Total Transported = | Required Huwber
Cargo Volume _ draffic . of Lanes
('000 tons) (Veﬁ/hr) ' o
Couventiéhai } S e
Cargo 1,425 625 : L
Container o2, 58? S Lo 1,674 Do 4
Total _4 0]2 N 2,299 . ~L' . : B .

© Mote: The requited pumber nf Laues ig. calculated on - a vapqctty of . .
. 650 trucks per lhour per 2 lanes.
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'Deuign of the Road Sectaons

The port roads will accommodate a large number of heavy trucksv

To.accommodate these heavy trucks, the width of each lane is 3.5m

-~ and the shou]ders aﬁe.E;S m wide so they can' be used for parking

when necessary.

and VJGltOPb truvelllng to and from the port area w1ll

Thuu,

WOrkers

primarlly travel. by’ bigycle‘ or op foqt. an approprlate

sidewalk or bicycle path éhodid'élsb'hé prepared with a width of

2.5 m,

‘The designs of the proposed road sections are presented'in

- 4569 —

I'ig. VII-3-3 for 2 lanes and blg VII- 3 -4 for 4 lanes The total
w:dth of the 2-lane road is 17 m.
s £ . -Stoppage | -
S:dewalk zton;;page Roadway ) Roadwav. Zone 9e. Sidewalk
.28 25 | 38 3.5 285 | 25
e o S e o] Foo s} —— oo | ——— S
B 17 N
{unit: m)
Fig. VII-3-3  Cross Section of Port Roads (2 Lanes)
o & :
Side- . Stoppage : : L . ~ Stoppage
walk - _. Zona | Roadway . . Roadway Zone
3 25 7 'i 7 285
e g Bt S A ot B
, 23
{Unit: m}
ﬂg VIL3-4 Cross Section of Port Roads (4 L:mes)



2) Port Railway

The prlmarv cargoes for failway transPOPtation are containers ang

and the total estlmated teaffic volume by railway is ahoyt

general cargo,
2010 as shown. in. Table V11-3-19. Then, it may e

770 thousand tons in
necessary Lo arrange a rallway siding behind the_container'berth_and in the

yard behind the transit sheds at some general cargo berths,

Table VII-3- 19 boreLaqL Traffic Volumu by Rallway
' al’ the Port of Valparaiso

(1000 tons)

Commod ity ” Forecast

: : ildffLL VolumL

‘Container o o ““géé (15/) ]

General Cargo 258_(192)

Copper . S 42 '(_202.).
fotal | 766

Note: ' Figureées in parentheses are the share _
of the total volume for each Lype of cargo

(#) Alternative Layout Plans
1} Concept for Preparing Alternative Plans

In order to prepare master plans, it is necessary to consider the
following ~items in addition to the basic concept . for the master plan

discussed in Chapter IV,

{i) - Relation with existing port facilities
Since the present port dChlVltles shouid not be 1nterruptcd during
the construction of new port ‘facilities, th‘negativa giffecty on
the present port ‘Facilities must be minimized. Por thié reason,
the new plan should ideally”tdke place in an awaa'which is, by awd
large, separate from ex%sting dert facilities and activities,
However, it ig not feasible to  dev¢lop new Pacilifies in an

~centirely  separate arca considering - natural  and. economic -
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(ii).

cohditions Therefore, it is necessary to carefully consider the
uL1lJzaL10n of ‘existing port fa01litles and substitute facilities

durin Lhe devclopmont work,

Relation with neighboring city districts _

.In Valparais0 port, the port dl%trlct is located. adgacent 'to urban
areas. Uéual]y, 1t is neressary to ‘establish & buffer zone
bLtween.port facilities and the exjatlng city dlstrlct in order to
mdiﬂtalﬂ or improve the overall env1ronment of the city. However,
‘1L is dlfflcult to esLab11 sh such a buffer zZone ‘at this port, and,
for Lhc same reason, the reclamation area will be minimized.
Another way to prepare spaée Fér port related facilities such as

warchouses, businesses and industry is through redevelopment of

. the existing city districts near the port.

2} Altefnablve Master Plan& and Ratlonales for Each Plan

The alternatlve mabter plans are termed A B, C aﬂd D as shown in Fig.

\.[J[j5—8

SpeC1al con81deratlons have been made in ‘preparing each alternative

plan, as outllned below

i)

Plan A -

This "plan'.is"'consistent with "Zoning Plan B" presented in the
progress rTeport. - The container berths are located west ol Baron
piér_éhd the general cargo berths are located at'existing berths
number 1 - 8}  _ ._ } _ -

As for the}géﬁeral cargo berths, a slip between berths number g, 5
and 6 is I@ciaiméd to obtain the.areé for the stockyard " For the
contaihér”yard it is necessary to utllize the area for r? CC.

In orde; Lhat the constluctlon of th° contalner Lermlnal and the

dctual serv1ce° begzn as soon as p0831b1e and so that. the 1n1t1a1

work - ‘and  the initial ancoLments be kﬂpt as -small as poss1ble,
cxisting berth number 8 and the adjacent new berth are utlllzed as
Container'berths ' ' ' '

The promlnenL feature of the plan is the locatlon of the contalner

wharvou, ndrrowlng the watcr area inside the port which would

become diffieculy ﬁo contreol the traffic from the port via the
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iii)

iv)

access road.

Plan B
Plan B is similar ko FPlan A. In order to obtain a sufficient
stockyard for containers, the COHtﬂlﬂCP berths are located east of

Baron Pler.

This plan resolveq the future traflfic problem by linklng the port
with the new access road which is planned east of Vqlparalso city.

This plan would permit future development of the port alter Lthe

year 2010.

Plan C _

This .plan is consistent with “Zoning Plan A" .pfésehted in  the
progress report. The contalner ‘berths are located at-.éxivting
berths number 1 - 7 and the gcneral cargo berths at existing berth
number 8 and in the adjacent water area. Recrcat;on areas such as
a marina and parks, and the urban area’are locatéd around Baron
Pier in accordance with the removal of_ﬁhe fRUERTO"‘SbétiOn}

For the container berths, the:city distﬁict behind existing berth
number 1 - 3 is redeveloped to obtain the area for the container
stockyards. |

The prominent feature of this plan is the overall location of the
entire port facilities, congesting both ship and.road traffic.
Under this plan, it would be dlfflcult to nav1gate ves sels dnd to

control road traffic in the future.
Plan D

This plan is basically the same as plan C. The:main:difference'is

that the hill behind existing berth No.l would not be cut.
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(5).'Rough Ivaluation of the Alternative Plans

'Tﬁé :aiﬁéfhﬁﬁive”_plana are .cvaluated based on . the ecriteria for
GvﬂludtjéﬁIQXplaiﬁéd:in‘ViI;i(7)p The four alteﬁnative plaﬁs are evaluated
ap  summarized ~in Table VIT-3-20. As .‘a result of this comprehensive
Ovaluation, Plan B and Plan D are evaluated nearly equally. However, Plan B
cnsts much more moncy than Plan D. So, Plan D is recommended as the Master

plan for leparéiso Port, as shown in Figure VI1-3-9,

Table VII=3-20 fvaluation of the Alternative Plans

Criteria

Evaluation_ :

L . Plan A | 'Plan B Plan C Plan D
Manguverability @] © AN AN
Convenience' | . Layout . ‘ O © O e
1" yeilization of Facilities O - O ©
_;afety C;lmgéss‘:  _ @ .C) O 2
o Emer gency Méasures O O O C
Economy . .| Total Cpnétructibn:Cost_ Fa FA O e
- “Adaptability ) A © A )
Flexibility "Room for Future De#elopmént O O Q O
. Tmpact on Social Environment A O TAY FA
Environment Impact on Natural Environment C Fa¥ O O

Note:’@)ﬁxcellen;_ o OGood . - I\ Some Problem

The overall -construction costs of alternativé plans for the port of
Valparaiso are estimated as ihdicated in'Table.VII—3—21, The construction
costs includc'ali:the'pOPt'civil works at the planned berths and procurement
of mwwaineriéﬁanés excluding on-land cargo handling equipment. A sum of
36% of the=direct_cost to:cover indirect costs for construction works, 15%
for Dhysical coﬁtingencios and_5% for engineering studies is also included

i the construction costs.



Table VIi#3—21 Construction'CbstS of-AlteDhativc-
© Plans at Valparaiso

. . Cdnstruction Cést
Alternative " (billion Chile pesos)
_ma__m*gjgf_m_,A_~WﬁMmi,,wwkm_~*“wwww_mﬂgi‘;1
B 80.8
C 513
D 46.9

(billion = 1,000,000,000)

466



Apron
Transit Shed
Cargo Handling Area

Storage Area
{Parking Areal

Redevelopment Area

Container Yard

Port Relatad Area

"Rosd

Green Belt, Park.

TiE - - ! o

t

}

i

]
/
B 7
o

T

‘Fig. VII3.9 Master Plan of Valparaiso Port (2010)

467

™.

- .,

S$=1:10,000
Unit: m







yii- Alternative Master Plans of the Port of San Antonio
(1) Caﬁacity of -Present Facilities

Thc present capa01Ly of the port - of San. Antonio. was - estimated by
analyzing tho re]atlonship betwecn the vo]ume of cargo handled at oach berth
and the size of the berth in terms of general container and grain cargoes.
The values used For the ‘ariglysis are from 1984,

1) General Cafgoes

Soﬁe of the data felated to thé handling of general cargoees (including

copﬁer) at the port of San Antonio are shown below.

O Aﬁcragé'10ading/unloading capacity per ship:

9 tons/hour (averagc nupher off gangs . ' 3 gangs)

@D Average actual hours worked per shlp 22.5 hours
@D3horklng days per year o 330 days

. From. the rough analy81s of calmness (degree of sheltering) presented
lﬂ Chapter 111, the rate of avallable worklng days is 92%. It is
assumed that ralny or other ‘had weather days account for another 2%.
As CATEO cannot be handled under these condltlono,'the number - of
days available for using herths is approximately.

365 day x 0.9 = 330 days
@) Number of general cargo berths 3 berths
' As noted in ChapLer III e Judge thdt the berthing facilities in
thig port prescntly comprise only the 4 berths'located at the jetty
and thefgrain berth. It is assumed that berths No.5, No.6 and No.7
are ubed Afor- the general cargo, 50 the number of general cargo
bCPth lS Lhree Berths No.6 and No.7 were ¢er10usly damaged by the
eavthquakc, but Lhe%e berths can still be used with a 11m1ted load
for a short period oF Lime.
Using th¢se-data,_the preScnt annual port capacity for general cargoe
is estimated as félloWS' : o
79 x 22.5 x 330 x 3 = 1,760 thousand tons
Asaumlng thai th berth éccupancy ratlo is 100%, the port capacity

is estimated as 1,760 thousand tons.
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2) Containeors

Some of the data related to the handling of containers gﬁe showin beloy,

O Average loading/Unloading capacity per ship 25 boxeé/hou?
@ Average ‘actual hours worked per ship: _ 22.% hours

@ Working. days per year _ :: 330 days

@ Number of befths y_berth

)] Number of empty containers | _ 30%

Berth No. @ is used for the containevr cargoés.
Using these data, -the present ammual  capaclty Tlor containers is
estimated as follows:

2% x 0.7 x 22.5 x 330 x 1 = 130 thousand containers
‘3)  (rains

Cargo handling equipment, working hours and other items concerning

grain cargb handling are as follows:

Average loading/unloading capacity per ship .. oo tons/hour

€&

& Average actual hours worked per day 22?5 hours
t) Working efficiency'(assﬁmed} . 0.7

@ Working days per year {assumed) o 260 days
& Number of berths ' . .-} berth

These data are used to estimate the annual grain handling capacily uas
follows. ' ' _ .
500 x 0.7 x 22.5 x 260 x 1 = 1,640 thousand tons
The wheat berth is located at the ﬁorth §art'of the port (PANUL).
The appropriate berth_oécupancy rate is assumed as HO%,-and.the proscnt

berth capacity is 650 thousand tons.
&) Summary

The .port capacity .estimated in the above sections assumes a berih

occupancy of 100%. However, this is not a. realistic appraisal, Table
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(-1 éﬁéwS the port capaciby consgidering appropriate berth occupancy.

capacity

At

is

in - the table.

V-t
Lhe ﬂppfODriate' berth occupuncy 1evel,'_the present port
sotimated ag- about 2,160° thousand tons,
fable VII-4~1 The Present Port Capacity by Berth Occupancy
o o (Unit: '000 tons)
Typé of Number of | Capacity
BLth Beths Full Appropr late
thtlﬂl j 1,760 (0.55)
. Cargo e 940
Aprlcultural , (0.40)
4
mﬁglk (Wheat) ;l 1,640 650 ]
Coritainer {0.40)
Largo _1_ 1,690 670
Total 2 2,460
Note: Figures in parentheseses are the berth occupancy ratios
As Tor the general carge berths, thé appropriate berth occupancy ratio
is 55% and the capacity is 940 thousand . tons as _noted
However, -if the occupéncy‘rate was 75%, near the upper 1imit which could

possibly be handled.at these berths,

Long.

(2)

1) Mul-

(4)

tipubpose Whart

The Scale of the Nastén Plan

Determination of ship and berth size

This berth will handle containers,

chossing the
containers

conSideréd

berth
along

“Table

size,
with =~ other

VII-b-2

"Chllcan shipping companies.

shows

semi-container

cargoes

the

bulky cargoes and so on.

ships .

at - the same

which

semi-container ships

the capacity would be 1,280 thousand

In

carrcy

are

of

lhe average size of ships belonglng to CCNI is about 26,000 DWT.

On the other handy
to 27,000 DWT.

10,000  DWT

Compaﬁy. 
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In addition, as a matter of course full-container ships will also

call at the port of San Antonio.

Table VII=4-2 SemifConpainer Ships in Chile’

Number ' Ctoés : Dead
Firms of e o Weight TR
: Ships . onn;g Tonnage - _
GONI T4 1 e3,sia | (102,236 | 01,636
CSAU v 24,048 - 34,232 L 524
- Empremar 3 28,463 ._47,347 : 882
Total 9 116,325 183,815 3,042

Source: Nihon Yusen Cowpany

Under these circumstances, 30,000_DNT ¢lass vessels are the ships
which the multipurpose wharf at the bort of Saﬁ' Antonico will

accommodate.

The dimensions - of the multipurpose berth "are shown in Table

VII-4-3,

Table VIT-4-3 ~ Dimensions of Proposed Multipurpose Berth

Kind of Berth : Ship Size A 5120 thBerth
e Length Water Depth
Moltipurpose 30,000 Wt | 250 m | 12.0'm
(ii} Number of berths

' For the planning method considering the frequency of ship entry

and handling capacity, the.fdlloWing?conditiohs arc assumeced:
(O This herth 1s a multlpu?posc bcrbh “but the cargo COﬂuidBN”!

hereln is the contalner cargo

The volume of Lonfdlner cargoes ; handled in 2010 is 551 thousand
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@

@

@

tons,

Phe per container cargo volume is 14 tons.

The working -efficiency is assumed  to be 0.8 considering
possible. time waste in using the container cranes and cargo

handling by outside vessels.

It is aséumcd that the per ship number: of loaded containers

‘ that are loaded or unloaded is 300. The 300 per ship figure is

forecast based on the current handling patterns of loaded
containers at the ports. B

The ratio of emhty containers to loaded. containers is 30% from
the'actual data. Sog.the per ship number of containers to bhe

handled is forecast 38:390,

The' number of days available for using berths is 330 days per

year. The cargo handling hours per day are assumed to be 22.5

hours.

Days. necessary for purposes other than cargo handling are

presumed to be 0.2 days per ship.

‘Based on the above assumption, the necessary number of container

berths in 2010 is calculated as follows:

Total number of containers is 2010 =

- 551,000
%

51,160 boxes -

1.3

il

51,160

Number of calling ships | = 3

= 131 ships
P’-'"; SRS ve . i 390 '
er—ship average days of mooring = + 0.2

.. Total number of wooring days

22,5 x 25 x 1 x 0.8

H]

- 1.1 days

131 ships x 1.1 days

]

144 ship.days
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The berth utili?in? ratio is calculated by pubstituting

appropriate numbers as the number of bcvbhp‘ ‘Table VlJ—H—H shows

the results. The necess dvy numbcr of berlhﬂ is ona.

rable VIT-4-4 = Berth Utilizing Ratio by Number .of Barths

Number of . Berth.ut%liZing 1 Estimate
Berths Ratio ' '

1 0.44 ' e &

9 - 0.22 x

2) General Cargo Wharl
(i) Determining of ship and berth size

i} Presenb ship size
Accordlng to the data of LNPORLHI on the gonepal cargo Shlp%

calling at the port of San Antonio'in 1984, the maximum ship
size was about 30,000 DWF. But aé-sh@wn in Fig. 111-2-3, the
main ship size was 10,000 -~ 20,000 DWT representing 713% of all

general cargo ships.

ii} Determihation.of'ship and berth size for'plan;
On . the other haﬁd the majovity of'%hips tFanspdrting general
cargo 1n the world are ol the 1?,000 - 20, 000 Dhﬂ C]dh%
Tha naiure of cargo tPansport ‘being what it  is, rapid

emergence of inordinately large ships in unthinkable.

Table VII-4-5 Dimensions of Proposed General Cargo Berths

Kind of Berth Ship Size . Size of Berth .
: Length , quar DLpLh )
General Cargo 20,000 DWT 210'm : 11.0 tit
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(1i)

Nunber of calling ships

Per ship average days of mooring

Number of berths
For'thc'method considering PfeQucncy of ship entry and handling

capabity,-tho'following conditions arc assumed:

@ “The volume of foreign trade.general‘cafgoeﬁ handled in 2010

excluding containcrized cargoes is 1,712 thousand tong,

& The ave?age'cargo handling'capacity‘per ship. is 120.t0ns/hour..
A‘working efficiency of 0.8 is presumed considering unavoidable
.‘Qaste‘pf"time; .
Tﬁe"120 tons/hdur _?igure‘.is' assuméd bascd on  the "actual
'hahdliné rate of 98 tons/hour in 198& for general cargo and on.

the actiual handling rate of 180 tons/hour for copper in 1984. -

& For .Gchcral. cargo, the average per ship loading/unloading
| volume is 3,000 ﬁoﬁs. .

The 3;000 Ebnsfper'ship-loadihé/ﬂnloading volume is forecast

based_'on'.the actual. five year average of loading/unloading

volume per ship.

@ The number of days available for usipng berths is 330 days per
year, “The number of hours that' carge is handlied per day is

“assumed to be 22.5 hours per day.

& Days necessary for purpose . other than cargo handling are

presumed to be 0.2 days per ship.

Based on the above assumptions, the necessary number of general

cargo berths in 2010 is determined as follows:

1,712,000

3,000
= 571 ships

4

3‘,600; . o
(20 % 225 v o8+ 02

1.4 days
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(iii)

fotal number of mooring days = 571 Ships x L4 days-

= 1,799'Ship;déys

The berth utilizing ratio is calculated by'subﬁbituting sultable

nuibers as the number of berths. Table VII-li-6 shows the results, .

Table VII—4~6. Berth Utilizing Ratio by Number of Berths

Number of _ Befth-Ut%1121ng Estimate
Berths Ratio .
3 0.81 A
& . 0.61 - ... : O
0.48 X

Thus by the method 'considering frequency of 'Ship‘_entry and
haﬁdling'capacity, the number of berths required as geﬁeval cargo

berths is 3 or 4.

Planniﬁg'of cargo handling areas _

The scale of transit sheds and open storage yards has ‘to be
decided in consideration ofl the-typeS'and'quantitiés of.cargoes
and the conditions of handling. Cargoés can . be divided into three
groups depeﬁding on how they are handled after unloading. '

1)} cargoes stored in the.frénsit shed to prevent. damage due to
rainfall and theéft, 2) cargoes which may be képt safciy at-ﬂm
open storage yards, and 3} cargoes fdr'immédiate deiiVery vithout

using these:facilities.

Table VII-4-7 shows the movement of géneral_caﬁgo at the port of

San Antonic in 1985.

Table VII-4-7  Movement of General Cargo

CQmik:r )

CDrec Tndirect .
L poom - = i wir et e,
Direc Storage Facility Storayard
Cenéral Cargo ; T _ -
(Including Copper) s T A .. 20
Bulk Cargo _ 88 . : _ 5 . . 7

Source: EMPORCHI

476~



As: for the port of San Antoriio, the volume of gencral cargo will
increase :as8 Shdwnrin'phe”dcmand foredast, so the ratio of cargo
passing through transit shéds will become higher. In the case of
ports in Japan (Tokyo and Yokohama Ports), the ratio of gencral
cargn.pa551ng though transit sheds is about 30%.
PaCll1LlOS are planned based . on the asqumpt:on that 30% of Lhe
general canrgo wlll pass Lhrough Lran51t sheds, 10% will pas
Mubugh open storage yards and Gthe Pemalnlng 60% will be handled
djvectly . -
‘Other mﬂJOP LanOCu are assumcd to be handled as follOWS
Wheat 1is delLvered-lmmed;atgly. 90% of copper and bulky cargo
will be kept at the open storage yard and the other 10% will be
andled directly. As éxplained. above the remaining general
gdrgoe ‘are asbumed jOﬁ Lhrough Lhe tran51t sheds, 10% Lthrough the
open ULorage yards and 60% by immediate dCllVePy
Based on - the above - assumptlonb, in 2010 the vwvolume of cargoes
paSSlng through transit sheds is 288 thousand tons and the volume
of  cargocs pa831ng Lhrough open qtorage yards is ‘156 thousand

tons. -

1} General cargo transit shed

The necessary area of transit sheds and warehouses is determined by the
. .

following formula:

A=

N

RaW

: . : L ?
Necessary area of transit sheds (m™)

Annual volime of cargoes handled: 288 thousand tons

'Utilizaﬁién rate: 0.6

‘Turnover of_transit sheds: . 24 times a year:

R, 2
Volume of cargoes per unit area: 1.5 t/m

288,000 o el 2
TR O6 % 1.5 - 13,000

_Apﬁébdingly, an area of at least 13,000 m? is reQuiréd for the storage

facilities,. that is the combined area of the transit sheds and the

warchouse,
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2) Open storage yards

The neccessary area of open

formula:

storage yards is determined by the following

A Ra‘iii'

' - 2
A:  Necessary avea ol open storage yards. (m7)

=

Annual volume of cargoes handied: 756 thousand tons
a:  Utilization rate: 0.7 .

R: Turnover of the open storage yards: 24 times a year
W Voluﬁe af cargoéé stacked per unit area: 1.5 t/w
756,000

Aok 1l T o000

>

Accordingly, an area of at least 30,000 m~ is required for the opoen

storage yardu.
These flgﬂfeb are calculated based on VaP10Uo assumptlons, 50 uhe sealy

of transit sheds and open ‘storage yards should be reconfirmed based on

further analyses of the present and estimated future. cargo {lows.

3} Grain wharf

{1)

Determination of ship and berth size

As shown in Table VTT—1¥2 for ships calling at the port of BSan
Antonlo the average loading and unloading volume of angcultuzu}
bulk carge is about 17,000 tons pPP Ehlp.

On the other hand, the ship size oF grain bulk ﬂPPlPF» whach call
at the port of San Antonioc is mainly from ?5,000 DNF-:LU Gver
30,000 DWT (refer to_Fig. 111-2-3), and the average téﬁnagc s
about 30,000 DWI. |

So Ffar as general bhik ?érg ig conccrned it is necessavy to
increase cargo hdndllng efflclency. Table VIL -8 ehowa the size
of grain carriers Jn the world [rom 1970 to 1960 Though vessels
less than 40,000 DWT- SEill account for more than':SO%'ioF all

vessels, the share 'of these - smaller 'vessels —1is gradually
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decroasing, a situation which shows that the trend is going toward
larger and larger ships as 'part of the rationalization of

" Lransport

;Tabic VIIHA—S "World Grain Carriers

e Year 1970 1975 1980
Dl T
{thousand tons) .

VLess than 40 . 89 69 : 52
40/60 10 15 20
60/80 1 ' 7 17
80/100 = 2 2
More- than 100: ' R : . ' 9

Source: - Cargo. Systems Research/Consultancy Division

But;mnéideving that the volume of cargo will not increase but
rathef;decgease_based'on the deménd_forecast, and_conside?ing the
shib]Size at bresenﬁ, it ivill he sufficient to prepare berths
whicﬁqcén'aéédﬁmddéte the = 40,000  DWT vessels which continue to

_ handle much of ‘the world grain traffic.

The dimensions of .the proposed grain berth are shown in Table

VII-A-9.
Table.VII~4~9_ Proposed Grain Berth
Kind of Berth ~ Ship Size Size of Berth -
. o o ' ' Length Water Depth
Grain Berth 40,000 DWT 230 m . 12.0 m

(1i) * Number of berths

i} Method considorihg_ frequency of ship éhtry and handling

capacity
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In

planning, the lollowing conditions are assumed:

D The volume of grain Cargoes'in 2010 is 724 thousand. tons,

@

As for grain cargo handling, high cargohhandiing eficiency
is uéually'ihe_ﬁmih gdai.' Howévéf, the ‘volume ol grain
cargoes in 2010 is only 724 thOUSaﬂd.tOnS, and.thiavalume
is. less than the wvolume in 1984, Then it  secms :to ho
sufficiéﬁt if the handling capacity in 2010 is'equal Lo the
existing handiing'cépaciﬁyt"ﬂssuming sisultancous use of
three sets -of handling equipment including ship gear, Llhe
grain handling rate in the year 2010 is lorccast as h00
toﬁs/hoﬁr/ship. Foﬁ this calcﬁlﬁtioﬂ,.ﬁorking efficiency

is presumed to be 0.8.

The avérage per ship loadihg/unioading volume is 17,000
tons. The 17,000 fons/ship figufte_is based on thé_attual

five year per ship average of 16,385 tons.

The hefths are available For_uée_}}O ddys_per year. The

cargo handling hours per day are assumed to be 22.5 hours,

Days necessary for purposes other than cargo handling are

presumed to be one day per ship.

126,000
17,000

i

Number of calling ships

}'h3 ships

17,000 4
_.22;5”x 400 x 0.8

HI

0.2

Per-ship average days of mooring

4

2.6'days

Total number of mooring days = H3ishiﬁs x 2,6 days.
' ' 112 ‘ship days

b
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. The borth utilizing'ratio by the number of berths is shown
in Table VII-h-10. |

Table VII~4—10 Berth Utilizing Ratio by Number of Berths

Namber of " Berth Utilizing N
" Berths Ratio : Estimate
1 o034 O
2 0:77 x

So considering the frequency of . ship entry and handling
capacity, the number of berths required as grain berths is

one.,
4) Chemical Wharf
(i) Determination of ship and berth size’

As shoWﬁ iﬁ;Ta§1e VII—JnZ; for ships callihg at the pori of San
Antonio, the'_average loading and unlbading volume of chemical’
.liquid Cargé'is.ahouLSI?EOD to 4;700 tons per ship. The wmajor
ship size is' from 20,000 DWT to 25,000 DWT. |
ﬂhking inﬁofaccbunt'the worldwide trend toward larger ships, the
éhemicél‘liéuid:wharf at the portfof San'Antonio should be able to
agcommod§£e 30,000 DHT vessel$.__
According to Figs. VII-i-1 and VII-4-2, 30,000 DWT ships measure
about 190.nx.h3 lehgth'and about'il m in fhll;ioad draft. The
1éngth_of.a qnay:ror & 30,000 DWT ship normally  is equal'to the
sﬁips length plus a mérgin fdr.the'10w line and the stefn'line.
Water depth alongside the Quay.is 12m, which represents.the full

'lpad draft plus an appropriate keel clearance,
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The - dimensions

of the proposed chemical bherth are shown in Table

VIT-H-11,

Table VIL-4-11  Proposed Chemical Berth

(hemical

(ii)
n

@

@

@

©

e et it o

waste of txme

Days .

Ship' Size Size of Berth

Length Water Pepth

30, 000 DT 220 m 12.0 m

Number of berths’

planning, the following conditions are assumed:

The volume -of c¢hemical liquid carge in 2010 is 354 thousand

tons.

The averdge CArgo’ handllng capacity. per ship is 200 tons/hour
A worklng eff1c1eqcy of 0.8 LS prequmad considering unav01dab1e

" The 200 Lons/hour figure is assumed based on

‘the actual handling volume

Ehe avcragc per ship 10ad1ng/unload1ng volume is 5,000 tons.
The 5, 000 tons per ship Loadlng/unloadlng volume is forecast

pased on the actual hlgneut 1oadlng/unload1ng volume per ship,

The number of days availablé for using the berth: is 330 days

per year. The number 6f hours that cargo is handled is assumed

to-be:ZB;S hours per déy.
necessary. for purposes other than cargo handling are
prcsﬁmgd to be 0.2 dayé-per ship.

Based on the above assumptions, the necessary number of berths

" in 2010 is determined as follows:
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‘ : . 154 ;
Number of calling ships = fgiiggg-

i

71 ships

Per ship average days of mooring

. 5,000 ‘0.
" (00 % 22.5x 0.8y F 02

_ = 1.6 days
Total number of mooring days = 71 ships x 1.6 days

= 114  ship.days
The berth utilizing ratic 1is caleulated by subsﬁituting

suitable numbers as the number of berths, Table VII-4-12 shows

the results.

Table VII-4-12  Berth Utilizing Ratio by Nuanf of Berths

Number of Berths Berth Utiliziang Ratio: | ‘EQtimate
0.35 O
2 0.17 ' . X

Thus by the method considering  frequency  of ship’® entey and
handling capacity, the number of  berths required as chemical
berths is 1. '

4} Estimate of the total number of Berths Using'fhé_Methédiof Simulation
by Queuing Theory '

As éhown in Table VII-L-13, two simulation tests based_dn differvent

numbers of berths in the year 2010 have to be carried oul.
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(1)

{(ii)

{(iii)}

,ﬂypv o[ Calgo ' :

~ Bulk - (Wheat)

'10tal

Table' VII~4»

13

Simulalbion Test Cases

Geneval Lahg

Agrlcultural

Chemical Liquid

Lontalncl

Ldse 2

Cdse -1
AU
4 3
1 1
1 1
1 1
7 6

Simulation cases

Spebifically, in

berths required in 2010, the number of general cargo berths has to

be examined by the Simqlation'tests.

The

@ Ser#ice-time is "estimated by the type of cargo: and per-ship

cargo Qolﬁme bagsed on the cargo héndlihg capacity in 2010 shown

in Table V11~1f3.

@ General cargo shipsg use'general cérgo berths,

- However,

berth.

‘@ ships loading’ cargoes othef'thanigenefal‘cafgb have to use the

order

following assumptions,

.Prcmlse@ ior Lho sxmuldtxon

;Jmu%&tlon ‘tests for these cases are

to -detobmihe the appropriate number of

@ Ships can enter and leave at any time,

gcncral cargo ShlpS can dlso use the multi- purpose

berths'designed for their specific type of cargo.

ihbut ﬁatd

by case and type ol berth
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Table ViI-4-14 . Simulation Input Data

P;?pe of Number Qf ‘§§2§'§fze : Nuwb%r of a jﬁ?rVLcé ﬁ
Berth ~ Berths (1000 DWT) Ships = | %Lme.(houxs)
- o e e e

Ceneral “{‘5' . _26 - - ‘llsj
Cargo 5710 54 34.3
4 (3) 1020 402 37.4.
- L 2030 | - 58 56,6
P *’“f“ffj;”;&"“f””““mm’Wza'”"j““”“wv*MHi~f e
Cagricultural | 10 v 20 8 274

30 9 39.3
40 26 743

Bulk Cargo 1) 20
{Wheat) _ . 30

“\

s

~ 10 8 32.1
- |

N

20 10 34,3
30 46 415

Chemical 10

Liquid Cargo

S e EERSva o T - 1

~ 10 33 10.5

Multi-purpose 10 v 20 46 2200

| e P 52 | 330

{iv} Simulation Test Results
The results of the simulation tests are shown in Table VIT-A-15.
~ Table VII-4~15 Results of Simulation Tests

P e Case-l = : : .tase--z . o i
Ship Waitisig Racio {1} I~ Fer Ship Average Borih. sShip Hzitﬁir!ﬁ_i{atiu {X} Pur ki 1
awerage Berth | Waikting ahips Walcing time | Haicing Tiew . Occupancy Ualting ahips | Halting tice tp Waizing T ©
Occupancy ta ship entry | Io mooring time Razio 4 to phip entry  seoring bise i
Racio : (houdd) ’ houesi
G o.66 | 3.6 1.2 6.9 0.8 @ S a9 ws
;ﬁ;‘iculmral 8.33 5.0 R N LY B33 ‘zs.b .5 3
_— . - . ; i
A tdouid ) . ) i
et | em b aes 3.1 15.3 0. 29.5 e Wy
Multi-purpose)  0.42 R 46 10.4 bz | w1 4.6 W
Tocat | o ‘ 8.5 . L - o wi
4 q o et
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The 6utput data. of tho simulation tests inolude‘ the -berth
_occupanéy.vatio, the Tatio of  the number of ‘wditing ships to shap
.ensny}.the‘fatio of walting btime to mooring time and the waiting

pime per ship. o ' |
'In _6Pdet’ to propose tho.'optimﬁnl plan és tﬁe Master Plan, the

Folldwing:CPiteria are congidered.
@ The berth occupancy ratio should be 0.4 - 0.7.

@ The dcsirable ratio of waiting time to mooring time is 10% or

less.

6 Desirable waiting time per ship is less than half a day, with a

maximum of one day.

Judging from - these criteria,  Case-1 .is selected as the nmost

appropriate plan.
(3) Port Traffic Facilities
1) éortTﬂéads:
Using the same method dcscrlbed in Chapter vii-3 (3), Ithe”appropriate
number of 1anes is determined below '

Table VII =16 showu the modal spllt at the port of. San Antonio, and

chle VLI~ N—l? shows thc estlmated tvqfch volume and required number of

laneh,
Table VII-4<~16  Forecast Traffic Volume by Transport Mode
N _ : o e {1000 tons)
- TIuuard S Qutward . ' Total
_ Road Railway |~ Total Road Railway | Total Road | Railway Total
{onventional h . ’ ; . '
Cargo 503 | 588 1,091 861 805 1,666 | 1,364 | 1,393 2,751
Containers 186 | 015 199 214 138 3s2 398 153 551
Total - 687. L. 603 - ] 1,200 | 1,075 943 2,018 | 1,762 | 1,566 3,308



Table VII~4~17

Numbur ot Lancs

Estimated: Itaiflc Volumo and Requlled

Trangported - Total Transportod Rminire;d Number
Cargo Volume: Traffic of Lanes
( 006 Lon‘s) {vah/hr) _

{501wentimm] 1,364 38? y

Cargo

gontalners 398 167 2

Total 1, ?6) 52& 2

Sy o= Qi

The total tralfic volume generated by conventional cargo is about

390

trucks per-hour and traffic from'containefs is about 170 trucks per houy in

2010.

The total trafflc in the port 15 about %50 trucks per hour,

" required number of lanes is 2 and the width of the port “Odds ig 17m

s50. Lhe

the

same as the widith of the port roads in the port of Valparaiso.

2} Port Railvay

The primary cargoes for railway transpertation are copper and wheat,

and the total estimeted traflic volume by

railway is

tons in 2010 as shown in the following Table.

Table VII~4-

Note:

abouL 1;550.th0usand

ForacasL frafflc Volume by Kallway

©('000 tons)

Other Gargdeé 

0327 (217

i8
at the PorL of San Anroulo
. . Forecast
?ommod1t¥ - Traffic Volume
Copper 386 (302)
Wheat 680 (94%)
Containers 153 (28%)

Total

1,546

Figures in parentheses are the shave of the

total volume for each typé of cargo
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rable VIT-4-18 shows that a Significant-VOTUme of cargo will be carried
py railway, 80 it is ncccsqary to arrdnge a railway siding on the apron or

in the yard behind Lhc transit shed.
(h) Alternative Layont Plans:
1} Preparation of Alternative Plans

In drder to 'prepare' a master _ﬁian; several copditions must be
conéidcred; Fqn'qxampie, the potehtial.rénge of port devélopment; the scale
of thé pért'facilities.Lo'beﬁdcveloped! and the relaﬁioﬁs with the existing
por -faéilities and with 'the éity' distriect mﬁst “be considelwﬁi. At this
time, the soﬂfhcrh land outside the breakwater should be reserved. for future
develépﬁént 'aftef' 2010. As the port hds very  narrow sea areas, the
reclamation__should e limited as much as p0351b19 In addition,~ the_
.mxw«wails:.of.:the' porf, dre not: re&:stant to earthquakes ahd"are
superannuated, especially berths 6 and 7. Thus, it is best to suspend the
utilization of theue berths. _ _ '

Under Lhese condltlona therc are flve p0351ble areas for conqtructzng
new berths, from A-to E as shown in Fig, VIT k-3,

As for each 81te, site A na&.good calmness but it.wouldfbe.necessary to
reconstruct the facilities (berths 1 - and 2) which were destroyed by the
earthguake, which would cost more. than buildiﬁg a .new quaywall, 'Site_B is
1oca§ed, at  the  side :éf the harbour, and the water dépth of the site is
shallow. : 5ite C is affected,_ more or less, by  waves such as reflected
waves, So. it -is .néceSsary .to. examine measures to break the waves: and

otherwise pfoteét the area. Site'D haS'no'diﬁtinct problemq Finally, site
E is exposed to- southwahL winds, which are the prevailing w;nds at the port,
and thus the calmness is not 80 good

Alternative plans are made Ublng Lhese 51tes considering Lhe scale of

facilitios required in 2010
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Alternative Plan A

In this plan, the jetty is etpanded by Declamatnon und the port

- facilities are concentrated arcund- thls Jetty for handllné general

cargoes and container cargoes. _The wharf at the bottom ‘of the
breakwater will have two functions - On the - one hand 1t is used as
a substitute facility durlng constructlon work& and on the-othel
hand it is used for handling dllty cargoes such as copper powder,

and dangerous cargoes because it is located away from the other

wharves. In ‘the Futupe CthICdl_CanO,lS forccast to take the

place of the lety cargoes, As to the handling of the dirty

Ca?goes it is necessary to consider c]ean handling e thods using

~appropriate handling machines.

As IGP the grain berth, it is- necessary to equ1p this berth w:Lh

modern facilities in pJaeo of  the presonL handllng meLhods, to

— 490~



(i1}

(1i1)

increase handling efficiehcyﬂ_ _
The waiting area for. fishing ships will be located near the

prosent dolphin berth for wheat, and the sea area will be proLected

by a. new emall breakwater built of gtone. The pier should

possibly be ddjusted for the fishing vessels. Then, the small

Tishing vemsels can be gathered in one area.
Alternative Plan B

In this plan, the multipurpose berth  is adjusted with a small
scalq_reclamation in front of the fish meal féctory using:the land
from in.front of the superannuated berths 6 and 7. The general
cargo wharves will be réconétructed on the same face line at the
southern. side of ‘the jetty. The other réquifed berths will be
prov1ded at the sites of Berth& No.1 and No.2 which collapsed from

the earthquake,  in line wlth the face" llne of Berth No 3.

. This .plan prOVLdes good access ‘because the bypnss road under

:constructlon w111 approach the southern part of the port where the

maln ‘port fa0111t1es will be concentrated. Besides, this plan
retalns areas for future port expan51on
Moreover under the plan 1t is. p0551ble that large vessels and

small vessels can nav1gate separdte;y.

- On the other hand the wharf yards do not have sufficient width,

In addltlon, it seems that the cost of Peconstruct1ng tnese berths
will he move expensive than the cost of’ constructlng new berths.

Because of Lhe concentratlon of quavwalls in this narrow sea area,

“ship meneuvers ‘will become difficult. There is also the problem

of Pélocatihg the factory.

Alternatiye-Plan C

In Lhis plan, Lhe new graln beth and general LanO wharf will be

_ located at the northern part of the port where the dolphin berth

for grain ‘has - been constracted. Other parts of the plan are

basically the same as alternative plan A.
This plan presents difficulties for ship maneuvering and the

harbor would be subject to waves which enter directly at the
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northern port area, Besides,; the quaywalls w%ll-be sltuated ip
three different arveas, This would present problems Tor port

management.
(iv) Alternative Plan D

Under this plan, the chemical wharf would be loéated at  the
exisﬁing berth No.l.. . ‘ . _

This would be'gOOd for the security of-thé port, becausd bgpul
No 1 is 1ocated away Trom the other wharves. Othe'r' 'I‘aci'lities. are
the same ds ‘under plan A excéept Por the berth- ]ocated at the tip

of the jetty where the calmmess is not so good. -
(3} Rough Evaluation of the "Alternative Plans
Based on the crlterla debCPled beiore, the three alternatlve plans are

evaluated as summarlzed_in_ Table VII-- 19. As  a vesult. of  this

comprehengive evaluation, Plans A and D are evaluated equwlly

Table VII-4~19 Evaluation of Altetnative.i’lans'

n : Evaluation ‘ .
Crit § -
riteron Plan A | Plan. 8 | Plan C | Plan D
Héneuverability 0O - A AN O
Convenience | Layout - ' © O A Q
Utilization of Facilities o O el o
Caimness | | Q. A ATl o
Safety” ' e ;
Emergency: Measures O O G N
Economy " Total Construction Cost . O O RRVAY ‘@‘”
§ Adaptablllty 9 e T B o) Be)
Flexibility . - G
Rooimn for Future Develr:)pment O © O <O
. o Tupact on Secial Enviroument. O ol A Q
Environment: ' T " i R ' ' o i
A Impact on Natural Environment O ) 93 O
Note: @ Excellent  (Qordinary A Sowe Problem e '
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HOW&Véb;”Plan:D:Cqsts'slightly less than the other plans and has more
uﬂmﬂ053 than Plah.B Thus Plan D is recommonded as the Master Plan, as
shown in Pig, VII-A- 8.

The ovelall constructkon costs 01 Lhe alternatlve p]ans fop the port of
San Antonio arc estlmatod as JﬂdlC&LQd in Table VII-4-20 on the same basis

for the:cost estimation as that adOpted to the port.of VYalparaiso.

TableVlI"(;—-ZO Constpuctlon COSL Of] Alter‘natlve
| : Plans at San Antonio

aremaive | o pasen
Plan‘A 4. - 90.8
Plaﬁ [} D e 29.8
Plan € R 22,6
Plan D 1 20.3

(billion = 1,000,000,000)
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vI1-5 Ase {smic ]'36}91;}]3
(1) Gieneral

A shown in. Chaptar IlI the ageismicity of'the'preSéht port facilities
5 rather 1ow. This is’ ‘clear from the’ deétruction caﬁsed'by the earthquake
multhe'ovaluation-of the aseismicitcy of the remaining port facilities. As
heth portq' aré lecated in areaa of Prcquenr earthquake activity, it 1is
necessary to conqldar aseism1c1ty as part of the restoration plan.

[doallv, of course, all the port facilities should be designed so that
they can wnthLand the cfiects of ‘the largest earthguake which is likely ﬁo
alfect the port areas. However, this would be prohlbltlvely expensive.
Mchermo1e,_1L Ls dlfflcult to 5Lato exactly the hlghest acceleratlon from
CHthuakL acL1v1Ly whlch w111 strlke ‘the ports. '

[\s'i it is not economlcal to design all of  the port structures to
wiﬂumahd-the strongest pfobdble earthquake, the best plan is to prepare a
fow aseismic . berths whlch have a higher selam1c1ty than the other port
QUAmLureo. This strategy balances' the absolute need for emergency
a(llltles 1n Lhe case of a xnagor earthquake with the need to ﬁinimize
overall'lnvebtmenti ' '

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

herths, as follows

{0 To ensure the smooth transportation of emergency port cargoes in the

peviod immediately after a major earthquake to sustain human life.

& To ensure the .essential econowic activities in the hinterland for a
longer period after a - major ‘earthquake until ~other damaged

facilities can be restored or replaced.

The (ormer ceriteria IePovs mainly to emergency food, clothing, housing
maberials and medical supnltes For the people who suiTer the adverse effects
of" the carlhquake. The latter concept is somewhat more subJectlve It is
basad upon an evaluation of which cargoes would be necessary 'to maintain the
general eqonomicfflow and the livelihood ;ﬁf the people in the hinterland

while damaged facilitices are being repaired.
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(2) Dstimation of the Required Number of Agaismic Berihs

Based on the two ways of Lh1nk1ng presented dbove, the required number

of aseismic berths is calculated below.
1) Required Number of Aseismic Befths to Handle EBmergency Port Cargoes -

_ The volume of emergency port cargoes which would have to be handled at
the ports following a maxo? earthquqke is estimhtcd in Chapter V- 3 " Using
the same calculation method used for Lhe MasLer Pilan (the-method con81dering
the [requency of" Shlp entry and the handling capacity), thé required number

of berths to handle this emergency port cargo- is calculated helow,. based on

five assumptions.
T The volume.of omergency cargos'handled in 2010 is 2;“50 téns per. day
{2) The average cargo handling=capacity per ship is 80 tons/hour-créw.
@ The number of hours thgt cargo 1is héndled_is 2# hogrs ber ﬁay.

@ Howrs necessary for purposes other than' cargo handling are 2 hours

per ship.
(G The average per ship unloading volume is assumed to be 1,000 tons

Based on these assumptions, the necessary number of -emergency berths in

2010 is determined as follows:

Number of calling ships = -22429 . 9 5 ships

- 1,000
Por shin . e 21,000 _
er ship average hours of mooring u-—lgam,+2,= 14 .5 hours

[}

Total number of mooring hours 2.5 ghips x 14.5 hours

o

36.25 ship-hours

Thus, the number of berth required as emergency berths is 2.
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-ﬂEQﬁibéd Numbeﬁ=of Aseismic Berths to FEnsure the Essential Economic
Aétivitics in the Hinterland until the Damaged Facilities coulb be
Repaired

£y is difficulﬁsto state‘cledrly which cargoes are most important, or
which cargoes would be erucial  to maigtain the'eCOnomic activity in the
hinterland of the ports. 1In Chﬁptér Xi1~2,3an éffbft ig made to determine
ihe volume of these cargoes, that is the ideal number of berths based on an
gconomic analysis. .The result of this analysis is that from an economic
siewpoint, Tive aseismic berths should be provided.

llowever, the cost to provide five aseismic berths is estimated to bhe
about 16 hillion pésos, and considefing the Cﬁilean national budget, this

cosl is too high.
3). Conclusion

"~ Based on the two basic Qays of thinkihg; the résults of a preliminary
analysis auggeat that ‘two berths would be necessary to handle the emergency
port cargoes and. flve berths would be necessary to ensure the essential
geonomic act1v1ty 1n the hlnterland in the event of a major earthquake. The
analysis- is based on the available data and a more detal1ed analy51s may be
necessary before making a final decision, '

Tt isg dlfflcult to state whlch of these concepts should be applied for
the long—term port pldn . .This decision would depend on governmpntdl
policy. Reaiistiéally; for the middle term, the decision will probably be
based on enginéeﬁing factors and national fiscal priorities,

From the engineering viewpoinl, based on the present layout of the
DGILS and ' the proposed port déveiopment, ‘it seems that a maximum of 2
aseismic beths at Lhe port of Valparaiso and 2 aseismic berths at the port
of San Antoniéd ‘could be effléiently constructed as part of the overall port
dpvclopmcnt..'These'berths would be.deSigned to withstand an earthquake with
a magnltude of 8§ baued on the analysis of the probable return period of
carthquakes presented in Chapter VILIL,

Considering engineering,'finance, the required handling volume and the
different ways ofééhinkjné.conéerhing the aseismic facilities, we recommend

that a total of Lhree as Jeismic berths e prov1ded as soon as posolble
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{3) Location of the Aséismic~Berths .

Tdeally, the aselsmlc berths should bo located as far away Ivom cach
other - as possihlé. They should, also. be IOCdLod away [rom placos whopv'
dangeTous Cargoes are handled, and a clear management system concerning the
use of the;e berths in an emergency. uhould be ‘worked out beforehand
Furthermore, ho berths should have good access Lo inland transport routes,
so that the emergency cargoes can bhe dlstrlbutod as smoothly é'possible,

Of course,’ the basic way of thinking concerning the ase;smic:borths-is
that if one of these berths is damaged by a sedsmic forcc bcyond the -design
level, the other berths.will probably Btlll be Funct1onal as Lhuy w1ll he
located some dlstance away - from eqch othur and lhu wxl] be SUDJGLL Lo
different seismic shocks. olmllarlv the dlfferent befths should also be
cdnnectéd with d;fferent transport ‘ neLworks Eso that  if some roads or
rajlways are sagnlflcantly damaged by an- earthquake, other‘ttan8p¢rtation
routes may still be open. o _ '

Ihus, clearly, all three of the aseismic berths should noL be located
at the same port. We Iecommenu Lhat two ‘ol the aseismic berths be located
at San Antonio and that the otheér aseismic berth be located at- lededE5L

based on the following reasoning.

@® The hlnterland of Valparaiso Port is more deve]opﬂd than the
hlntekland of San Antonio. In the event of an earthquake, the large
number of oldiﬁhﬂildings ‘located . nearby Valparaiso Port would
probably suffer sérious-damage, and the overland flow of cargoes via
the port access road network, especially the mountaip road to

Santiago, would probably be interrupted.

(@ The test of the vibration characteristics of the ground at the two
popts shows that the response valuc at Valparalso is hlghcrsthan at
San Abntonio. This means. thaL an Valparaiso Port area may bo more
easily affected by earthquakbs than the Laréea uround San Antonia
Port. However, there is a hjghcr possLbzllty of llqucfaclaon ‘at San

Antonio, and there is a fault located in the water area near the

port.
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of courbc, great care will have to. be taken to ecnsure that the aseismic
pacilities at both ports are conatructed carefully
As for the locations of the aseismic berths within cach. port, we note

the following criteria.’

O A safe waterway: it should be possible to enter and exit safely

.from the berthing area even afteg a major earthquake.
@ A éafe distance ffom Facilitiesnﬁhe?e dangerous.cargoes are haﬁdled;
@ Goog aécess to overland transport.
NO) Snfficient'yardé for handiing éaféoeﬁ.

@ As for the use of these berths  during normal times, no permanent
gpecialized cargo handiing équipment-should installed which would
interfere-ﬁith the ability of these berths to be used to handle
géneral-cafgo during an emergency.

Location felatlve to other non~aselsmlc berths the aseismic'berths

&

should not be too close to other berths which mlght collapse durlng

an earthquake.

@ The. berths should be located on the firmest possible foundation
ground layer tq_minimi;e the possibiiity of earthquake damage caused

by soft ground, liguefaction gnd seismic activity near faults.

In conclusion, we recommend that berth G-1 at Valparaiso (existing
berth No.8) and berths G-4 and G-5 at San Antonio {existing berths No.6 &
No.7} be prepared as aseismic berths as part of the overall restoration

nroject .
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VIi-6 Phase Plans
(1) Phase Plan of the. Port of Vaipaféisa

The Master:Plan'fdr the port of Valparvaiso with a target year of 2010
must naturélly be exécuted= gradually, in stages. When - planning  the
construction, attention. must be péid to Ehé -foliowing main points: 1y
availability of facilities to meét'changing“cérgo demand, 2) minimization_or
the disruptive effects of constrhétioh on daily port operatioéns, 3)
congideration of the’ aseismic berth and Il)‘an'even dluLPlbULlOﬂ of the
construction investment over the entire 'dévelopmenp. . The gvddua]

construction investment will continuously stimulate the regional econony .

As for the ablllty of the port facilities to meet_the-projcctéd cargo
demand, he main items are the container: ‘berths and. the general -cargo
berths. The phase plan for conSLFucLing the berths at the poft which, of

course, .is based on the Master Plan, is presentod as Table VII 6

First, a're§iew of the present situation. At present, agsuming that
the Léntainer'cafgb is handled at berths No. 5 and 5,'the contaiﬁer cargo
handling capacity of the port is 1,060 thousdnd tons. 'Then, aséumina that
the general cargo is handled at the remaining 6 functional berths, No.1- 3
and 6»8, the present cargo handling capacity of the port fop general cargo
is approximately'2,1ﬂ0 thousand tons. Thus, at present, there is an excess

handling capacity for general cargo.

Basically, the phase plan presented in the Ldb]e is de%1gned go that
‘the berths which will be awallable for use in every year of the plan have a
sufficient capacity to handle the estlmated cargo demand for hoLh container
cargo and general cargo. There will be some'éxbésé capacity.in_1990;f6ut in
- every other year of the plan the éapacity will bhe commensmraté with Lhe
projected cargo throughput, and the berth occupancy ratios Bﬁould be within

reasonable levels.
Bérth G-1, which is one of the first berths to be conﬁtpucted, is

_designed as an aseismic_berth} Thus, an asgeismic facility will be provided

at the earliest possible time.
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puthofmofeg as ‘now berths will be constructed step by step, the

investment wlll be well distributed'ﬁhroughout the development period.

Now, a_brief review of. .the construction plan for the berths. Table
ViT-6-2 sﬁmmariﬁes thé tiﬁe frame of the construction.plém for the bherths.
1hble'VIIv6~1-shows_the locations of the old and new berths as well as an
outline of the . projected' cargo demand relative to the cargo handling

capacity under the plan.

First, restoration works will begin at berth 9 at Baron Pier. This
berth will accommodate general cargo f{rom 1987 thrpugh 1992, “and the
restoration works - will - have Lo-be‘bompieted before cargo handling at the

berth begins to ensure safety.

In 1988, ﬁnnstruétiqn'woﬁks_On two new berths,_c-l will hegin. C-1
will be located neariberths Nd.l and 2,‘and sq.thesé berths will have to be
retired aldng with the fbeginnihg :of the constpuction work on the new
facility. Thus the capacity of the port for general cargo_will temporarily
be reduced to 1,430 thousand tons. The two new berths will be completed in’

1990,

In 1991, construction work on another new berth, C-2, will begin. As
¢.2 is located near existing berths No.3 and U, these berths will have to be

retired along with the beginning of the construction of C-2.

In 1993, C-~-2 will be COﬁpleﬁed as é new container berth. In that year
berth No.5 which is presently used for container cargo will begin to be used
For'géneval-;argo, and'the,containers cargoes will then all be handled at
Lhe COntaineP'héfths C-1 and C-2. TThe restored berth No.9 at Baron Pier

will then finally beé retired.

in 199“, constrgcpion_wovk will begin on G-2, andthér new general cargo
berth. - This construction will be completed in. 1996, and the handling

capacity for general cargoes will thereby increase along with the increasing

deinand .,

In 1995, construction work will begin on still another new general



cargo berth, G-3. This perth will'be_completed‘in the year_1998,'nnd will

replace berth No.bH whiCh wiilibe retired in that yecar.

Finally, constriction of the last two new general cargo berths G4 and
G-5, .will begln in the year 2000, . These berths: w1ll be completcd in 2003

and will replace berths 6 and 7 which will be retired at LhaL time,

In 2003, construction work will bégin on the last now container berth,

¢-3. This berth will be éompletéd'in:2005.

In conclusion, .as noted in Table VIT-6-1, -the'developmeﬁt p1an through
the year 2010 can be lelded into 3 phases. - In thu fqut phase, container
wharveb are canstructed to meet Lhe 1ncrea51ng contdlner cargo demand “and a
new general cargo berth is constructed as an aseismic fac111Ly. In the
second phase, general cargo wharves will be - bu1lt o’ newly peclaimed land to
meet the increasing volume of general cargo. In the third phase,-along with
the construction of another container berth, it bhecomes nece sary Lo
construct new general cargo. berths to'replace clder facilitiesrthCh will t
retired.

Fig. VIT-6-2 ~ !l show plans for the port at each phase.

~506-



o osrerediep o
.tomvﬁwo:aEu&mmE_mEuomﬁummmﬁﬂosbmﬂovS.wmﬁmemasmTo,mb .mmm

JBRA
6L0Z 5002 0002 _ 5861 0661 . v861
1 i T 1 . K 1
L LU 5000t
. o .\\ Axoedes Buypuey Jeureiuod " | -
) . , . i llill-:iuw‘lx\ .I.I.!\nln..‘.l-\... kb.\\\\.u.\
. awnjonobied @BUAD Ll e o e ! b it e 2 \n\ f Trioede Buipuse 0B s 16s0usD
e e e T T T L _ _ 777, :
o S __ - : - 000’z
y 770 _ : LILEL
- 000’
- oo0y
- ooo's
S
[

s
i<,
i
=3

507 -

- {suot pugsnoy) awnoA abieg



[Ta}

“
Yy

ol

1232q 0B1ED TRIBTDD

yaxsq I2WIPITOD
peatdbeal
su3IRq 0 IBaULY

b

-
1
&

£ o e o i e

—O - —=e=r0

O = =0

[0 L e P

|i|]1JIiO - |

C L34
1
o

Qs = —=0
. -0

e — e =

uAaaE ANATIEARG

Q
o
Q
2

\ lo%aes rEisus 1oy I3UTRIUOD A0F
wﬁ. - L eTON
O

J2WTRIUVOD I0T

1UoR

uzleq JUTISTRY

w0 | €0 | z0 |10 loooz|66 | 86 | 46 | 96 | <6 | w6 | 56 | 25 | 16 | 06 Tes | 88 | 861

35EUL T1 ~ 9seyd : T EEu4 S

osteyEd{Es O 3104 2Y3 1B UBTJ 2$TYL FO MOTL SWIL  T-9-IIA PTQEL

~508~




7661 ~ 8861 (osvyg 1si1d) ueld 5eUd  7-9-TIA Tid

1
H

i

TR

i

"annd 16

Lok =y

i
1

. "'-)\.

g #ERUY BermOne S

g S 13 B o

sErign 4 SUIINY



e

6661 ~ £661 (asEYg Puoag) Ul 9By  €-9-JIA By

Fiuch

i

.lQ

.

..x.i Eweg SOy m EE

e o [T

g g R mH“ll_ .

Teipnony Sy

won i
B i B 2 S

510



01907 < 0007 (3584 puyy) ved o8y +-9-1IA B1d

- e ot e e ey
. - e e . o ) : :
1
e
e R i
i
a |
L
. iy
a2l
' ™
=
IS
'

Ty
o

.
RIS

S
‘. \.Hv«\
. . L
=t ,
. . “
- s ‘

~511 -



(?) Phase Plan of the.Port of San Antonio

As for the port of San Antonlo, due to the extensive earthauake damagae,
there are not enough port idc1lltles to accommodate the cargo demand, There
are also highly superannuated berths bcln5 used at the port, and Lthese

perths will have to be regtored onr rbplaccd._

A general outline of “the tlme flow of the .phase plan is prcéenbed in
Table ViI-6-3, and a layout of the port shcwmng “the old and nev berths as
well as a figure show1ng the Pelatlve glowth of - the cargo domand and the

cargo handling capac1ty are shown "in Flgure VIi-6-5.

Early in the plan,.geherél cargo wharves will be conutructed Lo meet
the projected cargo volume, and these will be asclsmlc berths whlch cmliw
used in case of emergency. Later on, various berths will be conbtPU(iui

step by step to meet the growing demand for various types of cargoes

~ As the cargo capacity 1is currently not éuf?iciéﬁf to accommodate the
cargo demand, berth No. 10, Which_ is actually located at the port of
Valparaiéo, is considered as part of the port of San Antdnio - for this
planning prbcess, and thls berth will be used to handle some of gonerm
cargo demand until 1991. Some reéstoration works have to be periormed before
this berth can be used safely, and so berth No. 10 will be recstored along

with berth No.9 at Valparaiso Port as socon as possible.

As for the present handling capacity of the ﬁort assuming that three
‘berths are available for handling general cargo, thaL is berths No.5, 6 and
7, the present cargo handllng capacity for generdl cargo at the port is

1,280 thousand tons,

Now, we consider the construction plan éch by utop 'In 1987,
congtruction work will begin on berth G«I, Prior to Lhe rvcent earthaquake,
this berth was known as berth No. 3 It was a new hePrh under conaL;uuLlon,
and was almost completed at the tlme the earthqumkc occurtcd Thus, the
initial. construction works at this _berth4 will be relatively minor, and
5hould be completed w1th1n one year. ‘Phis berth fs‘cl&q${fied as a pénemﬂ

cargo berth, but it will actually be used to handled both general cargo ond
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chcmidaié._until the construction of a berth exclusively fTor handling

Chemical_cargﬂ'is completcd in 1998,

In 1988, 'édnstéuctioh'work_will-begin on berth G-3, a new aseismic
general - cargo berth. - As this berth will be located near berths 6 and 7,

these old berths will be retirced when the construct1on works begin.

In 1990 the conatruction of berth G-3 will be completed, and the
construction of the: other daeiSMlC berth G-l, will begin. Berth G-l will
be -completed in 1992, and w111'replace_berth No. 10 (at Valparaiso) which

wiltl be retired in that year.

Tn 1996, construction work will begin on the chemical berth, berth C-1.
The berth will bégin'opératiOns in 1998; From that year; all chemicals will
pe handled at c-1, and berth G- 1 ~which wag used to handled chemicals and
yeﬁeral cargo From 1988 through 1996 will " be retired,. Thereafter; a
completely new berth G-1- will be constructed at the site of the old G-1.
Thus, the'constructlon works_on the new G-1 will begin in 1998, and in the.

same year construction works will begin on another new berth, W-1.

Berths G-1 and W-1 will both be completed in- the year 2000. The new
G-1 will be used exclusively for geheral cargo. W-1, which is actﬁally
desighed to ~handle wheat; will also be used.as a general cargo 'berth until
2005. | | | | |

In 2001, construction will begin on a new multipurpose berth, M-1. M-1
is located beside the existing berth No.%, so berth No.4 will be retired

when the cohstruction of M-1 begins.

M-1 will be completed in 2003, and in that same year construction work
will begin on another new befth, G-2. As G-2 is located at the site of

berth No.%, ‘the old berth w1]] be retired when the construction of. the new
hereth beglns '

‘ Finally, in 200?; berth‘Gm2 will be completed.  Also in that ‘year berth
No.8, whjch is uscd to handle gra1n, will be retlred as it will ‘become too

<ﬂﬂ, and berth W-1 w111 ahlft fvom handling general cargo to handling grain.
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As w1th the facx]itles aL Valpapaiso, the facilitles at San Antonlo ave
designed so that there w111 always be a sufficioent cargo hand]ing LHDHCILy
. to accommodate the progectcd cargo demand. However, - as notud abova, bernl
No. 10 which is actually located at Valparalso is consjdeted ag parl of San
Antonio Port for planning purposes and will be qsed to handle part of the
general cargo over several years. - |

Generally, the constructlon plan can be divided iﬁto‘thvee phnseé. In
the first phase (1988-1992) " aseismic genéfal cargo berths will  be
.consfructed to meet the projected carge demand ﬁnd'to ﬁfovidcd nedcssapy
facilltles in case of an emergency. In the second phnqc {1993 1999) the
chemical wharf will be constructed along w1Lh addltlonal general cargo

handling facilities.
The multipurpose berth. and the grain berth will be'pfovidéd in the

third phase (2000- 3010}
Fig. VII-6-6 ~ 8 show plans for the port at each phase.
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VII-7 Analysis of Ship Size in the Future

Fov purposes of analyzing ship size In ghe future from the view of Lhe

cdntents of this plan, it is necessary to separate ship types into conbainer

and non-container ships.

1. MNon-Container Ships

According Lo the statlgths of Llovd 8 Reglster of thpplng, the average
gross tonnage (G/T) per ship of those other than OLl tankers dnd ore
bulk-carriers decreased from 2, 779 G/T in 1960 to 2, 161 G/ in 1970, There
were no marked fluctuations to 1983, whlch uhowed ? 196 G/T (Refer to Table
Vii-7-1). Statistics.on launchings and shlps under eonstruction show rhdt
cargo véssel, too, have seen no marked fluctuatlons ~remaining about. 6 500
G/T - 9,000 G/T and 9,000 G/T - 10,000 G/T, Le%Dectlvely (Reier to 1ab1en
VIiI-7-2, 3). ' o '

It is difficult to predict grends for individual shiptypes because these

statistics are not broken down in Such detall

The average dead weight tbnnage. (D/W) of ”féféign -trade liner ships,
excluding full coniainer ships, 1in Japan ha?e been also seen no mafked
fluctuations: from 11, 80u D/b in 1980 to 11,000 D/W in 1982 \Rcfez to Table
VIL-7-8).
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2. Contuiﬁep.ﬂhips
1) Prugress.af Céﬁtainerization
Thelhistory of contéineri?ation.is as follows:
(D [irst Generation (before 1966 )

o Tnception oF the sy&tem _

e Size of containers. noh vet declded

'vShips for carrying contalners generally converted from general
CATRO oths or oil tankcrs with the range of 500 to 800 TEU and_
w1th self—sustalnlng:gantry cranes on board.

¢ Use of existing vreakbulk cargo berths.
@ Second Generation (1966'~ 1970)

oThe. first. lift40n/1ift—off full: container ship pioneered the
serv1ce be*ween the us East' Coast and Europe. (1966.4, Sea-Land)

°lnternat10nal contalner age beglns _

» TS0 Standard on freight containers declded {(20', 40' container)

+ Now contalncrshlps with 700 to 1 500 TEU (w1thout cargo gear) are
built.

’ContaLner term1nala equipped with quay-side container cranés are

constructed
@ Third Generation (since 1971)

¢ Long-distance international container services -are inaugurated.
{Europe - Fér'ﬁast, Europé - US West Coast) _

;Containgfization beginﬁing to penetréte developing countries,
(Southeast Asia, the Middle Fast, South America)

nFendcncy to enlarge the size of containerships to the Panama Canal
Limit. (over 2000 TEU)

eAppearance in spec1fied Lrades of LASH and Seabee

e Introduckion of intermodal tran%port between oceans and interwater-

waya.



@ The latest generation

o High~cube coﬁtainers‘(é‘ or 9' “6' in helght) 1nlroduced
' ?Con%aiher sﬁacked 3 or U hlgh through the use of new]y dcve]opod

'tall stréddle carplers or .pubber-tired transfer cranes of wide
span . _ _ _ -

eHomqtlng speed and Lrolley Lraver%1ng gpeed of qﬁay«$ide container
cranes 1ncr§ased. '

eSemi-autométic terminal operation

¢ Land-bridge operations combining railway with seca transport
organized. '

e Round-the-~world services by U.5.L. and Evergreen.
2) Shipbuilding Trends

The trerd of newly completed full containerships‘frqm-1971 to:198h is
shown in Table VII-7-5. ' : .

New full .céntainerships in 1984 show  the 'highé$£ 'recbrd. in TEY,
exceedlng the old record in 1978. Regarding avérage=5hip size, a tendency
to enlarge is evident from 1 QSH TEU (26 400 D/W) in 1983 to 2 05“ TEU
{34, 665 D/W) in 1984

Y
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3) Container Services to and from South’ America

Until 1983, container services to and from Chile wore operated by ANDES
GROUP (FE/SAm),' CPU/EMP /EURAN  GRoUP (E/SAW), CSAV (USGEC/SAW) and - CCNJ
(USEC/SAW). o .

In 1984, a new gro&p. (the BURDSAL GROUP) begah the service belween
‘Europe and the South American West Cost’ with four new full containerships
featuring 1,888 - 2,181 TEU and 3#,000 - 38,000 DWY, as shown in Table

VII-7-6. These are all PANAMAX-size containérships.
i} The Panama Canal Limit

Container operators cxpect the next generation to revolve  around the

following three points.

First, the size of'cbntainerships will tend to be enlarged to a capacity
"~ of over 3,000 TE. The restrictions oﬁ ship size imposed by the Panama
Canal may be ignored by some container operators whose services do not

include that waterway.

Second, trunk line services by large capacity ships will involve a very

limited number of major ports,
~Third, the concept of round-the-world services will become a reality:

These three points are inconsistent with each other in ceriain areas,

but coverlap in othérs.

There is little chance that the containerships to and from the South

" American West Cost willIGXCeed'the_Panama Caﬁal'Limit; shown as follows:

PANAMA CANAL LIMIT

Ship Length (L) = 900
Wide - . . (W) = 106' .
Qraft' (D) = 40' (W=léss than 104")
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VII-8 Examinatibn é? Nﬁmber'of_ﬁébths_in Light of Seasonal lluctuations of

Fruit Harvest
(1) The monthly volume of cargoes in 2010

1} The hmﬁfhly volume of'frﬁit_cargoes in . 2010 is distributed with the
ratio of mdnthlv fluctuation at present. For other cargoes (méinly genera1
cargo) excludlng container cargoes, the monthly fluctuarimf of  volume ai
_'present_la almost nothing. Fherefore,'monthly Cargo’ handllng volume in 2010
is represented by_yearly:cargo handllng volume'd1v1ded ;nto twelve.  The

result is shown in Fig. VIT-8-1.

2) As shqwn.ih Fig. VII-8-1 cargo handling volumes in February,zﬂarch and

April are markedly large and are way above_appfoﬁriate berth occupancy, 655,
{?) Examination of number of berths

1) The 'ﬁﬁmbef of bérths for monthly cargo volume mentmoned. above is
determlned for a comparlson of construction costs and berth malntenance and
administration costs with ship _walt1ng_ COStS, in considering whether fo
apply peak cargo ~volume (for three months) or‘ avéragé cargo  volume

throughout the year.

2) The berth occupancy ratio for cargo volume in March is 93% for 9
verths, upsetting capacity control. )

As a countermeasure, the two following proposals might be considered:

= make an 1ncrease of 1 bulk cargo berth

e make use of 3 contalner berths for one month only.

3) Shlp waitlng time in these cases is shown Jn lab]e VIt-8-1. Acéording
_to the table ship waiting lea where thcvc ‘are 6 bulk cargo berths is #9.3
days, with contalner bepths 92.4 days, . and with 5 bulk cargo ‘perths 175.0
days. '

4) Ship waiting costs and construction costs in these cases are rhown in

Table VII-8-2. From this table, it is clear that the use of conLalno
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Carga Volume {000 tons)

300

Berth“.Occu.pancy BO%

2001~

Berth Occpancy 65%

F_r@i't Cargo -
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Other Cargoes
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Month )

Fig. VII-8-1 .C':irgo Vélume per Month at the Port of Vaipa_raiso (2010)

~531



berths is the most econcmical.

5) Care must be taken in operating the berths when shlpp‘ﬂg FPUiL cargoes

at the cantainer wharf Lo avoid limiting enLrnnLe and exit oF container

vegsels,

Table VII-8-1 Ship Waiting Time (Days)

Case-1 GCeneral Cargo Berths

Feb. |Mar. |Apr.
Cargo Volume ('000 tons) o "”'m““fﬁ Toia)
223 &99 213
5 [Borth Occwpancy (%) U el |
Borths | Total Waiting Time (days) T Teaizsal a9 17
k:§4J__m”};;ftggzi;;;pancy I jijw_ N jign_ 80 | 60
Berths h%étal Waltlng Time (daysiﬂ o ‘6-5 3%w%“—gﬁ5 49.3
S L T 126.1
Case-2 General Cargd Berths and Container Berths (March_only) _
Cargo Volume (000 téhS) ‘EfEi“ﬁég:‘&EEL'.Totai
e 223 1299 1213
5 G.C Berth Occupé;cyﬁi;xﬁni G.C. Bérths o 75 .1 80 -A?Z
Berths ~a;;talner é;;ths - 10 - N
3 Con- thal Waiting T;me (dayS) WQHEWNES?E?” '*“‘-22.{;5??5_££464i:ii:A
tainer Container Berths - 14.6; - g2,
| Berths B _ _ N i ]
6 Berth Occupancy (%) _ L 6;“L 80 60“,“nu“
Berths Totél Waiting _’E‘ime:_(days)= E6.5 31.51 5.3 HQ 3
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Table VII-8-2 Cost Comparison

Unit; million pesos

rwmam. - Ttem {Waiting Time Waiting.Cost Construction Cost
1 General Cargo “New Berth| 126.1 days | 1,050 2,000
Berth ' "Use of
' Baron pier 126.1 days | = 1,050 760
Cohtainer Berth 43,1 days 360 0
Notec! Cosﬁs'are ‘calculated by N.P.V. {Net Present Value) with a discount

ratio of 12%.
Construction costs do Jiot include maintenance and administration

cosls.
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