Ihus', thls sectmn mamiy focuses on problems 2), 4) and 5)

ol!ntg'l_‘n"_i_'e-aﬁljrée '.ag'a_i'xjet _Sand S‘e'di_m_entation

Cmmtern ASUTe: _agamst sand. secllment'ltmn conslst of the breakwate. extension, the
prnmary dredgmg and the mamtenance dredging as discussed in CHAPTER VI. The
b: eakwatex ldyout ancl the dredgmg pzogram are presented in that chapter.

Accmdmg o the dredgmg program periodic mamtenance dredging will have to be
carried out over a long perlod of tlme The detailed pumary and maintenance dredging '
plans are presented in CHAPTER IX

2 2 Facihtyl Improvement Plannmg : _ S :
e udv is, for the restoration of. port funchons by impr oving existing facilities. and
i'mp _ _ng an dpproprlate mamtenance pr ogram 'I he study seeks cost mimmwatxon and

4 22 : 1; Berth 'Auonﬁeni :Pll:anning_,ahd Proje_'ct Target Year

In thxs sectxon berth a]lotment and the pro;ect target year are studied based on the
estlmated _port cargo volume and the number” of - ship" calls. “The study assumes that
_Puntarenao pier 1s_already superarmuated and that grain imports shouid be moved to the
Port of Caldera R s - o

'(1) Requu‘e{i number of: be1 ths
_ )_ Cargo handlmg capamty _ , :
o In: order i,o determme the requlred scale of the fac1htxes for future cargo tl’dfflc, it is

"generai | c_argo equwalent

g



As for the cargo handlmg capamty, detaﬂs axe studxed m CHAPTER Vi H vevex 3
some of the data re]ated to the handlmg of. general cargo are assumed he‘re a% follows

Table VII 28 Factors for Cargo Handling Capae;ty ;

Year oo . 1984 (present)“" CEE 1998 (future). |

.Avelage loadmg unloadmg capaclty per 4 Y :-:.-20
ship - -~ (tons/hour) L T

Average available hodts S TR s
per. day . o IS __(ho,urs')_;;' S SRS

Working day per year . (days) ° L

o s - Puntarenas. - L -

Numbet e{ gongs per. shsp o S P R 2 2, cua ]

Cargo handling workmg EfflClellCY SRS SR “0.5. - e | e

Source 1) INCOP

Consequently, the port cargo handlmg capamty can be esttmated in. terms of total car go
volume converted into genu ai cargo as follows SR e SR

Present 20 tons/h gang >< 21 h >< 2 gangs >< 0 5 >< 350 days/y X 3 berth% |
= 441,000 tons/year : ' ,
Future .24 tons/h gang X 21 h X 2 gangs >< 0 >< 35(1 ddys/y % 3 berths

2} Cargo volume com'erted mto general cal go

The overall cargo volume is Converted into geheral cargo equwa]ent usmg the folim\'mg '
coefficients. ' :

Table \.fII._-.?.Q,'Cbefficie;_l_i;s':tq‘Cem}e‘rt_ _t@i’;ﬁehemi-C.al::go;._;.‘VQI.uhle Equlvaient TR

Prewnt | Fatare |0 Remae

General cargo ~ TR B

Containerized cargo * R I - R R Assummgafuture mcrease

Grain bulk cargo 0.5 ] 0ugsr T of cargo handhng capamty

Other butk cargo Poos o {05 e e

~ Accordingly, cargo volume converted into general cargo can'be

—ogp



Table VII .30° Cargo Volume Converted into '
T e Geneml Carge Volume Equwalent

L e (Umt lons)
loovear ] aem | e | 95
| Cargovolume | 375,551 | soz775 | 500,050

3) Port workmg effxcxency - _
Port workmg effimenty at the Port of Calde:a can be C‘ﬂuﬂdled by the followmg

equatlon '

Cal go volume converted 1nto general cargo
. (_Z__atg_o handlx_ng Ca_pamty

Poxt workmg efhmencyh

LT huél 't'he v'gllues of"port 'wol-king le-fficien_(;y are as follows : '

" Table"VII-31" Port Working Efficiency

. Year L . Wo_rki_ilg'Efficiency(%)

oagge .o 950
s | s

'I‘he dbove figures mean: that the pro;ected oago volume will dpproach the lumt of the
cargo handlmg capacxty of the port but that the-port will be able to’ accommodate the
'{orecaet throughput if the teatoratlon and mamtenanre measures pzoposed in this study are
unplemented : RN ' o

(2) Target year of the pr o;ect _ :

7 “This study is pnmrily a maintenance prolect whxch aims at the lesolutmn of current
_pt oblems so that the -Port. of Caldera can handle:as much cargo as possﬁ)le Once these
problems are resolved the capacxty and the cargo handlllng efﬁciency of the port will both
mcrease Clll rent problems at the Port of Caldera dre. eummarhsed in CI—IAP] ER V. The
most urgent matter is the_ estabhshment of countermeasures agamst sand Sedlmentatlon
i e :to _'he nature of the ongomg sedlmentatlon the earher the countermeasures are

fmance r':VIamtenance works wxll of course, follow after that
' In paral!el w1th the above{.' _entloned countermeasures the shox tage of herth size should

;constructlon ka ) However the constructlon can be completed by the target year 1992

o



accmdmg to the analysxs i CHAP T ER IX SRR . _
~ Furthermore, if the plan is nnplemented th _Poxt of Calde:a ‘will be dbl to handle '111 '
the projected port c*{rgoes in 1992 smoothly Evcn m the case ‘of a mamtemnce;pl oject such
as this one, the port should be able to cope’ w1th al] the, posszble po:t cargoes in Lhe target -
year. I‘hus, it is 1ppr oprrate to set the target year of tlus ptO]ect 'iS 1992 )

(3) Altematwe berth extensron

ly, the present berth length of 15(} m should be extended to the appropr;ate length consxder
ing the ship lengih of grain cameas and contamer ShlpS T here dle three altematwes to
e\tend the em:,tmg berth length of 150 m up to the necessary length (refer to Flg \?[I 17)

' AIternatwe A To extend the berth length of the _11 m quaywall to the west
Altematwe B: To construct a new pler in front of all three quaywailb __
Alternatlve C: Io deepen part of the emstmg ~7.5m bel th up to —10 m Sk

A detalled dppraxsa} of the three altematwes is show:r m'TabIe VI[ 32 Unfortunately '
Alternative C is not possible flom the engmeermg standpomt as uoted in CHAPTER X.
Alternat:ve B involves newly constructmg a pier.in front of all the exrstmg whalfs to, obtmn
a continuous, straight face lme However thxs Jdea IS vet y cost]y compared wrth_ '
AlternatweA L ' L s AL

On the other hand, Alternat:ve A mvo]ves extendmg the belth length of the ~17 m
quaywall and shifting the foot of the ex&stmg breakwater to the west. In this dlternatwe 1t
is also possible to, lmprove the exxsfmg moormg basm for small crafts 31mu1taneously wrth
the execution of the extension works (refer to Table ‘J!I 32) “This " would lead- to the
utitization of the existing —10 m berth up to its full capac1ty ihus Alternative A S
selected as the best alternative to secure the neces.,aly berth Iength of — 10 m quaywall _

(4) Berth allotment plarmmg FRTRLTS L R R o

The berth allotment for berths Nol and No 2 is stud:ed accordmg to the procedure
shown in Fig.VIl-18. ' SR TR ' R - ;
1) Berth a]lotment of the No 2 berth 7 S

t0 9.1 m. That is, shaps with a fuil—load draft up to 9 1 m wﬂl be abl
2 berth, .
Fig.Vii-19(1)  and Fig.vi-19 (2) show' the standard relatsom. between ship size ;(DWT)

and overall length (L) and ship 31ze (DWT) and full—]oad draft (d) of shlps lcss than thz
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'ye'n's old hsted m the Lloyd’s Regtster of thps, 1975. and the Re '
1976.. The dotted line indicates the estnnated vaiues of regressmn and th ) 'ull hn shows thej
values Whlch cover seventy flve percent of the shlps Accordmg to the gul es, the. ship size,
which correSponde to the full~load draft of 9 1 m Ib L) 000 DWT an zts' overall length is
162 m, - e e e i FE
The standard mooring- posﬁmn for vessels of the maxmmm-shl _Slide‘-IS-Sh()Wn m
FigVll-20(1) According. to; the flgure the reqmred totai be1 th length of the No 2 berth ‘Wwith |
a depth of w10 mis 185 m.. The ex1stmg- 'length is 150 m. 'Thus thexeqmred extension
berth length-is 35. m, whlch will be- secured- using? ‘a section. of the adjacent No:l -berth,
%ubsequently the 1emammg ex&etmg be;th iength of the No,l bet Y after deductmg the
length of the p01 tion of the berth whlch wﬂ] be used as patt lof ‘the 2:b_ei th,le_ _,.1,75 m.
2) Berth allotment of the No:1'berth e R
‘The exzstmg berth depth of the No, 1 be1 th is = - he_allowance
berth depth for this berth Then the maxmmm fuli Ioad"' draf - (d) - comes; to 10.0 m.
Accor ding to the relation between the fuilmload draft (d) and the overall length {L) shown
in Flg VH-19, the overa]l iength (L) comes to 177 nn that is: neany equal to 180 m, - The
standard mooring position for vessels of the maxxmum Shlp size is- shown in Fi ig.vil- 40(2)
Accm‘dmg fo the ftgure the necessary ‘berth !ength for th:s Nol berth w:th a. depth of
—11.0 mis 210 m. : : : AR
However, the foiiowmg factors Shmﬂd be fully consadered when extendmg the berth in.
 this alternative. S B L T T e T SR L . o
(a) The berth is adjacent to the foet of the breakwate: s R
(b) The berth is, ad;acent to the entrance channel, to the smal! crdft basm L
(<) Approprxate allowance space for sand sed1mentatmn should be conudexed S0
that the berth area W1H not ehoal , Gt e Tl i-- i S
(d). The largest berth at the port should acr;ommodate the Iarger vessels as much as
"Dossmle e ; h e
Conmdermg sedmentatmn arn- addztlonal allowance 1engt of- 15 m 18 p!?_ r ned he:e in
-extendmg the berth. Accordmgiy, the reqmred berth. length of the No., belth comee to
225 m. The rémaining emstmg berth iength of the No 3t berth which i is avaﬁable as’ part of
the —11 m berth is 175 m. ’1 hus the reqmred extenston berth iength for the Nol berth is
The necessary extensmn Iength shouicl be secured by constructmg a _dolphm and a

length mcludmg the 1mprovement of the moormg basm for small crdfts Wthh 15 studled 111 i
the followmg sectmn is shown in F:g Vﬂ 21 B g ST T L R

Based on the planmng presented avove, the berth allotment pzesented m F1g VII 21-_-__
should be approprlate for the Port of Caldera L : L e
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the port managemne _:body wants to mmnmze the number of quays in 01de1 to increase |
effzclency, that s to. min; w1ze mvestment B'zlancmg these confhctmg desires, namely,
determmmg the appropriate servu:e level is.an 1mp01 tant aspect of port planning.)

’I‘hle phenomenon o iships arnvmg and ieavmg a port can be - analyzed by queuning
theo:y, as in th:' "'_analyms of the s1tuatl 13_'at a bank where var 1ab1es include the number of
windows and the time each’ customel tak :-s at the ‘window. For a port, the variables include
e'the _arrival. of Shlpb the number o': berths and the ber thmg per;ods Gr eat efforts are being
exel te to. clarlfy the 'p tternﬂ of siup entnes and berthmg periods at’ portq As to the pattern

_oqu" art of the proposed mamtenance pro;ect 1s lmplemented (With Case—2). The details
of the amuiatlonﬁltests are presented in the next section. The results of the simulation tests
_are. useful for p'lrannmg and for economlc and fmanmal analyses.

s he flow of the smmlatlon model used in thlS study is shown in Fig.Vil-23.

) Ass strient of port workablhty :
1muiatmn cases _ -
l‘he mmulatlons ate conducted IOI‘ the foilowmg purposes -

) o o confnm the\hmxts of port avallabnhty w:th and thhout the implementation of
_ the proposed maintenance prolect
'ﬁb) To claufy the effectweness of the —-10 m quaywall extension

S_xmulatlonq are executed for the followmg five cases :

Wlth Case~1 FOI estlmated cargo volume with planned facﬂmes and equipment in

-2
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Flg VH—22 Erlung Dlstnhutzon '
‘With Case -2 : For estlmated mrgo volume thh planned facmhes and eqmpment

_ _ other than'the extensmn of the 10 m quaywali in 1992
Without Case —1 I For est;mated caxgo VOlume w:th e'rustmg fac:htles dnd e uipment in

. 1990 _ R . L :

-~ Without Case —2 : Por. est;mated cargo volume w:th ex1stmg facnlat:es and eqmpment m_

T ' _-1991 _ SR e SRR
Without Case —3 . For estamated cargo voiume thh exxstmg fd(:lhtles and eqmpment in

1992

In’ all the above cases ceztam shxps are desxgnated to moor on!y at he' | No 1 berth
| FSDEFJaH}' in With Lase—z 52 of 103 20 060~-30,000 DWT containet- shnps and’ one “of two
20, 000~30, 000 DWT grain carriers are aesng’aated to toor only at’ the No 3 bex th due to B

their length. Thus under the slmulatlons certam Iarge sh1ps connot moor at the same t1m°
as certain other large ships. ' T Lo

[43))] Premises for the szmulatton

| The simulation tests for the above caqes are carried out under the followmg assump
tlons : : F g '

r_a} Ships can enter and leave at any tlme i T e e
b) Service periods are estlmated by the type of cargo per sh;p Largo' ioadmg/unioadmg -
volume and planned cargo handlmg capacxty as presented in CHAPTER i,'m e
¢) ‘Many ships actually load and unload a vanety of cargoes.: However the cargo volume
by commodlty and by ship is not ¢lear in the avallable port St&tiSthS T hus for the _
| simulation test, a sxmphfaed assumptlon is adopted thd.t each qhxp ouly 1oads or unloads_f
a single commodity. : ' v o SE

d) Large ships can berth at No.l and No 2 berths as shown in Table ‘4]!——33 when they axe_: o
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acant : RN SRS : . .

e) Container ships, grain ca1 riers and passenger crmsers are given prionty in moormg at

c:elected berths. R T SR e . .

). Grain | is handled at the port. and the cargo handlmg 1s__1mpr0ved in accoxdance w:th the.
' study presented in CHAPTI*R Vlﬂ m both the Wlth En'd the Wlthout Cases

{c) Input data - e g : ;. : o
Table Vii-33 shows the mput data for the snnulqtlon by case and by berth

(&) Simulation test 1esults ) R S L .
The results of the slmulat!on are. shown in Table Vll 34 T‘lble Vl} 35, Ta el Vil 36 and

Fig. VII 24. - The output’ data of the sumulation tests mclude the ber th occup_ ncy fatio; the- :

ratio of the numbel of waltmg s‘nlps to shlp entry, the mtm Gf waatmg penod to moormg

- period and the waltmg penod per’ shxp Generaliy, the berth occupanm rati" should be unde[

about 0.7. Thus the ploposed ‘berth - a!lotment for 1992 13 acceptable_ o

The smmlatlon resu‘tS of Without Cdne-l m 1990 and Wlthout C'lse—z m 1991 show h:g‘n _

Table VH 33 Input D&ta for the Snuuiatlon ’I‘es‘t

o | Num_ber S o ’Vloormg Berth e
ShipSize. - | of . ' :
(000 DWT) | Bntered e SR B e i

- -  Ships |- Noi ';,_f"N_o.Z :Nb.S . ;:No,l'__ N‘O.'Zh_ il _Ne;3_'_'

o
2

Ship Group Wlth C‘ ase 1 o Wlthout Caqes e '

5~10 I AN R o Tt I 1.0
0-20 | 10
20~ 6

' Gener_al
Cargo
- Ships

O

ooocjoolool

"Automobiie.' S~ 19
Carriers 0~20 ) 2%

.@_ .. |

@®@Container T et S 5
Ships C20~30 | 103

~10
@ Grain Cargo _10"'#_20_ N
Ships 20~30

ool

10~20 3
2030 13
30— g

® Passenger
Cruisers

lsooi0000|oolooloos

|ooojooooloo

Fertilizer . ~10 ) 4 3 ._ ' O b O ;

Cargo ' S R S

 Ships |
TOTAL | =~ | a;@

Note @ : Ship groups given berthing priority - - B
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betth in ,Wrthout, Case' 1s'_ unreallstlc b cauc‘.e the port eongestron IS abnormally hlgh '
, ;udging fI oin the calculated berth occupancy ratio as shown m Fig.YH-24. Thus it is'safe to.
'compare Wlth Case 1 (1992) W1th Wlthout Case~ -9 (1991) in studymg the port development
-e{feets 'I‘hls w:ll result m a conservatlve estlmate of the posﬁwe results of the maintenance
pr o;ect In fact Af the pro]ect is not 1mplemented the port congestlon as measured by the
bet th occupancy ratlo at the berth No 1 wxll become extreme in 1992, :

| I'ﬁiprow'erﬁent .of' ;the smau_ Craft : Basin 5

The srnall craft basm at the corner of the breakwater and the —~11 m quaywall has
already shoaled due to Sand sedlmentation Thus the fac1hty currently cannot be fully used
ﬁIIowever,'Lfo '_—the future polt layout the present location is preferable because of the
-desuable caimness and overall protectron agamst rough sea condxttons o '

_ As part f the ove1all countermeasmes agamst sand’ sedrmentatlon the space between '
the: foot"of the breakwater and the quaywall will be kept clear of sedlment Accordmgly it

'wﬂl b efftc;ent to: mamtam the- small craft basin at the present location between the

ter 'and the ——11 m quaywall The water depth at the entrance to the small. craft

'basm 1l be_,_suffmlent because: the —11 in berth will be extended to the west. However,

'sufﬁcren clearance W;dth should be planned to ensure safe maneuvermg Concer ning this,

a wrdth 45 xh wrll be suffxment conmdermg the two existing tugboats (1 600 PS and

1, 7(}0 PS % aod the {thiree exrstmg launches

The fac111t1es related to ‘the basm should be 1mproved along thh the extensmn of the
o 11 m quaywail and the shlftmg of the extstmg breakwater In connection with this, the use
of the two ex1stmg tugboats should be fully conasdel ed Thus, a —3 m mooring facility is
. 'planned dS shown in Flg Vil- 25 This small craft basin will also be available as the basin for
f-euch workmg veseel.; as dredgers and launchee durmg the maintenance works of the port.

| “5-'-2'-.?2; ?3f'-;1mpravements-6f~th_e Turr_iing Basin

: To date there has been no problem in the 31ze and 1ayout of the turnmg basin. However,
: fme ad;ustments should be c:onsrdered as part of the layout planning along with the extension
g _Of the wharf and the shlftmg of the foot of the breakwater :
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Table V1134 Ship Waiting Situstion in Simulation Tests

 With Case—1(1992) - | Without Case—2 (99D | Wi

Ship Waiting. | | Ship Waiting f
R0 @) |pe | Rato0h

Ship | Waiting | Waiting | ShiP | Waiting | Waiting. | Stie. -
Ships | Period - | WAlling | spips | Period . |, " 2NDE | Shi
Petiod |y - Hig.. b

g | Ship.
1 Waiting
| P@é_i'io'd'

Type
- o [ thours)

Entered | Mooring (.h_ours). Eutered | Mooring _(!‘G‘%_F_S)_:'-
| Ships  |Period .~ {Ships " |Period "{

Ships - ] S R R

wtomobtle o0 1 gmng sz ) G4z | 6383 )7 940
Carriers : R AR (NIRRT SRR
- : : B T T
- Container . T ST REREEIVRTE IR PEITRTRIUNS RN REIt: Ny .

Ships 615 | 1352 | 268 | $30 | 1986 | 598 | ‘892 | 2138|803

Cargo. 558 | 428 | 154 | 727 | 1030 | 327 | 799 | 105

. Passenge.r . . D R AR B S R -
N S 64.4 128.3 “32.1 703712354 L0621 ) TR Y2708 1 TBEY
.. Cruisers : _ DI EE R [T SR RN A SR

Fertilizer : : . I e N R B AR
Cargo 22.2 92 | 321 | 244 202 | 150 3065 | 200 ) 176

Total 513 | 705 | 304|660 | 1460 |- 712} 730 11869 | 994

_"'*2‘375",“ )
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o Table VII3G l?é;-'-t,h'_'é#cup:iiic-)f.Rz.ttits :

o ' B_ert.’]'i'N 0.
ot Tz N3
e | o | oms | o
e T o0 | oeer 0251
Without Case-1: | 01990 | . 0.748 | 0.752 0.297
"W,ﬂ,ou(;agez coof 1991 ) 0.834 0.797 - 0.305

o Year -

- _“rjthéﬁf;c"a'sgé_;g._' o ez - 0.806 0.83 . | 0.310

Waiting Pe‘_ﬁ_'(‘)d ;:)ér'Sh_iEp' z(hbursj" :

e A . Lecenp

jgo 4 o . _ - .| Berth | With | Without
A . i : - R . No. Case-1 Cases .

140 2 Z n

Cmd

100 =~

. 30' ] .

60

. 40

e

20

RV A

Berth Occupancy Ratio

0,896 0.836

08345797 LEGEND

o omsuis

{0.708})

10.679)4 With Case-1

-| @305

H A

CBertNo) TR T @ @ @ @ @ @)
¥ Year T e - Y-} © 1992

Without Cases

BN\

{0.250)

0.310

L . i -Fig‘ '_vu_._zk;' ) Bérth’ Occii;_iancy Ratio and Waiting Periods




I‘he extension of the qudywall and the slnftmg of the breakwatei w:ll'not -advelsely :
-affect the basin ; in f'ict these works' wﬁl Widen the tm nmg basm However, them
_ portion of. the entrance should be Widened a]ong w:th the extension of the exnsting _bfeak
water to ensure safe maneuvermg, espemaliy durmg the future mamtemnce dzedgmg at the
entrance Lhannel proposed m C HAPTER Vl I‘he 1ec0mmended Shlp tummg method is
shown in Fig.VlI- 26 ' P : : R R

&

’ 4> .
<t Entr_a_ncae
" 1 Chanpnel
. :r 53'4Om E
4’ ’
j
+
. - s . SR
R ]F‘if 80,00
. - "
g ¥ | 500 4600
o % : b4 r ) i B
g %’_ & : B I /Gangwav =11 'm Cuaywall
g 3 ) SRR | = Eh i
u & <:’.. ™ Moormg Dolph:n B
L wE
] 4 Smat} Gra_fi Bas_m (—3.0 m)’ g g
3 {50 m x 96 m) g9
5= S I &
: Ny - ~3.0 m Quaywall.
g + ,. D :-110.00_1'11"'-"‘
> SR b okt e RO 3
= -
N—-—
i__!rﬁft:ih ’_ B

Fig. VH2S :;Ihc S_ma'lfl.Cr-a_i_'_ti Ba_sh: andltsEntrance S




: 224 : 'A’Hchorage Area f’laﬁ:}ing

(2) Required number ¢ |
The leqmred numbel of anchorage az eas off the poxt can be calcuhted by the followmg

equation

j;Z‘_':Shtp queumg penods (Umt days,
E _D_._-: Pmt workable days in a year (350 days are adopted)

Values i' ?Table VH 37 are substituted into the about equatxon Consequently, one
anchorage area is- reqmred for bhl[)'% less than 10,000 DWT and two anchorage areas are

. requued for s}ups 1arger than 10 000 DW F

~ ‘Table VI-31 Average Waiting Periods

iE Shlp Slze R-an:k ":Numbér' of . '. -_ Nuinﬁer 9{ Average Waiting
(DW r) | Entered Ships: | ' Queuing Ships | Periods per Ship
s I Tt R I T (days)

| ~v10 oo | e | s | 23

ERr 7 T S 248

(3) Slze of anchorage areas
'i'us of an’ anch(n age area is, generaliy, calculated by the followmg equation for

Where R The radlus of the anchorage area for smgle mooring
h The water depth of the anchorage area
L ‘Ship ler‘i”gth : R

—g41=
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‘14 m,. respectlvely Then the radu of anchorage 'neas for shlps less
: "nhose for ShlpS larger than larger than 10;000 DW’i come to 220 m

accommodate ali'the queumg shlps The }ayout of the pr oposed anchorage area is shownin - '
Plg Vll 27-'*-' e ' : ' '

f 5 ) Evacuat:on m emer;,ency e e :

' 'Ihe planned anchor'xge area is for use of ordmgary queuing shlps However the area
=Ls, not well :protected from rough seas - Thus, shrps shouid évacuate . from. the proposed
'anchol age are‘a to. other safe water areas such as’ the mne: areas of Nicoya Bay during

: adverse weather

(G) Adjustment w1th f;shmg actw;tles :
"lhere -8, currently, no avallabie data on f;shmg actlvrtres in the study area. The
: pr{)pose enchorage -area is studied wrthout any data on frshmg activities. Thus, it may be
'necessary to adjust the - area w:th the flshmg actxvrty when the detailed data become

-ava:labie

L 2_.-._2;:5 Po_i'i: nayoﬁt-mamgk o

In thxe sectlon, the c:omprehenszve port layout is studled bdsed on the 1esuits of the
' respectwe reiated facrhty studles Based on the comprehenqave port layout, the calmness in
the: haxbour and the harmouy wrth possrb]e fuuue development after the present project is
-'Lompleted,are consrdered ' IR : : :

Facﬂlt Improvement Summary e e

he port acihty 1mprovement proposed m CHAPTERS VI and VIt can be summarized as
; in 'Table Vil-38. - The port: layout plannmg is studied based on the existing port
j'facnlltles and the facxhties llsted in the table :

-
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ViI 38 Port Faeihty Improvemeut Summary Cancermng Port Layout

' Imp:ovement Work%

REe ,200!1’1 j‘_,reakwate: extens;on
72‘ 0m® Drlmary' dredgmg of the turning basin -

.redkwater '

- .. The length ‘of the shiftéd breakwater Sectmn is 162m
@) 'ﬁlmprovement ‘of the ex1stmg ‘small. craft basin

o The length of the = 3.0m quaywall is 110m;

e (@) P he .construction of- the ‘mooring dolphin ancl the 45m long
- '._j_;_-gangw.dy adjacent to the ex1stmg quaywall

_f(';}'l.-,ismftmg of the existing
ormg capacnty :

..Z'()) Porl layout: ‘plarmmg) L LR
lhe px ereqmsltes for port layout plannmg are’ as follows L :
1y The ld but of the bl eakwater to px event sand drlft should be ful]y 1ebpected in the

prOposed m CHAPTER Vi for the protectlon of the
I‘he foot of the ex1stmg l:neakwater will

’Ihird the termmal Iand use wxl] not have to change greatly from the current usage.
_Detailed termmal land use allocatlon mcludmg storage facrhtles is studied in CHAPTER Vi
* Incorporatmg the conclusxons of thls chapte1 and the results of the analysis of counter-
-measures agamst c3and sedlmentatlon m CHAPTER Vi, the future port layout in the talget
year 13 proposed as shown in Flg ‘.fll 28

95—



® Ascel tarmnent of the calmnese m '.th' fhal bou '

Concerning . mgmﬁcant wave per rode, 12 second and 18-’sec0nds_ are adopted because the.
former is the median value 'mcl the latter is nearly the m xunurn Vaiue m the dtstrlbutlon of -
the s;gmflcant wave: perlods obsewed offshore the port_ m the past (lefEi_ oi-Table lV 4).
The calculated drffractlon chart is shown in F:g V]I 29 T he calculatecl occurrence
probablhty of 31gmf1cant wave helghts and periocls of mc1dent waves is shown in Flg Vii- 30
The study locations for the occurrence probablhty study ate as followe LR RO
(a) Front of the Ro/ Ro pter : S
(b) Center of the ~7.5 m quaywall
{(c} Center of the —10 m’ quaywall
(d) Center of the ~11 m. quaywall
“(e) Front of the small craft. basin
(f) Ahead of the extended breakwater oo L .
The results show that under the proposed plan the harbom wxll be pr‘ Iy protected
For instance, the occurrence. probabalrty of wave heights lese than 0.3 ' is. about QQ/
Conscquently, the Port of Caldera seems to be avallable almost all through the year Det'u]s_
are dlscussed in the APPENDIX 8 T ' Ul e T

(4} Harmony wrth the future development after tbe malntenance pro;ect is- completecl _
~ - Port traff:c will. steadily mcrease m ‘the future after. the p1 ecent Malntenance Project lSj.
completed. To cope w1th the future demand 1t w1lI become neceeeary to develop the port-
further along w;th the economtc development Furthermor ;__the port w11 g at]y promote:
national and regional economic development if related mdustnes locate wtthm ot neal,u,the"_.
port. T hus, there is a great possmﬂrty to construct such dellli'lES as contamer termmals and
to locate such industries as processmg mdustrles and. commodlty dlstrabnt:on centers at the
north of the existing’ wharfs in the future e N o Rt e

Considering the above, it is recommendable to. extend the breal‘:water Y parallel w:th
the dlrectlon of the shoreline of North Caldera beach after the present Malntenance PrOJect
is completed. The extended breakwater. could then protect. the future developed harbour
area without any. interference. - o een e e D g

Consequently, we can say that the proposed layout plan w:ll not dlsturb the future
deveiopment of the port. : : R .
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incidant Weve Dlvection

| Wave direction” |-

“Wave period i_' ; 135

" Fig VII-29 (1) Wave Diffraction Coefficient Distribuiion

“Incident Wave. Dirgction

FR LR Lo
e A LTI

|Waved;rectlon : N 225°

LWava penod 3 N 125

1000m ’

5 F;g VH-29 (2) Wave anfractxon Coefﬁcnent Dnstnbutlon
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(d) {o). (a!/ N

R Study"Loeationﬁ'

e

I/

0 ,/// / En B
80 / : /

50 rf

40 [

30 -/

e
R E

10

05 10 Cim
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Note: The study locanons for the occurrence pmbabaluy studv are as fo!lom:" :
{a) ‘Front of the' Ro/Ro pier: :
{b} Center of the —7.5 m quaywall
{c} Center of the -0 quaywall -
{d} Center of the ~11 r queywall
{e) Front of the small craft basin
{1} Ahead of the exténdﬁd breakwater .

Flg VIE30 Future Wave Height Occurrence Probabihty
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CHAPTER Vil IMPROVEMENT PLAN FOR PORT OPERATIONS

I Geieral

381 v 1en_ hree berths were completed under
ost of the cargo which used to be handled
"of Caidera except for nnporteu break bulk

ment. plan are’ shown m Table VHI~—1 The bezthmg condtlons of the No 1 Berth and the '
No. 2. Berth are shown in: Fig VIH“' SR R o :

~Thus,: under this mamtenance pm]ect the three ex1stmg berths and’ the handlmg yards’
lol,ated behmd these berths wxll funchon a§ a muitlpurpose tenmnal which will be able to
’u:comodate a Wlde varlety of: cargoes mcludmg general cargo steel” goods, automobiles,
contamers and break bﬁlk gram For the multxpurpose use of ‘the termmal to function-
eff:(:lently, systematic management and: a wel} coordmated operatxon system wa]l be neces-
'&ary as- outlmed in this study

’I‘abie VIII 1 Berth Dimensmn

Present COndlthHS L Improvement Plan
Belth Depth B_e‘l_'th:_ Le_n_gt_h Berth Depth  Berth Length
_nm A e2om r:.'.-#llm S 210m
S0 b 280 | =10 ) 18
—?5 -';:..-_._,130_ o s 130
' A0 L s




t-*-50m"”‘°"::“'" o ;2‘0?111:mi£" ;
/§< L=180m ):\ 1 L S
Sy /////////4/ ///////w

]
. .
215 1225 _ No 1Berth ; No ZBergh

/~-

[]
]
151 136

Fie VL Beth Extnsiontan

2. Actual Port Cargo-Ooerétioné’-a_h’d;?fébiéms;;; AT

Generaily port cargo opemtlons consmt of the foilowmg t}u ee opexatlons -
(a) Stevedoring IR L T T L

. {b) Shoreside cargo operat:ons (overland tranSpotatlon of Lalgo wsthm the port)
{c). Moving cargo in and out of warehousea, sheds and open yatds T S P

Barges are sometimes used between operatlons (a) and (b) : L

The three operations noted: above. are closely related, and problems in any one of: 'the%
operatlons will. affect the other operations ’I’hus ai! of the rargo handimg operatlons must
be carefully coordmated & S

2.1 Stevedoring _

Stevedoring involves unloadmg cafgo from afrwmg vessels and Ioadmg cargo (WhICh
should be prepared beforehand) onto vessels safely and’ eff:c:ently EfflClent stevedm ing
involves a great deal of pIannmg and the tlmely flow of accurate mformatlon Esgecmllyr

in the case of moltxpurpose vessel‘; whlch carry dxfferent kmds of cargoes at the ame tnne, i
the planners must contact Shlppmg companies or’ ‘their agents before the vessels amve IE 15
necessary to prepare a detailed cargo operat:on pIan for eash Vessel before the Vessel _
arrives, : - ERIREERE P ST

2.1.1 Actual Condifions and'Problémo

Table yjl—2 shows, the percentage of actual workmg hours to the hours gangs pent on
board vessels in 1984 at the Port of Caldera. S bt o
According to Table -2, on the average about 407 of the totai workmg | ours a:e'-'- :
being wasted. Therefore, reducmg this. wasted t1me s a key pomt in nnprovmg pOft':".
operations, Normally, in ] apanese ports c>uch idle. hours accaunt for less than 209’ of the .
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o e bt

'l‘ahle VIH 2 Actual Hours (,6)

e (Actu'll Wo:kmg Hours/ Hours Gangs
on bmrd) XIOD '

3 _]anm:y B 39 5
o ﬁFebluary T O A
March - P - 10 1

‘ ,--:'Aprsl ST R KR _'56.9_"
June R Y U R
.:'."-_-]uiy P S : . 6'_7.8
';:August .1[. e 89

o .‘,.ﬁ:"S_epteian{t - o | - 543,

November 638
A B "‘December R P 65.3
S| Average | 503

Prope_ piam‘ung w;lI help to reduce thrs 1dle timie. (:enm ally the followmg jobs must be
executed bj he stevedo:e planner T : : :
SERR I _Coi eétmg data ' ', T _
2) '-:-jhsumatmn of maxmmm cargo workmg hours o
: 3) ; Ar rangement of pxlots and tugboats
4) '_":Arrangement of stevedore workers (gangs)
5) jArrangement of cargo hand!mg equzpment
6) ";Arrangement of ¢heckers (tally men)
)] .'?':Dlslnbutlo "'r_of mformatlon =
8) :Sharmg the cargo opero\tlon plan with- concemed sections
' : ome of the wasted tlme during cargo handhng operations at Caldera Port
is due’ to mpropef planmng or to poor execution of the plans. - If comprehensive plans for
each ves,sel ar drawn upin advance and carried out as outlined above, the efficiency of the
stevedor" g 'tmns wﬂl certalnly imMprove. - As the steVedm ing 'is presently a bottleneck
‘in the ¢ cargo ndllmg operatlons, the increase of the wor king efficiency of stevedoring will
bring’ about an mcrease in ‘the over all car ‘g0 handhng efﬁmency, and will effectively expand
the cargo handimg capacxty of the port '

2 2_ Shoresnde Carge Operatxons T

I 'frt_ of Caidera, no barge operatlons are plamled "Thus, -all cargoes will be
y'_..frmn vessels onto the apron and then camed to storage facilities. The
ign__:o_f__:_the.shoresade_ cargo operations at the Port of Caldera is as follows :

wiloaded di
Present situ;

—253~ .



{1) General cargo . o BT

“The tractor driver drives from the slupsrde apron to the desrgncxted ‘Warehou
palletized gene:al CAargo on the ttallers Each ‘tractor tows 4~5-tr a:iers as one tlam
with a total of 6 tractors and 24 tt‘axlers Ca: qoes are sometrmes transfeied duectly ,
from the apron to the warehouse usmg 2'\*6 ton forkllfts : TR

(2) Stee] goods . - B i , . o

Steel goods are r ansfered duectly from sh1ps1de apron to e, N'o 3 open yard by'
forklift. When ships ber th at No.l belth trud\s or trallers ale used for transnt Steel
plpes are tranfered by 40’ contame: traniers :

(3) Contamers . AT S :

- 20°/40° contamer flat bed traﬂms {4 umts) and tractors (2 umts) shuttle between
the apron and open yards No.1 and No. 2. A 30 ton contamei fr"t tloader is used to hft -
the containers on and off the trallers . ; SRR :

(4) Automoblles S . :
Automoblles are driven one by one from the apron to open yard No 4 When the
automobrle engines do not wolh the cars are towed by a tractor

- Overall, there does not seen to be any problem wath the shore81de cargo operdtlons '
However, the increase of- the cargo hand}mg volume and the stevedormg' workmg
eff:crency will result in a lack of cargo handlmg machmery and drwers for shoresrde'_
cargo hand!mg operatrons in the target yegr 1992 LT T T

2.3 Movement of Cargo in and out of ..Warehouses'r_:ind _-{)'pen'.Yafi'_ds-'.

2. 3.1 _ General

"This operation consists of three types-.of cargo movement as described below

(1) Movmg cargo into storage areas S T el
- This involves moving cargo to demgnated places w:thm the storage yards after
unloading the cargo from trucks or raliway cars in front of the storage area o

(2) Sh:ftmg cargo wrthm the storage area’ shee e R
This mvolves shifting the cargo around w1thm the. storage area to make space for

additional incoming cargo or to otherwise facnlitate the smooth ﬂow of ¢ cargo mto and

out of the storage area. I Rt S b R e

(3)  Cargo out operatlon L S R P el
This ‘operation involves movmg cargo out of the "storage drea basedf on ‘the
delivery orders of consignees or export cargo shlppmg orders The cargo 1s loaded _
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onté’trucks or railway cars. .

2,32 Actual Conditions and iz'n;r‘;smemi}; L

It. s.eem , hat ﬂt Present there ale no problems wnth tlna operation, and né problems are -
expected in the: target year L . _

2'-,4' '.:'O'_ré_é_.'iz}c tion i Nﬁl}lbﬁr otWorkersfor Cargo Handling'(};ser;itiéns‘f_ N

f he present cargo handimg organuatmn and number of workers are shown in Fi lg ‘ililw
Ag shown in this: flgme, 240 persons are’ worklng in the Ioadmg and unloading section. The
number of workers per gang at the Port of Caldexa is almost the same as in }apan as shown
n 'lable 'H]I——3 except for the water m’m who 13 reqmrad due to the tropical. climate at
Calderd ' ' = : :

 Table -VIII-.;} Sté\‘:edoi‘e" gang 'me_n'\be'rs":

- Ordmary Japane‘se . Present Gang at

: ) Po.mtxon-- R Gang : 7 . Cgldera Port

'Hatch Bosses'

- ‘.?':Slgunalmen o

o ',-'Wmchmen L
"_'I—loh:l Workers e
1 On Pier Workels i L
':':Watermen R I

W e B e
e ol DN e e

_ SubTotal o IR - 13
) "_ﬁ"Forkhft Dnver FRE D IR SRR | S

=286~



" PORT OPERATION DIV. |
" DIRECTOR 1

]

Marine Dept.
Chief i
Secratary 1

Container Dopt.

‘Sgeretary” 1

Chiof - - ¢

Cargo Handllrg Dapt S e

Chief R

Pilot Section )
Pilots 3

Boat Section '
Tugboat . 2units
Launches

3units

Ling Handling
Section
Workers 36

. Capt.
Tugbosat Eng,
_Cre_w

Capt.
Launch

| Crew

Fig. VIII-2 Present OrganiiatiOnal Chart of the Poi;t_:qf CaIdera |
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. Gate foice
Clarks 3

| Handling .
| .{  Inventory
Clerks 2

Open Yard )
- Ship Super\nsors :
S2

Vanning

Workers i0

| ] _DevanmngSectlon-'- S b
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3, CargoHandlmgImprovement Plan

| 3 1 Cargeﬂandlm Improvement l’l_en"_by Main 'C_arg;o' Commodity

operatlon effic1ency for gene:al cargo is.as follows

'1-.'5"ﬁ'1e;tn _e_ifiis/'sli'hg'-x"z()" SIinés/hX(i;siza fh'etric tons/h

T h1s.: ‘_ual to a 209/ Speed up of the present Caldera Port average general Cargo
'werkmg effl\_, ency of 20° metrlc tons/h, | If the current idle time ratio at Caldera which is
40/) of workmg hours could" be reduced INCOP LOUld achieve. this 24 metric tons/h effi-
c1ency Ihen the handimg tonnage per ddy per gang should be as fo]lows '

24 _ nietric;tenS/ (h ,‘_: g_anfg“.-" Sh_ift) X? h/d'aYXS shifts:504 metric to'ns/ {(gang - day)

Lately, on some shlppmg lanes (Persmu Gulf }apan U‘BA) a new roll on/roll off type
vessel i is begmnmg to. be used, but at present oniy a few of these vessels are in operation. In
the futurc, it'is possnble that thls new kind of vessel will call at the Port of Caldera. But as
this kmd of cargo vessel has a hlgher cargo hand]mg capability than ordmary lift on/off type
mrgo veesels IN C()P w111 not have to worty. about mcreased ship congestxon duetoa change
in the type of calhng vessels in- t‘ne future : : ' '

f bteeleoods g

(1)'- General‘= : S
Ordmary steel goods are handled as fo]lows

_"'(a) Steel vheet w1th SkldS : e
i ' Usually, steel sheet i is enveloped by thm steel plate and bundied wnth skids so
o ;.'f:that it can: be moved by forkhfts T he most popular welght is about two metrlc tons
De ' bundle package SRR : ST
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(b) Steel sheet 11100113 CE LI e e
Steel sheet is sometimes’ rolled mto cmls w1th bands at ound them The cm]s
gene1 ally welgh from 5~1{) metrlc tons : RETTETORN SR R

{(c) Steel pipe _ : : . R RGN
: Large size dlameter plpe is: sh:pped i pneces and small s:ze dlameter p:pe is
hundh,d using steel- bands Eac.h bundie welghs about one mett ic. ton il

d Steelbars EE e e e
Steei bdl‘S are handled wrapped by steel bands w1th on ‘metrlc ton per bundle .

T (2) CUI rent.cargo: handlmg efflclency and 1mprovement p}an Sl _
During 1oadmg and dischar ging,. 35 bundlea are llfted on or off in one sl g.-—-:The -
current cargo. handlmg efflczency for handlmg steel goods 18 about 40 mett_‘lc pei‘
hour. However, it shouid become poss;ble to 1mprove thlS efflcsency to: 48 metric tons
per hour by 1educmg the idle time. Thu&, the future cargo handlmg capacntv per gang
per day is eatlmated as follows : o :

48 metric tons/ (h gang Shift) ><7 h/dayx3 ‘ShlftS '
”1 008 metrlc tons/(gang day) } e

A 3.5 ton forkhft inside the vessel s hold and 5~10 ton foikhfts on: the pler wﬂi :
_be used to handle steel goods B IR L0 SE S SRR R

.13 Aatomobiies- -

(1) Lift on/Llft off type cargo operatlons R SR B
Automobiles transpoxted by convent:onal cargo vessels w:th mlxed stowage along '
with general cargo in the holds : are often’ handled usmg a f;pecml car qlmg In this' case
‘the vessels generally catry 1020 cars- along ‘mth the general cargo {1 hé ears axe
. handled naked using the. specxal sling, and it IS 1mportant to handl the carb ve:y |
carefully so that they are not dented or scratched T e
The actual cargo handlmg effxcxency seems to be’ 10 _ 12 metrlc tons per hour
. The average handlmg eff:mency for this. type of operatlon xs generally about 25 ';Imgs
per hour. The usual car welght is about one. t()n per car, and therefore the cargo -
handlmg efficiency in the target yeal should be as fo]lows e A e

25 sling/ (h gang O Shlft) xl metrlc ton/slmg (.8
' —20 metric tons/ (h gang . sh:ft) I

Larger vehlcies such as trucks and buses are more diffxcult toha 1€-ac o
handling efficiency is somewhat uncer tain, but it seems to'be. around 157 _ﬂS/h 'The L
average effncaency is about 4 shngs per hour T he welght of each umt varles from

5~10 metric tons, Therefore, the overail cargo hand]mg eff1c1ency in the Itd' at _year
should be as fofi_ows_ : _ ek

gsge



:"Fmgs/ (h gang . shlft) X7 metr:c tons/slmg\((} 8 e
metuc tons/ (h gang Shlft) - '

9 ystem automobxle uaigo handhug i : o
The Japanese cars Wthh are: 1mported mto the Pmt of Caldera are sometlmes
‘-carrxed by roll on/mli off excluswe c'ir catriers. ‘The cargo h'mdimg efficiency of
Ro/Ro car carrlers is 70~100 metrac tons/h Thls effu:lency is qu1te lugh but this
kmd of operatlon requnes 30~50 drwers at one tnne :

. 7(3) Impa ovemenl plan for the automobﬂe cargo handimg
_ The pro_;ected cargo handlmg eff1c1ency for automoblles in the target year can be :
- gummarlmd as: shown m Fable VIEI——4 '

argﬂ‘Hamﬂmg Effmlenc) for Automobﬂes

. Actua} Hand}mg Bfﬁmency Handlmg Efflcmncy m The Target Year

1 -12_§netr1c_gqns_{ (he g_ar_;g-._shlft):_;-r_v ) mietric tons/ (b* g_ang=sh_1ft)

3. 1""4' ':(‘br'it'ahié}s 'f'ﬁ'

: ‘l he contamer handlmg volume m 1985 at the Port of Caldera is about 3, 80{) TEU This
is] le&s than the handlmg Volume m 1984 (4 084 TEU) largely because ‘the full coutamer lmel '
serv1ce whlch caile at the pmt untll December 1984 dlscontmued its Servu:e At present, all
] 'ntlonal cargo \ressels [‘he avex age number of

contamers handled per’ vessel IS generally about 1.)~20 “units:

As facnhtﬁes for contamer operatlons. there are the No.1 berth (water depth 11 m,
length 210 m) and next to it the No 1 (13 600 mz) and No. 2 (13 600. mz) opet yards. The No.
g rot__yet paved and 15 presently used only for stor mg empty contamers Itis

_tt 1s not 50 ‘_____1fﬂci'ﬁt to mamtam a handhng eff;cxency of 12 contamers per hour ’lhe
estimate max:mum contamer handlmg efflciency per gang per day in the target year is as
fo!lows : . N , o

- :._'12":':é§r_it:{iner's/f-(hé garig'; shlft)x‘? h/dayxs shifts=252 containers/(day - gang)
- For oneé: year'the capaczty is as fo}lows
252 contamers/ (day gang) ><365 days/year 90 000 contamers/ (year , gang)
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Nmmally, contamers are handled by one gang Thexefore, lhlS ns the theoreucal
maximum container handling capacnty at the Port of Caldera from the wewpomt of btevedor |
ing. On the other hand, consadermg open yard bp'u:e, the maximum contamex storage volume
per year will become less than 90,000 tons sl o CORHE

3.2 Szimmary of 'Corgo"Handling,_Efﬁciéncy

The cargo h'mdlmg efﬁcxenoy by cargo. commodxty at present and m thc target year cwn_
he summarized as shown in Table Vii—5. ' ' '

Table vm 5 Cargo Handlmg Eff‘ enc T

Cargo Hand!mg Efflclency
' (per h per gang per shlft} 5

‘Kind _'_o_f Cargo

1985

General Cargo

. '_ :2_1) metri¢ tons : -.

 2metric tons 1T

 Steet Goods, -

" a0 'metric tons |

metric tons |

12 metric tons

7TEU. .

.~ Autofobiles - 20'metric tons

12TEU |

- Containers

3.3 Necéséary Number _of _sievgdﬁré:w@rkérsﬂ

The necessary numbers of sfevedore workers per shlft is shown in Table YN* o
As shown in this table there are presently some excess stevedore workers Y

Table VIII-6 Necessary fmaher of Stévécio}'o ,is%afiéee*’s o

Present No 0 f ﬂeoessary Na; of S evedore Workera

Stevedore Workers +in"1992: D]ffe:ence I8
(men) - (men/(gang shzft)}X(gangs}x(shlfts} (men) (men) .

Type of Workers

_——

© Hatch Bosses | 16

1x5X3= 157

Winchmen Y .

Workers 146 - gx 5)(3__»1 % L

Watermen .| | 18 1X5><3=15 : o o

Total - 228 L MBI
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The ar mg of b1 eak bulk giam cqrgo is cons1dered separ. ately in thlS sectmn because’
gram car go operahons w111 have a great, 1mpact on the overall. ope1 ations of the multipur-
pose | termmal k: nd the handhng of gram is a new proleet for the Port of (,aldera which will

metrlc tons -'-Under the present system 1t takes 20 days to discharge 20 {)0{} tons of wheat_-
which is uneconomxcal Demurrage and other costs bome by shipping companies m"rease
the reat handhng cost per ton_ R T :

4 2 Gram Cargo Handlmg System Plannmg

4 2 1 Geueral

If the-’new 'handlmg -"system at Caldera were as’ meffu:lent as the ¢urrent system at
Puntarena th handlmg of Wbreak bulk gmm ‘would be a severe dram on the facilities of the
port In order to handlmg bx eak bulk gram at; Cafdera. it is necessary to greatly i improve the -
: argo'i, andlmg efﬁc:ency To unprove ‘the eff1c1ency: 1t 1s ‘necessary ' to separate the
stevedormg operatxon and: the operatmn of canymg the gram to silos located outside the
'_port area To separate these opelatmns, it is necessary to construct a new silo at the port
that has at least the same capacnty as’ the maximum’ handlmg tonnage of one grain cargo
vessel - :

. 49_-';2_-?2 : TheAssumedCondltmns fcr 'Gr_ain- _Ca"rgo 'Haladling

fnr,the'berth _ -
1‘---4) Szlo ocatmn should be behmd the Noz open yatd and silo capacity should be

-—'26.1__“: -



- 20, 000 tons (reservmg an addltlonal area for the future stm age of another 10 0(}0

4.2.3 'PfoposedrAl_ternativé mmg S}%stbitls_'-'

Undet the above condxtwns, we consnder fOtli dltematlve handlmg "sy%tems as.
follows : ' ' ' ' ' :

(1) Aitematwe I : - L : :

A large pneumatlc unloadel (capamty 400'\'2 0{)0 tons/h cIass) s nstalled on
the extstmg rail at breth No. 1 runmng to’ th& No 3 apr on- whxch was desng #d to be
used for a gantry crane. For the transit’ operat;on from shxp to szlo the gram lg'tér: ided
by a belt. conveyor whlch has the same capacxty a‘; the pneumatnc un‘soader

(2) Aitematwe II , ST P
_ Two movable (tlre mount) pneumat:c unloaders (capacxty 200 tons/h each) are-
"mstalled on the: pier and’ dlscharge gram ‘to’ a belt conveym (400 tons/h ttansxt
capac1ty) wh:ch carries the grain to the 3110 : R IR A

(3) Alternatwe - : X LM et LT _ _
Using special grab buckets \3 5m3 capac:ty) for gram cargo and slnps cargo
gear (derricks and deck cranes) stevedore wmchmen dlscharge gram car g0 fmm ship’
s holds to a hopper wh:ch is placed on the pier next to the Shlp A movable conveyar
belt set under the hopper and txansfexs the gram to the sﬂo - o

(4) Alternatwe v , : : S _
The unloadmg operatlon is the same as under system HI but mstead of belt

conveyor ‘equipment, nine dump trucks are: used for trasn51t operations from the

'bottom of the hopper to the silo. R R : o

1.2. 4 Evanuation‘ of the Alternativs. S B

(1) Alternative 1 _ . : . :
“This system has a great capactty to unload gram (max1mum 2 000 tons/ h) 1t is
~an excellent system, usually used: for exclque gram ‘cargo berths‘._-'—f_"IOWever the
unloader rtself is a large machine which can only be moved on the’ 1a11way the
movable range is limited. Whien grain cargo ves::els are not: in’ ‘the port; thzs machme
may hinder other cargo handhng operatlons Furthermore, the mstallatxbn coats of -
the unloader would be substantla! Thls system ‘would not be econom:cal 1f the port.
only handles 166, 100 tons of gram per year as estlmated Thus system I is not :
approprldte . . o Sneot A R

-(2) Alternative II L o
In this system, the cargo handlmg capacnty is !ower than under Aitemat:ve 1
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-However, the unloader c*m easnly be shxfted toa piace where it does not-hinder other _
_ cargo opetatxons, dnd thus the berth and apron ‘can be used efflclently for hdndhng a -
_'vauety ‘of ¢argoes. - : - _ _ _

\_,__,.go H dlmg C'lpamty i
_The capactty of Alter nat:ve II isag follows ,

e Handlmgztonnage per dav 400 tons/hx,al h><l} 8= 6 720 tons/day :
: 'e_ " Poxt stdymg -days per vessel : '
“(a)+10,000 tons 6, 720 tons/day-—l 488 days' -
(b; 15,000" tons =6, 720 tons; day 2232 days.
(o) .24, 000 tons 6, 720 tons/day 2:976 days
“(d). 25,000 tons-+6,720 ‘tons/day=3.720 days S _
In all the'_:'_"bove caser-‘. vessels can completc cargo. unioadmg operatlons thhm
- 'four days In case (d) 5, 000 tons of cargo would have to be transferred to other.
_ local silos over three days after the unloading oper: ations commence. T his would .
' -mvoive shlftmg 1 67{) tons of cargo per: day ' SRR

'2')" Necessary number of wmkers
The fo]lowmg workers are 1equ1red for operatlons

a 1) Durmg unloadmg Shlp superwsor D
' e . Hatch boss o
L Unioader operater B R
: -_.Workers_m hatch 3 B
S | 5+(1) men -

u) When the un!oadmg operat:on is neérly finished, the following
. add1t10na1 workers are needed to gather cargo from the four cor-
. ners of the Shlp.‘a hold.

i Extré workerd 2
5 Bulldozer_duvel [ S
. 3 men -

One gang consxsts of 8 men When two unlowdel are used, t()tal of 17 men are
' requxred (2 gangs+1 superwsor)
3) Nec:essazy machmes -
_Ali the machmed llsted in [‘able Vlli-ﬂ? wﬂl have to be purchased

’I‘able VIII 7 Necessary Maehmes fm Alternatwe I

M?l_‘?h_me- SRR I Capaclty © -] ‘Number of Unit
: "__Pttzé';{roatiéiUnioader_, T '200tjh' VS DR S
Bgékét'Eléva_tcsrf_:;_]f 400t/h T PR i

Eelt‘fc'oii'véy:dr’ B
" (Movable) SRk 400 t/h L 200 m S

‘3“283’3:?”‘? o ima

. Small Bulldozer - - 2 tons o2
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4) Adv'mtages of: Altematwe II R B DI
- (a) Even for'the maximum- hant}l volume of 25 000 tons he ntxre o ratmn '
' would be flmshed W1thm four days S D '
(h) After ‘grain cargo handlmg is completed INCOP‘(: u!d clear the _bex th a apron |
(c) Using a closed type helt conveyor, it wouid be easy to mpiement dust o
preverition countelmeasures under ‘this aitematwe I

'(d) The number of operatozs “could be mmxmmed using ully- mecham:'ed'_
unloader. . After stdrtmg the opelatmns. nonstop uuloadl g-g(zé h) would be -
p0531b1e . : ‘ S B .

5) . stadvantages of Altematwe II i O

(a) The mstallatmn cost of: Altematlve 1§ IS less thdn that of Altematwe I but .

higher than that of Altematwes iR and I\ _ g

(b) The unloader is heavy (99 metrlc tons per umt 32:t1res,
3 {}93 kgf) : B A

per -._it_i_:te" si_féight B

(3) Alternativc III Lolen B T T P o . _
This Alternative requlres more. workers than Alternatwes Iand II but the
equlpment cost is cheaper than Aftematwe II RN o

1) _Cargo handlmg capamty St R T e R P
The cargo unloadmg capaaty of- Alternatwe HI 1s as. follows _ :
< Ship’s unloadmg capac;ty 3.5 tons/slmgx?,{} slmgs,! (h gang s shtft)
: ' *"105 tons/ (h gang shlft) S
. W orkmg coudmons .
(a) Three gangs work at the same time.”
(b) Gangs work thrce shifts a day (21 hours}
The unIoadmg tonnage per day . s S S
105 tons/(h-gang-shift) X3 gangsx? h><3 s"ufts/dayxo 3 5 292 tons/da; -'
« Port staymg days per vessel - AT
a) 10, {)00 tonb-5292 tons/day 1. 889 days
b) 15,000 tons-5292 tons/day 2. 834 ‘days:*
c) 20, 000 tons+ 5292 tons/day 3.779 days
: d) 25,000 tons 5292 tons/day 4, 724 days o REE S
_ In all cases, the entire unioadlng operatlon Wou’nd be completed W1t 1 fwe days
Incase d), 5,000 tons of cargo would have to be transferred to other Iocal sﬁds over -
four days. That involves shifting 1,250 tons of cargo per day However if oniy two -

gangs could work at the saine t:rne due to the caxgo‘, _towczge condstmns, the L

unloading tonage. per. day. would become 3 528 tons/day Therefore, the: porti'

staying period would be as follows ;- - Ul e -
'a) 10,000 tons+3, 582 tons/day z 834 days}'.f'-e;'i. ', R
b) 15,000 tons+3,582 tons/day 4.251 day B
€) 20,000 tons+ 3,582 tons/day=5.668 days .. e
d)y 25,000 tons--3,582 tOHS/day 7. 086 days :
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n cases c)' and d), over 5 days of berthmg tlme would be required. I‘hus, when’

R . 1-’
X ':"'-'1><3 gang%—::f 3.
" Wiichmen - 1x3 gangs= 3
r'-Hatch workers < 5X3 gangs= 15 . |
Bulldozer Drivers 1)<3 gangs? (M
; ' 28 men

l‘he necessa,ry machmes are summarlzed in lable VIII—

Table VIH-S Necessary Machmes for Alternetwe III

; Machmes ER '_ R | '7 Ca_pa_cn_ty 1 Number of Units - Remark_s

00tons/h | . lset  |L=450m
o UBbtens | dunits
P T s
- 2t_bns ; : Junits
1set

'1_vé IV :_%es the same stevedormg eperatlou as Altemat;ve ll[ but for
rans:t to the silo; Aitemahve IV would use nine dump trucks




1) Cmgo hand!mg capamty RN v _
Unloadmg tosmageu pex day are the same as fm Aiternattve IH :

2) . The necessaiy number of work’ s‘ J o :
The necessary number of worker" in Altematwe IV me as foliows

- Ship supewxsm e - ST LR e :

- Hatch bosses CTIX3
"S:gualmen T | >"<'3':;ga{1_g_s%:—

Winchmen _15(3 gangs= 8" -
‘Hatch workers __5><3_ g’aﬂg -
Bu!ldozer dnve TOAXE gangs_— o

" Dump huck drwers 3><3 umts o g __ '

: - 37 men T : _
Altematlve lV reqmres the Iargest numher of workers of 'the fom Alternatn es

3 the necessary eqmpment _ R
T he necessary eqmpment under Altematlve IV is listed m Table ‘iilim—g, .

3) The necessary equipment S e R .
The necessary equxpment unde; Alternatwe IV is hsted m Table YIEI 9

Tabte VHI 9 Necesssry Eqmpment for Mtematwe: f‘ R

Machmes R Capacnty Numbel of Unlts'_'-"

Grain Cargo Dump Truck S -lst_ong,_ R 9 wnits
Grab Bucket C v 8Btons | oY units S
Hopper . . - . o "'_Sl}ins;r___j.l':K.,_'__ : 3 umts_,
Small Bulldo:fe. L IESDIISU B “2tons., .,',‘.;"3umts, o

4. 2.5 Appraisai'Criteria '

When comparmg the above four altematwes the f "l-owmg'pom fiiﬁ:st: "b'e': considered.

1) It is necessary to minimize inconvenience to the otherc n’ usels of Caldera

Port. Grain carrier unloadmg should be mechamzed ’and high operatlon speed is

required. ' o S e

~ 2) The system should be able to accommodate uture mcreases of handlmg tonnage |
and further rationahzatlon and mechamzation R L

'3). The system should minimize “dust’ pollutxon R

4) - Operation costs should be mm1mlzed over’ the long term i ,

_ The appralsal of the altematwes is shown in Tabie Vl!iﬂlo ihe purchase and operatmu :

cost for such cargo handlmg eqmpment as pneumat:c unioaders and belt conveyors wdl be -
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TableﬁVHI 1(} Appralsal of Alternatwes

VA | an | am L aw
"-'.'3_'i?er;%'jhi§h§_-' | Hgh [ Low . {  Low
f‘ Sytfficietxt e S:uff“icie'nt. ) - Tusufficient - Tisufficient”
. Fasy - -Eas'y' o Hard C " Ylard
) Low O 1 Low O | Higher. A ' Highest: x
::‘:ffffmmen)* | (men) | @8men) .- (37men)
h -:--:.-_.':Ro_ssmle b POSSlb}e Impossible Impossible
s R I Sh()l”t L S_h'(itt | - Long - - : Long.
Ship's Port Stay " B o I S I

recovered dxrectly from the usen through port charges ’I‘hus in the selectzon of an approprl

the sys"téi"- ) as much as’ poss:ble to hamﬂe g:am calgoes without interfering with the cargo
handlmg of. general and contamer cargoeb lherefr_)le, in the selection of the system, the

decmvé fic ls—tw;ll be as: follows e : o
“(a). The acceptablhty of the po:t use chalges to the user.
by The extent of the: ratxonahzation of the syetem '

}*:rst Altematwe I :s ehmmated from wewpomt {a), that is under Altemat:ve I'the user
fees’ necessary to recover the 1nvestment would be: unreasonably hxgh Second the most
-ratxonallzed system othe; than Altematlve Iis Altematlve II. Under this alternative, the
i et in cargo handlmg fac:hties and machmery would reasonab!e fox the user: the
:tarlff for—gratn cargo handlmg would be-less than that for general cargo - Car 20 handling
' 5 1und i_altematwes IH and 1w could be mtetrupted by rainy weather. Besides,
'dependmg' up’n_ cargo . stowage COndltIOIIS under Alternatives Il and IV vessels ‘might
?'*ometlmes' e o remain at’ berth as long as ? days Consequent_ly, Alternative 1l is
_..overail ihe it reasonable optlon e o : ]

g 4 3 "Eﬁalﬁaﬁoﬁfof'At_\othe_r' 'Alterﬁetive'Grain Ca_rg’o LHah’dling_ Systém' '

In this. sludy, the: consttucuon of grain snios at the Port of Caidera wzth a capacity of
'20 000 tons 1% ptoposed along w1th the transfereuce of the grain import function from

...'TZ-G?-‘-" . _.
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