o APPENDIX 8 CALMNESS IN THE HARBOUR FOR Taa BREAKWATER EXTENSION
| o CALTERNATIVES - - e

_ We calculated the calmness rn the harbour area of the Port of Caidera for each of the
S ) foIlowmg altetnatnves for the breakwatei extensnon and. the ex;stmg state of the breakwater _
hach calculation case’is shewn in Fxg M~=1. : - '

: 'a).-fCase--l._._ o Exrstmg state (Iength of ithe breakwater from its’ tum pemt 2150 m)
by Case2 Breakwater extensmn length ‘200 m; Dlrectron of extensron : the same
T e _dlrectmn as’ thé end part of the ex1stmg breakwater ' -
' i':'-.j_"‘-c)f_";_G_ase 3ol Breakwate_r extenslon length 3{}0 m, Drrectlon of ektensmn :'the same
_ o T "-":-iff_idarectton as the end ‘part’of the existing breakwater- S
Cady Case j'ii_j --_~.--:'.-'Breakwater extension leng h 400 m, Diréction of extension ! the same
e dnectron as the end part of: the extstmg breakwater :
1 ;Breakwater extensron }ength 200 m; Drrectron of extensmn parallel to
‘i' ' _‘:'f-.the tx‘unk part of the exrstmg breakwater : o S .
- Breakwater exten'sxon length : 400 m, Direction of extenslon paraliel to
o the. trunk palt of the exrstmg breakwater '

: '_ I ' "Diffractieri '.Calcirlatidn S

As a dszractmn calculation method we adopted Takayama 8 Method Y which constders _ |

i the wave reﬂectlon of lrregular waves Forihe spectuin of 1rreguiar waves S (f.-6), are used

in the followmg fonnulae These are Bretschnelder Mltsuyasu s B ormula for the frequency
' speetrum S (£, and M:tsuyaeus Formula for the d:rectional spreadmg functron G (f ).

SU, 0=5016U, O R
v _-_S(f) 0 257 (H”S)2 f‘5 exp[ 1. 03(7mf) ‘)

G(fs 6) H.—:z**“._ I;(—z%%cos”

S {Sm IR (F>h)
. rSnax. (f/.fb) 5_ _‘ (fg.ﬂ))

- AETH T
Where, f frequency

A angie of dewatmn from the pr mc1pa1 d:recmn of the wave
HMs srgmﬁcant wave herght_ '

n- T motsuka I‘akayama i Wave Diffra" on :and Wave Height Dietrlbutlon mslde a
_ Harbour Techmcal Note of The Port and Harbour Research Instttute (Ministry of

Transport) ‘No. 367, Mar. 1981, 1~10p.




T o significant wave perlod .
£ : peak frequencv of the frequency spectrun_ RS i o
S parameter showmg the degree of d:rectlonal-f concentration of the-

L wave ‘.

Sm,i S at- the peak frequency. JE,"' .

The wave: condltnons to be-used in the diffractlon calculatmn are ds: follows: .+

" a) Direction of wave incidence: The fo}lowmg values are ueed thh reference to'the o
refraction charts shown i in the APPENDIX ‘1 L Co T
- N 229° for the ex:etmg state _

N 225° . for the breakwater extenaxenfaltemetlve : o

b) Szgmhcant wave perzod 12s ‘and 18 5 are used for thxrergnlflrant wave penod :
The foriner value.is the median of the: distribuion of the s1gmf1cant wave penod-"__:"
observat:on valies which are shown in Table IV—*~4 (CHAPTER IV) and the other ls i
nearly the maximum value of this dlstrlbutlon o - e iann o
~¢) Degree of d:rectxonal concentrataon Xy he rna;or part of the:_inmdcnt waves to the.
Port of Galdera region are long. per;od swells whlch are. propagated over Iong dxstances
therefore Smax =75 was adopted - R Ly L R IS Bt LR
d) Wave reflection coefficient A wave 1eflelec xon t.oefflclent of 99% 1s used for the
vertical walls, 40% for the rubble mound slopes, and 10% for the Sand beaches, The
wave reflelection coefficient used for each waterime in the Port of Galdera area 13-

shown in Fig. M—1.

The dtffractron charts whlch were: calculateé nsmg the above mentloned method arei:
shown in Flg M--2(1) to Fig M- 2(12) = : - :

2. Calmness in the Harbour A_rea

For the fol}owmg six pomts which are shown m Flg M 1 we calculated thef
calmness, using the results of the.above" mentloned d1ffractnon calculatxon and thej :
occurrence probability of srgmfxcant wave, helghts and the penods of the mcrdent waves,'—_:
which are shown in Table [V—4 (CHAPTER )i ' T

: Front of the roll—on/ro_llmoff'- pier—_ .

: Center of the —7.5m berth

: Center of the ~10 m berth

: Center of the —11m berth.

: Front of the small craft basm : : .
: Point 100 m inside from the center of the extended breakwater _' o

ERCRSACRTEORS

Pomts @ to @ are selected to estamate the workable days for the cargo handlmg

works at each berth, point @) is for the moormg works of the emall crafts in the baem, L

" point @ is for the loadmg WOI’k‘S of rubble stone,s and armour mate "als,
for the mamtenance dredgmg S o

arid pomt . 15

M=T6



7 ’I‘he cumulatwe occurrence px obabshtnes of 31gn1f1c1nt wave helghts at each point
whlch Were calcuiated for each breakwater extensmn aiternatwe and the existing state
are shown m Table M 1(]) to (6) and Fig. M- 3(1) to (6).

M=
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':_‘-Ts;biem_;i(n {‘umuiatwe Occurrence Probabilities of Significant -
FE e Wave: Heights in; the Harhor Area (Case 1) Unit: %
Calulation pmnta -_ 'Q)_'__:;::_ ® e | e | e | ®

Slgmflcant L IR B
- wave, helght . li}m o626 00 2330 55.4 - -90.1 -1 96.2

o o2om-| 959 | o868 Ty 941 |-99.7 - 1000
| | 0.30m | "99.4 - Cor5 | o99.00 | 1000 |
odum | 000 | o4 {1000 |
Toam [ [0 |
Coeom o
omm |
o 1sme O

Co1s0m |

. Table 'MQI @ Ciﬁﬁulaﬁire Occurrence Probabilities of Significant |
Wave He!ghts is the Harb{)r Area {(Case 2) Unit: %

Calulat:on pmnts 1 ®j;,' @ @ | @ | ® ] ® 7

i ngmfxcant ' S S
i} “wave height '0,1011),;. o 8L§ 1648 o 765 98.2 - 98.2 .

" o.20m |- 989 |.e27 | 982 | 100.0. [ 1000 | 13.4
" 0.30m. | 1000 —.”9'8_._6' ooees - b 5230
o.40m | | 9.7 | 1000 | 6.5
osom-| . (w0 | | . | | s
o.60m | 1 I R T
Cpasm | | b IR
L o1.00m | R N 99.5
Caasm | b | 1000
— e T .

M-8




‘Table M.1 (3) Cumulative Occurrence Probabiﬁtiw of S:gmficunt R
Wave Ilelghts in the Harbmr Area (Case 3) IR -Un_i_g SR

| Calulation 'points' ' @ | @ i @ | @ ! @ @

Significant H R B S e
wave hejght'_ 0.1(_}_m7_: _'86.2_' 1 57.8 ¢ 08,8 _98,._2'-._t Ry

0.20m | 994 | 941 | 989 1110000 }:100.0 | 203

e
Soleeip e
PRI R VOO

0.30m - 100.0 | 99.0 7| 100.0

0.dom | 000 L e ol b osna |
0.50m - . I

0.50m

0.75m

1:00m

1.25m

1.50m -

Table M 1 (4) - Cumulative Occurrence Probablhtxes of Slgmﬁcan%
Wave Heights in the Harl:mr Area (Case 4) e .U,ﬁit: o

Cal'uié_itionpoints_ o 1 @ ® L ® (5) O

Significant , S T s En e
wave height 0.10m | 86.4 T 64,_8 1 753 SRR TP 98,27} e

0.20m | 99.4 95.9 | 98.9 +| 100.0 “|' 100.0. | '33.0 -

0.30m | 100.0 | 99.4 ‘| 100.0 | . ’ .--,"77”_-5‘”
o | jaeeo | | p | e |

0.50m . 1 EERE I ; 9.7 |

0.60m | . - _ : _ :_'9_'8'.'6'

orm | I I Y I

1.2om
1.50m
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e Table M 1(5)‘

Cumulative Occurrence Prebahlmtles of Sigmf;cant

Wave Heights in the: Hurbor Area (Case 5)

Unit: %

Ca}ulatxon pomts

@:

CE

%jgmf:cant R

w0

401

T

190.9

982

8.2

-wave helght 1 i
| ~0.20m

9.9

9|

98,2

99.7

100.0 -

65.5

. 0:30m

11000

- 99.0

998

160.0

88.1

1100.0

1000

96.4

98.7

99.5

0.75m

106.0

1.50m

Table M 1 (5) Cumu!atlve Occurrence Probabﬂltles of Sngmflcant

Wave Helghts m the Harhor Area (Case 6)

Unit: %

Caiulatmn pomts

@

®

®

: S1gmf|cant_
| “wave height-  0; IOm.__-.'

66.8

S sls

98.2

66.8

0.20m

e

96.8

989

98.9

100.0

96.8

100.0:.

(9.6

100.0

100.0°

99.6

Cbaom

11000

100.0

0.60m |

C0.7sm |

. Gsm |

1. uom'-‘ :
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o _order to accommodate the addltlonal cargo volume are presented below

(1)'__._._ Increa31_ng the workmg effm:ency per gang per hom _

IR th fystematlc program for: trammg workers descrlbed m the. main body of this study
' i--1s 1mplemented we expect that the cargo handlmg eff1c1ency wﬂl mcrease by approxunately
20 / in 1992 due to 1mproved workmg methods as outlined in ‘Table M- —1.

:_s_However, the mcreases n cargo handlmg eff1c1ency in 1995 predlcted in the table are

"‘:"'-:i"rbased upon. the assumptlon that an effectwe trammg program will be 1mplemented that is,

."___that the Workers w1il be tiamed in such a ‘way that the handling efficiency will increase.
N atural!y, JST cannot guarantee that the forecast handhng rates will actualiy be achieved
'_afte: 1992. Nonethdess thele 1s every :eason to believe that if a systematic training
' program is 1mp1emented the cargo handlmg rate should improve by at least 209 by 1995 as
) a result of the trammg progl am- and 1mproved workmg methods.

Tahle M 1 Estunated Future Cargo Handlmg Efflcwncy

i Present Haudhng Efﬁcxe_ncy in the Efficiency in
“Kind Of Cargo . Eff1c1ency o Target Year 1992 1595
1 ,_l_Geveral R 20 MT/h, 24 MT/h 29 MT/h
" Steel Goods - - 40 MT/h .48 MT/h 58 MT/h
Contamer _ 7T EU/h - 12 TEU/h 15 TEU/h
TBréak Bulk 20 M’I‘/h 200 MT/h 1200 MT/h

 “note, MT : Metric ton

(2) Increasmg the number of gangs per vessei _ _

- As noted in the study, the average number of gangs per vessel up to the target year is
2 By expandmg the number of gangs per vessel to 3, the £argo handling capacity of the
port may. mcreaso by as much as 50% thhout investing in any additional physical infra-

R _?'structures However, it would of course. become necessary to- purchase some additional

" '_forkhfts : Bes:des, the. abihty to use: three gangs s1multaneously depends on various cond!-

» _-.taons such as the cargo loadmg condxtzons and the number of hatches on each vessel.

Based on the recommendatlons presented in . (1) and (2) ;- INCOP may be able to handle

- _-ﬂ_'“the forecast cargo m the year 1995 thhout constructmg any additional mooring facilities.

o Me9T



APPENDIX 10 COMMENTS ON THE IMMINENT DREDGING PLAN AT THE PORTOF -
CALDERA - _“ * e T e

COMMENTS ON THE IMMINENT DREDGING PLAN "0
~ THE PORT OF CALDERA -~ . -

Nov. 4, 1985 o

THE MAINTENANCE PROJECT OF THE PORT OF.CALDERA - i . -

M—98



o ’Ir‘he sand sedtmentation has caused some dszzcult:es for ‘the berthmg of large vessels at
‘;'j'the ——11 m berth at. the Port of Caldera MOPF therefore,; decided’ to execute urgent
mamtenance dredgmg, and requested the JICA® study team to submit comments on the said
_' : dredgmg f1 om the v1ewpomt of engmeermg MOPT -and the ] IC'\ study team held a meetmg
. concel ning thls matter on Oct. 30,1985,
. ’Ih1s paper is a eummary of the comments presented by the JICA study team at this
.'-meetmg L z I S : :

1 'L'oeaema %of‘--tz;'e' aua;yfng’sitefof a'.e' d:e*dg’%e'd' s_and.‘

T he offshore area of Roca Carballo in the dll‘eCtIOll N 50 W from the No 2 Buoy near

S the anchm age is recommendable as the dumpmg site’ for the dredged sand to prevent the
e dumped sand from’ retm mng to the dredged area: T hlS water area is vast and deep to accept
S _the dredged matertals - ' :

' 2 Dredgmg depth and areas

S ( ) I‘he be1 th area Just in front of the quaywall wnth a denlgn depth of —11 m should
ot be dredged over the desxgn depth plus the: maxmmn allowance so as not to cause -
 the col[apee of the quaywai! ' : ,
- {2) The water area “at the comer between' the breakwatet and the marginal quaywall
R bhould be glven prmrxty to be p031t1ve1y dredged because of its 1mp0rtance in firmly-

SRR securmg the berth area:” : : :
3 The dredging depth al!owance in the turnmg basin w1th a depth of —~11 m, should

C _be deepened as'much as poembie :

_ 3. Bredgmg at the harbnur part amund the breakwater head.

The dredgmg of the dep031ted sand at the harbour part around the breakwater head, the
-length of whtch is about 100 m, is ‘recommendable because it would be ineffecfive without

e further extenston of. the exzstmg breakwater

- The detaﬂed dredgmg plan for this water. area wnll be: stuched as a part of the basic
counterneasures agamst httora] drift sand by the JICA study team. Thus, this water area
: _shoutd be dredged after the completlon of the said etudy

) _ Such areas as the cerner between the breakwater and the marginal wharf cannot
be dredged usmg a hopper dredger and a blade dragger Thus, the suction dredger
v owned by MOPT should be used to reliably dredge these water areas.

(?) The:re isa sand layer of a certam depth on top of the stones scattered by past h:gh
waves in certam harbour areas. Thus, a hopper dredger should dredge the sand
iayer_up_ to t}_')e depth of the surface of the scattered stones, The scattered stones

M99



themselves should not necessanly be dredged in the present dredgmg work cons:der-‘;.
ing the dlfflculty of Such dr edgmg : : e e T

75.:' Inspection of the d_redged Sani'dj\'folume.. SRRRE

“The volume of dredged sand should be. co’nfirméd b‘i’ééd ‘on; the differerice etween
' soundmgs before and after the dredgmg The soundnzgq qhouid be lmplemented by MOPT :
ltself : : - T

6. Safe maneuvering of general ves'sé_ls. SRGTe

The dredging work. should not hmder ’rhe ‘safe maneuvermg of general VEQSEIS and the
execution of regular pmt operations:: Therefore, detazled adjustment must: be worked out: m s
advance between the dredging work ‘and the maneuver ing of general ve&%els ey Ll

M~100



o V_APPENDIX' 1 ESTlMATE OF WORKABLE DAYS FOR BREAKWATER CONSTRUCTION

’ ’l‘hegworkable day. f,t‘l breakwater consti ucuon are estlmated usmg the following

E ,ffmethod i

Construction

_.i_;?"l Werkabie Day_ fo Works Executed 'firom.. on Top of the Existing

Breakwater o

46 25“‘21m'

; '”;')r_obabilities : refer to CHAPTER I,

Flg\’ll—ll) SRR
e ;‘O Deep water move iength Lo 1 56

: 1 2 Uprush Hezghts and their Oceurren e Probablhty

. Accmdmg to the experlmentai results a 1eved by Toyoshxma and et al.? (Flg M-1),
: __the uprush hexghts R and thelr occurence pro bilities P {H = x] are calculated as shown in

'Table M-1.

’i‘able M 1 Relatxons het,w £n Uprush He:ghts and then-
SR U _Cumulatwe Occmrence Probabxhtles

H,,,(m) . WL R | R@) P [Hax} (%)
S15 | ooeer [oo.oaz | a7 | ‘2*'555 o=
. 13’ . _‘%—0:9_’05_8,‘;" 0.042 - -'__-1_-;.-6, o208 90

1) Osamu Tayoshlma, No‘buo Shuto and Hiroshi Hashxmoto ; Uprush Hexght against
; -_'-Seawali ~—Bottem Slope 1 30—- No. 11 Cuastal Engmeermg Lectures 1964, pp. 260~265
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1. 3 Unworkable D ‘ur Construction Works _Exeé_ﬂtéd frqrﬁ on Top of the Break-
water : ' I TR o

As the above calculations were made based on the mgmflcant wave helght waves larger. _

than these will occur at robablhty of above 13% However, conmdermg that the txde"
levels are usually lower '
should be smaller than:
conducted using a smoo
is less than or equal to
to high waves at a prob y of abaut 15%.
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" ‘2. Workable Days of Marine Works -

el 51';‘ist;it£a£iaﬁ";af;ﬁﬁhﬁlezMbunalnﬁder waief

LT ablhty of unworkable days due to poor marine condltlons for the
R lnstallatlon of the rubble mound under water using barges is estimated to be 30%, assuming

j,that the cutvsal workable’ swmflcant wave helght for the installation: is 1,0 m (refer to
' -'--,CHAP[‘ER IV Flg IV 10) '

__2~._2 'Tlhs'ﬁﬂ“ati_on 'G,f”Affl'“!“_'? U'“-.i!‘f.e?.’? o

_ If the critlcal mgmﬁcant wave helght for mstallatlon of the armour umt of the break

S 'water is 0 5 n, the occurrence probab:laty of workdble days for this work is est:mated to be
" '-'._only 6/ (refer to’ CHAPTER IV, Fig IV-WIU) Thus, it w;ll not be’ eff1c1ent to.install the

'_-'-Dolos usmg a floatmg crdne from the outszde harbout. Accmdmgly, the Dolos will be

- installed using mobile cranéot a crawler crane on' the breakwater.

' The armour stones w111 ‘_be mstalled ising a fioatmg crane,-where the dlffl‘aCUOI\ rates

. on the inside of the harbour are less than 0.5. 'In this case, the occurrence probability of

. __unwox kable days is 30/6 because Hua wﬂl be 1.0 m.

3. Estm,a_ted.ﬁ.’ ei'k”a_bie iR'f?*'fé’ ‘fgr' Bré,a,ksf%:ﬁt‘ér Construction

i The est'mated workabie .ate for each of the above eonstruct;on works is summarized
in Table M~-2. i ' '

= Tabie_' M’-_2' Estimate_d_ Werkal_)_l__e R‘at_e. for Breakwater anstruction

Item S o Workable Rate
) L : Imtallation of Underwater o
S : _ : 70%
- -MarineWorks ) Mound _ _ :
R _ 7 Installation of Armour Stones 70%
‘Works Executed from on'Top of the Breakwater 85%
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APPENDIX 12 SHIP CoSTS |

Ship costs conmst of the pr:ce of the Shlp 1tself the cxews wages, equlpment cost'f _' _

m'\chme oil cost, insurance cost, repair coat depremanon cost, mtscelianeous costs, and other',

costs. Accordingly, the total ship cost depends on the pnce of the shap 1tself and the prlce‘ "
~of the other e\{pendltures o e : i s g
"~ The price of shlps i shown m Tabie M—— S8

Table M-1 The Price of Ships

Ship Size (00 DWT) -~ | 10 | 20 | 30| do| 65 | 125 fo2O |
Price (Million Yen/ship) 11,300 | 2,250 | 3,003,800 {4,750 | 6,450 | 9.850 [ -

The othe; costs aie pro;ected based on past costs and the px 03ected rate of mcrease :_ o
Consequently, the shlp costs are estimated as shown in. Tabie M 2 " '

Table M Z Estlmatlon of Total Shlp Cost ;o L .

thp Size (000 DWT) 10 200 | 30 | 40 "55[_', | T
Ship Cost(Yen/DWT/Month) | 4,635 | 3,002 2','4'03:. 2200 1750 1,105 _-;'75'.4".

*) Source : The Report for the Study on the Internat:onai Commodity Dlstnbutlon Center |

Development Project in the Bay of Shlbushl March 1984, The Transport Economy
Research Institute of Japan. '
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o '(1) Case FA ‘The. construct

. -"AF’PENDIX 13 E!RR GALCULATION FOR SENS!T!VITY ANALYSIS

%enmthty analyets is made for three cases where - . : :
oti costs other. than that of d1 edgmg, and the purchase costs
L of the dredg g fleet constructmn machmery and cargo handling equip-
. __ment mcrease by 10%. In othei words, the construction costs of such |
o ""'fstructures as the extended and shxfted breakwater, the gaugway and the
4Tia 'raft, basm mcludmg the pavement cost of open yards. increase by

‘ port cargo volume decreases by 10‘7 :
he ship costs demease by 2QA ‘The Shlp costs. decrease by 50% of that
calcu!ated m APPENDIX 12 ‘A shlp cost decrease of 30% is adopted as the
base case m the mam bocly of the. leport

The EIRR ',,calcuidted for each of the thtee 31mulat10n caees The calculatmn results
: f—'of eaeh case aré shown in ’I‘able ‘VI 1wTab]e M—3." '
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Table

M-1° Caleutation 0{{[&_ Emﬁ IStEr

Case FA '1he construction costs other than that of dredgmg, and the purchas(g costs o f the dledgmg .

* fleet, construction machinery ¢ and cargo handlmg eqtupment mcre‘zse by 10% :

BIRR = 20.8%

(Umt

'000 Co]ones) =

Year

Benefits

“Costs "

With Case

Without
Case. -

Net Cost

Benefits
4 —Costs ..

l"rcsem Value in ]988

1. Beneﬁ&' )

'Nee'(:o-srs__

Behefits

1988

91,479

9!479

otan

_otan |

89

- 285,698

276 ',7_21

S 8975

BB ?'430 T

*-.—.714'30 |

90

315,446

4,403

311,044

"'_'_.-'—_311,044

213,196

91

61,846

107,199

4,978

- 102,220

oms |

7]

12,147,

16,830,

4,683 |

128376 | 58,

PE]

123,693

12,147

6,387,

3,560:

B33 | 48,

94

123,693

12,147

7,535 .

4,612

95

123,693

~12,147 .

8,297

3,850

119,843 |

96

123,693

22,225

8,855

13,370

110,323

97

123,693

12,147

17,389

5,242

128,935

98

123,693

12,147 -

9,804 -

2343

121,350 | '

354

99

123,693

12,147

© 10,091

2056 |

121837, 15,

Tase |

2000

123693 |

12,1477

10,379

1;768.

121,925

- 183

123,693

91,527

10,667,

80,860

42,833

6,947 | 367

123,693

12,147

‘18,913

5,766

- 130,459

123,693

12,147

11,141

1,006

122,687

59

123,693

12,147

275,013

~262,866

386,559

123,693

12,147

11412

735

122,958

L ~12,805 |

123,693

24,109

11,618

1249

111,199

S L I

123,693

12,147

19,861 -

©-7,T14

131,407

Sa213

123,693

12,147

11,988

159 .

123,534

1
2
B
4
e
6
7
8
e

123,693

12,147 .

12,174

Yy

123,720

-1

2010

123,693

12,147

12,360

-213

. 123,906

11

123,693

91,527

12,648

78,879

44,814

~1,02

12

123,693

12,147

$20,708 -

8,561

132,254 |-

13

123,693

12,147

12,648

.. 501

124,194

14

123,693

12,147

12,648

=501

124,194

15

123,693

12,147

12,648

-501

124,194 ]

16

123,693

28,782

12,648

16,134

107,559

17

123,693

-10,115

3,129

) _13n244

517

!

Total

3,271,864

1,290,817

864,091

426,726

136,937

2,851,138

370,269

‘370,269 |
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~213,196- e
Fie2200 fi
1485 |- 38
1,925 5
2,951 -



:"'I.‘ab_le_’M'_-.Z-zﬁ Caleulation of the EIRR

7 nt - Cass FB - The forecast port cargo volume decreases by 10%.

BIRR = 19:1% L {Uni1: 000 Colones)

L Qosts g R Present Value in 1988
LT ‘Benefits - ' '
*~Costs

SEREER L Y W_xthm_:_t 1 - B e Benefits .
Sy : WithCase 5 Case Net.ccgsl 5 _Bgngﬁts -N_et_Costs _Net Costs

988 | oo |oe3aed | - s3ae3 | -e3463 | . — | 363 | -83,163
oy T T 0se73s [ areaay 116998 | 190 | - | w1401 | 142m
"% 288167 | 4402 | 283,765 | ~283,765 | | 200,092 | -200092
9| 106,426 | - T I01A45 [ Tos3.019 | 28,675 | 60,069 | ~31,393
SEAL3TA osase | 1o | 48188 <2713 | s08m
1 hama | es®r | 4787 292070 | 40440 | 1,999 | 38441 |
96,857 | . 11374 . 78357] 3,839 | 93,0087 ] . 33958 | 1346 | 32612
| er9s,857 137 ] L 43,077.0. 93,780 | 28,518 906 27,609 -
6 i 96,857 |0 21452 1 12,597 | 84,260 |- 23,945 3,114 § 20,831
96,857 o 1L374 | 1T 6,015 | 102,872 | 20,107 - -1,249 | 21,356
98 | . 96857 | " 11,374 . 904 . 1,570 | 95287 | 16,884 e LR B TY T
1= 99 T 96857 | 11574 L 100911 1283 | 95574 14,478 188 | 1399
L2000 7] AL31 T Toos| T esse2 | 11906 | 122 | 11,783
T T e esr I T o054 10667 so087| a0 | 90901 826 | 1,131
| Ts.8s7 | XL3T 18913 | <7539 | 104,396 | 8395 ~653 [ . 9,048
96,857 | L3N AT 233 ] 96,624 L 7,049 Y 1,033
96,857 | 31,374 0] 275,013 | ~263/639 | 360496 5920 | ~16,113 | - 22,032,
96,857 . 1374 ilaiz | 38 1096895 | . 4971 -2 a9m
96857 | 23336 | - 11615 | 11,721 | 85136 | . 4174 | 505 3,669
| 96,857 | 11,374 19,8611 -8,487 |, 105344 | 3,505 -307 3,812
196,887 1183747 11,988 1 614 | - 974M 2,943 -19 2,962
B 96,857 | 10374 izl ls00 | 97,657 | 24T ~20 | 2492
2000 G| . 96,857 | 11374 |- 12,360 | - -986 | 97,843 | . 2,075 -2 2,097 -
o1t | 96,857 | 90,754 ] 12648 | 18,106 | . 18,751 1,743 | 1,405 Y
a2 ClT9e8s7 o) 11,374 | 20,708 7] 0 -9,334 1 106,191 | 1463 | . -141 1,604
S d30 ) 96,857 | 11,3740 ] 12,648 [ 10-1,274 | - 98,131 1,229 | - =16 1,245
doaa | oesgsT L 11 | 12648 | -1,274 | 98,131 1,032 | ~14 1,045
A oas ] eessy |ooan3s oo dgeas | o121 ] 9833l |- 867 T . 878
oo 167 | 96,887 1028009 | 12648 | 15,361 | 81496 S8 | 115 612
LN 96,857 10,888 | 3,029 | ~14,007°1 110,874 | 611 | ~88 699

wilee | wa o] wn] b w o |

CTott | 2,566711° [ 1,208378 || g6a,091 | 344,287 12220424 | 325940 | 325940 0
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] EIRR = 17.6% l

Table M-3 Caleulation of the EIRR"

CaSe'VEC- The shiﬁ.cosié" decrease by 2096 Lol e

it "000 Colones)

Yeat

Benefils

Costs o

With Cige -

Without "

‘Case E

Net Cost

" Bénefits fr— _

- Costs

| Present Value in 1988

Net Costs ;

‘ ——Nét.‘(?gsts' )

Benefits [

1988

83,163

83,163

83163 ] < ¢

8463 | 83

89

259,725

- 276,723

116,998

16998 |

1 =14457

© 90

- 28B,E67 -

4402 -

283,765

283,765

205,274 |

9

" 44,176

-.106,426 |

4,978,

101,448 .

Slstar

21,1807

88,352

11374

16,830

5456 |

93,808 |

03

88,352

137

- 6,587:)

4,787

83,565

539,324

94

88,352

11374 |

1,535

38390

" et

© 33446

95

| 88352

‘11,374

18,297

3,077

85,275

Taadn |

96

88,352 | -

21452

" 8,855

12,597 1

75,735 | -

97

88,352

11,374

" 17,389

6,015 |

94,367

© 20,578 )

- 98

88,352

11,3714

C 9804

1,570 -

86782 |

11,502 |31

99

88,352

11,374

10,091

87,069 .

isw | 2

2000

28,352

711,374

710,379

1,283

- 995

81357

D

661 -

88,352

90,754

10,667

80,087

L 8es |

o6y

88,352

11,374

18913

=153

795,891 |

0159 |

88,352

11,374

1,141}

233

Ty |

88,352

S 18374

375,013

263,639

351,991

CU6626 ]

26396 | -

- 88,352

11,374

11,412 |

38

8%

R 5-?_635 N E

5,638 |

88,352

23,336

11,615

: 1_1;7.21. -

76,631 -

4793

4,187

88,352

T3

19,861

C 8487

196,839 | ¢

8,076

4468

88,352

11,3

11,988 |

614

88,966

T 3467

3491

clomlalniv]alw|wl m

88,352

113701

12,174

. -BO0.

- 89,152

2,949

1 2916 |-

2010

88,352

11,374

12,360 |-

986

- 89,338

2536

I3

88,352

90,754

12,648

98,106

119,246

N33y

12

© 88,352 |

11,374

20,708

S a334 |

197,686

l,.SI_M; -

13

88,352

11,374

12,648

-1 |

- 89626 |

15437 s

14

. 88,352

11,374

i 2,6_43' -

Tl

89,626 | -

15

88,352 -

11,374

12,648

s |

89526

- 1,116

16

88,352

28,009

12,648

15,361 -

72001 |

L

17

88,352

-10,888

3,129

~14,017

1023691

808 :

Total

2,341,328

1,208,378

864,091

344,287

1,997,041

331,902

331902
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: '-APPENI:S'(X&@ | F:kéﬁ .cAtj;éULAT;lQN_fFQR’SENéignley_-ANZALYsis

_ .lS made for three cases: as follows -
- i(1) ‘the: pori tar iff revenues decrease by 10% (Case FA), -

"(2) the_ construction costs increase by 10% (Case FB), - ; . _
' 1(3) ; revenues decrea‘se by 109/ and the costs mcrease by 10% almultaneoubly (Case I‘C).

%enextwlty amly&,

L T he FIRR IS calculm ed .for each of the 3 sunu)atlon cases “The resu_lts are shown in

= '1 able M- 1~Tdble Mma

M~ 109



Table M-1 Caleulation of the FIRR ~~~ "
Case FA The case in which the }:ino.rt'-{ariff"révenileé?det'fEﬁSe".BSF""LI{Q?:G R

e

Year Cost". | - Benefit

ST U0 Colones
“<Cost | Cost | Benciit . | Benefi

1988
89 R N
00 | 233,952 | T omen | wesee | | 206,86
91 300,720 | - 33,701 | 267,019 | 250,034 | 28,021 | - ~ge2.013 o
92 | . 20,078 | 67,402 | - 47,324 | 15,698 52,697 37000
93 20,07 | e7ia0z | an3a | w6 | 49563 | o 37 |
oi | 00 | erae |  4r.a | 13880 | 46,596 | 276
95 20,078 | 67.402 47,324 | 13,052 | 43,815 | - 30,763
96 20,078 | 67,402 | o 47,324 12,273 | anzen o |- 28,928 0 |
| 97 | 20,078 | . 67,402 41324 ) 1541 '33}%@2'1_ ':_; j},ig¢;g01; 1
% 20,078 67,402 | 47,324 ( 10,852 | 36,430 | - 25,578 | .
99 | - 20,078 67,402 fwm% de«'%%ﬁ, ,%@ﬂff
2000 20,078 67,402 7,324 | 95% | 32212 | - 2,617 - |
o | w0 | eram | —siom | dog | s | esm
02 20,078 67,402 | 47,324 | 8,484 [ 28482 | T 19.99%8 |
03 20,078 67,402 | 47,324 | 7,978 | 26,783 | - 18,805 |
04 20,078 | . 67,402 47,324 7,502 j:_':igs;xgs_a.; oovmes
w | wos | @an | | 1o | mew | wer |
06 21,962 | 67,402 T i402 726 | 22,209 | 150130 |
o7 20,078 67,402 47,324.|- 6,288 | 20,940 | 14,702
08 20,078 (67,402 47,324 | 06,865 | 19,690 .1 13,8260 |
09 20,078 | 67,402 47324 | 5515 | 18515 <] . 13,000 - [
10 20,078 67,402 | 47,324 | 5.8 | 17.410 | 12,228 |
1 258,073 | . 67,402 | 190,670 | 62,884 | 16,371 . | . —46,312 i}
12 20078 | 67402 | 47324 | 458 | 5,384 | 10809 |
13 20,078 67,402 | am324 | amz | w0 10164 i)
14 20,078 67,402 324 | 4085 | 13612 | - 9857 |
o 20,078 | 67402 a3 | 3ms |oase | sew |
16 | 20,078 | 67,402 47,324 | 3,585 | 12,0 | - 8451 |
17 | —120,657 67,402 | 188,050 | —20,260 | 11,318 | - 31,678 - |
Total | 1,225,146 | 1,785,153 561,007 | 732,775 | 73775 | 0|

Note: 1) The costs include minus costs (benefits).

|

—

—

M—110



©~ Table M2 Caleulation of the FIRR

: ;-:,Case FB .+The ¢ase iit'which the construction costs increase by 10%

-FIRR =g, 53% o
e } : Unit ; "000 Coloues

:B'eneffi't:”';:”“_ ©. Present Value in 1988 |
-—C()st - ‘Cqsf,t_ | . DBenefit Renefit —Cost

‘198'8-;
s e || easrawr |amemee | | —as67s6
e e ,.-:.-f__sv 445-..-' ~293,347- | ~273,653 | 30,977 | 242,676
e mes | | s | e | s | wa
e | asoss | vasel | 52805 | 15115 | 51,288 | 36,138
s eoss | ager | 52805 | 4ds9 | asau | 33,92
e | w06 | 7amer| 52,8050 13,3200 | 45,66 | 3188
o7 22,086 |- 74891 - 52,805 | 12,504 | 42,400 - |~ 29.8%
98| 22,086 | 74891} 52,805 | 11,738 | 39,803 | 28,064
clee| 22,086 | 74801 |- 52,805 | 11,000 )" 37,365 i 26,345
o[ Taee | Tass | s |7 s | 03w | mote | oa
ol e T mase1 | o —23,421- | 43,227 | 32,91 | —10,300
Lo ames | s | szeds | ome [ some [ an7e
03] o2086 | - 74801| 52,805 | 8557 | 20,07 | 20,460
05 22,086 | TABIUT] 52,805 | © 7,541 | 25,571 18,050
S06%| - 247158 [ 743891717 50,7337 | ¢ 7,743 | 24,005 16,261
07 ) 22,086 ,' 74.89152:805 - _6,.54_6 22,53 | 15,889
o 22,08 | 749 | 52,805 0. 6238 | 2005 | 14,906
‘3’9_75-’ __ '_2-2 (-}35"‘ 74391 52,808 | 5,856 | 19,858 | 14,602
7 -_,ima 22,086 | 74,8917 52,805 [ 5,498 | 18,682 | 13,144
T B R e B I e X
& ._5_‘12_}‘;_ Tamom | mse || snets | dsts | 16,43 11,583
N B 22035 ;i:;:..'..jri;'ﬂgl_'_'- ©53,805 [ 4,548 | 15,422 10,874
,'._.;i_!:lE‘; 1 22035 ?4.891 52,8057 | 4,260 | 14,477 10,208
s 086 [ TS0L | 52,805 | - 4,008 | 13,500 | 9.5%
o e | '_l--?4:391 | 52,805 © . 3,762 | 12,758 | 8,995
T 723, CoomseL | 207,614 a2 | 1,97 | 33.201
: Tota]_:;-_ 1,347,664 1984 611 | 636,947 | 796,920 © [ 796,920 K

Note 1) ']‘he cogts mclude minus cas;s (beneflts)
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Case FC [‘he case m whach the reveéies: demease by 10,6 and

‘the costs increase by 10/ c;:multaneously '

Unlt ’000 Coiones

Year

Cost?

: Benefit

“Benefit :
“—Cost |

Present Value in 1988

- Cost. -

Benefit L Benefxt )Co

1988

90

257,347

21,7

234,851 |

3

330,792

- 33,701

-if429?1691~{

288 385_ s

92

22,086 | .-

67,402 |

B8 |

93

22,086

67,402

45,316 -

;17,572:11a:}‘

94

22,086

- 67,402

95

22,086

| 67,402

45,316 |
45,316

16,086 |

:96

29,086

67,402

145,316 .-

15,319 | - 46,

07

22,086

67,402

a6 |

TThes |

98

22,086

67,402

45,316

RETE TR T

22,086

67,402,

s

2000

22,086 | -

- 67.402 |

45,316 ..

oL

98,318

67,402 -

30,916 |

54,255

02

. 22,086

67,402

45,316 |

ey

T |

BT

03

22,086

67,402 |

45,316

11,123 =

33,944 |

04

22,086

67,402 |

45,316 |-

22T

221,801

vy

22,086

67,402 |

45,316

10,150 - |-

30,977

06

24,158

67,402

43,244

. 10,606

2959

18,986

07

22,086

67,402 |

45,316

9,263 ] ¢

19,006

08

22,086

67,402 -

45,316 |

8,849 -

09

22,086 |

67,402

45,316

e

|

17,345

10

22,086

67,402

45,316 .

o

11

283,880

67,402 |

216,478

99,160

BT - TR ERC T T

12

22,086

- 67,402 |

45,316

7,370 | -

|

“han

13

22,086

" 67,402°

. 45,316}

7,040

L

a5

i4.

22,086

67,402

15,316

6,726 -

T |

13,800

15

22,086

67,402

45,316

6,425 [

T R

13,183 -

16

22,086

67,402

45,316,

6,198 .

8,731 o

12 5941}; .

17

—132,723

.' 67,402

200,125

s

17,894 |

Total

1,347,664

1 786,153 - |

438,489 | -

w0 |

Note: 1} The costs include minus costs (beﬁefiés): :

M= 112

_902,7421—1

902 742f}
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