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k. - Calculating Method for Revenues

I. Revenues from Ships

{.1 Assumptions for the commercial porl sectos

-1y Estimnate Ihe céigé volume by kind of cargo handled in the Port of Dumai '(Catgo Forecast).

;-2)_ ‘Estimate the number of shnp sal!s by ship lype and size and for (he ca(egones ol' both
© domestic and oc¢ean gomg ships (Port Plan).

-3) Estimate the shi_p Iength by ship ly‘pe and size and to conveit DWT to GT. . |

4y Es!inl‘a(ezihe;be‘r,thihg t’ime’at néw and exisiing be'uhs' b'y"ship: type and size (Port Plan). -

fS) Fslabhsh lhe umt chatgés (\lanagemenl and operallon)
: Harbour dues & fees baséd on 1 USS @625 Rp

' (l) Harbour dues
‘Ovéan gmng shig P and tanker
Domeshc shlp i

(2) Bf‘rihage fes -
0‘-"3“ 8‘”“3 ship and tanker
‘_qua'uc ship

{3) Pilotage rl'ee
a. Pership
© Okean going ship and tanker
‘Domestic ship .

B. - .PHIGT

Ocean going sh_ip and tanker

 0.0795%=44R?[GT/30 days
- 0.035V5%=22R?{GT/30 days

|0.07Y53=44R2 [GT/24 hours
- 0.026Y5%=16.5RP[GT/24 hours

©30,700%% x 2 = 61 400RP
49.1US3 x 2 = 98.9US% fehip
20,400%P x2=40,800%P=65.28V5% [ship

14.95%P x 2 =29.9%F

Hatow Sa Pot

. Plot Ruepat Stoit m%tﬂsmm
§14.95R0 = 744 + ( 10.3 ; 4.8 y

0.0245Y5% x 2 = 0.049VS3 JGT

Harbous Ses Palol
Pl RKupal Streit Beagkalis Steail

© 0.0245U8% = 001 ¢ (0017 _+ 0008 ,

2



Domeéstic ship 9.95Rp '3 = 19.9%0 = 0.31USY)GT '

Harboe o, o Sea Pot
Filot Rumt Strast Benghhs38mﬁ
: ) 3
199Re = s 4 (O S—E)
<. Additional fee (delay elc. )
Ocean goirg ship o 70Y5%243 730%P Jship
Donseslic ship 35US3=218,750RP [ship
(4) Towage fee
Required lugbé-a-l Per.!ug'boal Per hour
LOA. L\umber . HP . | Oceangoing ship| Domestic ship | Ovean goingship| Domestic ship . |
71~100m{ 1 600~1,200 | 62US8x2=] 2458 |35 50680 x2= 168USS x2=334US5 68, S00RPx 2=
=38,500Rsx2=  [51,000Re=. =1G5,000RPx?=__ [137,000%¢=
1 77,000%p 816Uss 1210,0008%p _4’2]9 2Uss
105~150m| 2 [1,700~3,400] 62VS8 x2x2= 25,500RPx2x2= 1 168USSx2x2= 68, SO0RPx2x3-
248YS$=38 50072 102 000RP= 672US$=105000 1274,000Rr=
. .. x2x2=154,000Re {163.2Uss 1 x2x2=420000%p 1438 4USS
155~200m} 2 B,400~4,000] 90USSx2x2= 37,000Rpx2x3= | 245US5x2x2= . }100,000Rpx2x2=
360Us$=56 N00RS] 148,000Rs = 98OUSS=152 500 1400,000R9=
x2x2=224,000Rp 1235.8U$ x2x2=610,000%p 1640Uss . -
201~ 3 HO00~ 138UsSx3x2=  160,00089x3x2= |34)USSx3x2= = 1142,000RPx3x)=
$28US$=86 000RM 160,000 = 2,046U58= 1852 000Re=
x3x2=516,000Re |576Us$ 213,000%0x3x2  |1,363.2U88
=1,2718 GO0Rp ;

{5) Ropehandling fee
Daomeslic ship

6)5

it stsz 23 000“""36 3“5’/
fess than 70m ship

of the ocean going shaps are ships from the Indonesian metchant fleét and fees are

caleulated based in Rp. But the amounts are all convested to USS in this report.




" From items 2), 3), and 4), the numeric values showa in the following fable were oblained;

Shlp Type and Sue Number of Shup Calls by Cargo

L

Shsp ‘l‘ype and Sla _ Benh Oc-:upancy ‘l‘ime humbel of Ship Calls
Commodity | TodeType | DWr| 67 [LOh NevwiimarliExisitioa Wharl) g, [ 1935 | 1959
PGl | Ferepen | | [ T BN RN AR BEPE
@ Pescel Tankes  [26,000.16250) 170 : | . . 31 ~ 61 8| 10.
@ Déep TFank . . ‘ _
" For domestic use] 10900 6670|144 12 - 4] 8| s
, o | DPeced Tanker | 2300) 1438) 82 | w2 12 46 | 621 50,
« Sawn Timbes § @ Fos export 12,0001 8,0001 150 143 is8 i 12] a3
L ® For domestic use]’ l,té)ooi 6671 53 e B L R R A )
‘Fewdizer | © For domestic use] 8,000 53_361 135 } 123 L 192 20 23 s
_ | D For domestic use 5,000 3,335 102 ‘173 192 25 126§ 28;
Rice ® For impors Eﬁoﬁ‘s,_na 13s | 18s s | sfis{ 9
' @ For domesticuse] 1,000 667] 58 - 58 %01 81| ss
__ ) Fordomesticuse]  500] 334} S0 | - 33 90| 951 95
Patm Kernels | D For expont 10,000} 6,670] 144 54 60l 1of 15| 20
and Rubbes - |83 For domesticuse] 1,000 667] 38 - 72 o 25| 34} 45 ,
 GeneralCargo] @ For domestic use) 5,000] 3335] 102 | 152 169 20 ] 25
@& Fordomiesticuze]  300] 200} 40 - 15 150 | 150 ] 180
4 For import 10,000] 6,670] 144 159 210 71 1) .1
Total’ 557°1°630-| 716;
12 ‘Assumptions for Tanker Secfor

fl) Fri)'r'ﬁ the past recdrds and the capamlles of the hydrucmcker faclory at Pe;lamma and lhe
Caltex I)uma: Rer in¢ry, the number of ship calls by sh)p size is eslimated as follows,

2) Seiting unit charges
These are the same as those of the commiescial porl sector and are based on USS for alt
ships. But a berthage fee will not be charged.

Trade Type DWT GT LO.A (m) m'mbe' of ship Cﬂs
1987 | 1933 1989
For export 100,000 58,500 270 520 535 ss0 |
For doméstic ' )
use 35,000 20580 200 287 295 303
15000 1 8320 157 182 157 192
12,500 2,350 150 32 39 10
Totat B 1017 1056 | 1085




3) Oullook of petrcleum demand and supply and the growlh rate of révenue for the tanker
sector
The growth rate of pefroteum from 1985 to 1990 is 3.03% annualty fyoni the data “Ouilook
of enesgy demand and supply in the free world™ preparéd for the 3rd JEA Meeting and thus
an annual growlh sate of 3% is employed here for the years from 1982 (6 1989,

Outlook of Eneigy Demand and Supply in the Pree World Prepared for the 35d IEA Meeling
(Unit: Converted to } million barrels of 6l per day) .

| _Commodity 1975 1985 1990 ] 2000 ;.
ol 459 682 s} 930
Coal 153 »s | 218 3438
Natural Gas 148 19 A 2a 256
Nuctear Power 19 .65 10.3 B % 2
Hydro{Geatheimal s6 4 s ) 96 | 142 4
Total 840 1207 1433 | 190.6
. Ol Dernand and Supply _ __ o o R
- . 1976 _tess T w0 T 3600 ”’41
Demand , 459 632 745 ] 3o
Supply YR B
OECD Areas 120 16.5 I8 140
Non-OPEC Areas 55 - 39 s 130
Sublotal 175 254 270 ' 220 g
Expected Production by OPEC 284 388 o415 |, &0 |
| Possible Production by OPEC | 284 355 380 380
Demand and Supply Gap - - 8313 895 ] 8280




D

2)
3)

)

Revenues from Cargos

Estimate the cargo volume passing thxouig,h‘ the wharves of the Port of Dumai (Cargo

Forecast).

Separate the cargos handléd in to domiestic and ocean going cargoes (see Table 9.2.2).

Estintate the ¢argo volumes in the transil sheds and the open storage yard (se¢ Table 9.2.3).

Establish unit charges (Management aﬁd éper'éﬁoﬁ):.
Values are converled with a rate of 1USS$ = 625 Rp.

¢)) Wlmr!'age charge
a. Expo;lcargo
b. Non export Ccalgo
a) Palm oil, Ferlnllzér Rlce o
by Othﬂsmrgo '
f-.‘E Container. l a) Empl)
~ b) Loaded

(2) Tlansﬁ shed charge
© 48RP = 1.1968V5% [Tonj13 days
/ 44%P = 0.0704Y5% fToift ~ 5 days .
- 264R? = 0.4224US% fTon[6 ~.10 days -
440“? 0 704”35rronn 1 ~15 days

- (3) Open slorage chatge. o

" 374R? = 0.5984Y5% fron/1 5 days

/ 2IRP = 0.0352V5% fTonfl ~ $ days
13287 =0.2112Y%%fFonf6 ~ 10 days
\ 220“? =0. 352U5$rronf| e 15 days

'C)) Contamet charge , '
Eimply. ~ 550RP =0, 88"ssiThUIday
Loaded  1,250%? = 2USS fyEU/day -

(5) Crane rental -.fee'
2.5 ton forklify
** 5 ton forklifi
' 15 ton mobile crane
(6) Entey Permit
8 j_lon Track
8 ton Trailer

9OR® =0.144Y5% fTon

o 220*9 “0352U3s[T0n
" 275R% = 0.44U3 fTon
Re -oonz“”nm

" I$R® = 0.024Y53 fTEU

2,300%P = 3.68YS% fhous
2,650%P = 4.24Y33 fhous
6,000%? = 9. 6Y58 fhour

250%P = 0.4V5% fonce
300R? = 0.48VS% fonce



3) Assumptions made as a result of the detesmination of the unit charges

(1) Percentage of containerization (Port Plan) i
1988 ' 1989

Palm Kesnels | W% 20%
Rice -~ ... - . - 0% i 15%
General cargo _ 3% 17%

Container cargos of 20 TEU aie considered to be one 10ad of 7 tons.

(2) Capacity of cargo handlmg marhmes
One forklift: 20 tons per hour o
One mobile crane: 12 contaisiers per hour

{3) Capacily of tiucks in the walerfront area
8 tons for truck and teailer -

) Handling emply containers

The drfference in the numbeis (TEU} of incoming and outgmng {'on!amers as ralculated by
the percentage of coniame nzallon |s used as the nuniber of emply contamers

A 20% of the emply con(amen. will bé stacked on (he open s{orage

3. Other Revenues
(1) Land sent, revenue from the Health Center and inlerest on bank loans are calculated
with an annual growidi rate of 3% basing upon the l‘mancial data of the Port of Dﬁmai int 981.

(2) Intesest is calcutated for both the commemal port and tankes sedor:. dependmg upnn
the number of ship calls.

4. Revéiues of the Port of Dumai

Revenues oblained by the calculations described m Se‘ci:ion; 1, 2and 3 arc indicaled in the
table below.
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1. Case Study in Financial Analysis

.1 Analysis of Financial Statements

). Premises

(1) Eshmated financial statements are to be prepared for the farget period I'rom I984 to 2009
when the project life ceases.

(2) Present port iasiff as of 1983 is 16 be used for calculating sevenue.

(3) Cosls are to be based on prices in 1982.

(4) The amount of the projéct investment is lb be counted in the fi namiéi_statémehts i ac-
cordance with the fhree cases of fund raising melhods shown in Table L. (Relevanl to R/D

Paia. 14)

Table Hl-1 Fund Réisir‘_tg Method

Case

Foreizn curency postion (57.5%)

Long-term toan fidom foreign bank

Annval interést rate: 3.5%
Grace period: 10 years
Repayment period: 30 years
Term of loan: 40 years

Nationa) Development Funds, interesl frée -

Domeﬂh, cuney portion (42 5% )

2. Long-term loan fsom foreign bank
Annval interest raté: 1%
Othes conditions are the same as Case 3.
3. Long-ferm Joan from foreign bank

Annual inleiest rate: §%

Othes conditions a1 the same as Case 1.

Same as the Case 1

Same as the Case ¥

-

{5) Depreciation of fixed assels is (0 be based on the regulauons established hy the Gmemmenl
of Indonesia in March 1983, and life cycle is m be as set forth in Tabte 112, (Rele\ant o R{D

Para. 11}



Table 112 Depreciation Rate and Life Cycle by Facilities.

_ Item Bepreciation Rate 4 -+ LifeCycle (yeass) -
Quay (Concret} . S0 B - L ES
(Wooden/Steel) _ 0.1 ' 10
Open Storage 0.4 25
Warehouse 004 : SR | I
- Road . : S - . 005 o L P
Office Bullding . 004 ) 25
Water Supply 0.04 S A L IR
- Power Supply i = - 004 : : R |
Navigation Aujs 0.04 Co o 25;__ .
Cargo Handling Equipnént . or .y T
Vessel 1 bes T e
Bowy 0.04 o 25

) Ope;aling expenses arc to be calculated for two cases of expénses; expenses (Type A) selated
to the whale of the Porl of Dumai, and expenses related to the commescial port (Type B).

(7) Surplus is to be the same as that of the repori. '
3) All nenie ric i’aluo‘;s for the abo'g'.e are to be in USS 1,000.
1.2 Analysis 6f Financial Rafe of Return (FRR)

Method of an:iljsis is to be the same as that of the reporl.
2. Revenue

This is to be the same as Vlh:.i't described in Para. I in this repori. Revenue is separated into two
cases; revenue for the whote of the Porl of Dumai (Fype A), and revenue for the commercial port
(Type B). (Relevant to R/D Pasa. 13)

3. Expendilﬁr’es ;

E\pend;lures may be divided mto five calegones as in the repori; personnel costs, general
admmlslratne cosls, dép:ecmhon expenses and interest on loans.

4)) Personnel Cos{s S :

Personnel costs are the same 2§ lhose of the repo:t for Type A. Howevee, for Type B, the
personnel working in the Secrelarial, the Technaical Division, the Finance Division, the Pilotage
Division and the Fire Brigade is divided belween the tanker sector and the commeicial port
seclor on the basis of the ratio of the number of ship calls in each seclor.



(2) General Administeative Costs
The Calculation méthod is the same as that of the reporl,

'(3) Maintenancéf/Operating Costs _
These ace the same as those of the sepost.

{4) Depreciation Expenses

These are catculaled by cumulating the amount of depreciation basing on the depfecralson
rate and life cycle {Table 11-2) siated before.
.- Since the mean life cycle of newly m\esled assets 1o be dépreciated is 21 )ears the comple—
‘tion year of this project is sef to be 2009,

The fixed a‘ssels schedule after 1934 is lndicéléd in Table II-3.

.__.lo_
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(5) Interest on Long Term Loans _ _
This is the same as that of the report for Case [ (Table 9.3.6), and is shown Table 14 for
Case 2 and in Fable IS for Case 3. '
‘Table B4 Long Term Loans Schedule (Case 2)

© T (Unie: "000USS)

: . Projéct Cost TN NS IR
Yor i | tagten ] oo | e fosy B |1 it
lopri¢nt Loan | - Foan | _ : I B
1989 | 316 | 90 | - 1066 T 690 I 716
1985 a0 | o326 2| 4966 |oses2 o a3
1986 7508 12564 | 20472 - §owesie ) 1817
1987 goso 1 9350 | 3209 [ s L 2383
1988 4,503 6305 | 10,107 20w | s
1959 o B o losen ] 3k
1990 : ' | 301 | 352
1991 | - ' T30m | 3sm
1992 :- - o e | 35w
1993 _ . _ o209 ] 3529
1994 S R B 1069 - | 31010 | 34n
1995 | -0 1,049 29 | 39
1996 . _ _ 069 | wsn | 31
1997 - 1,069 2803 | 3058
1998 , . 1069 b2693 1 290
1999 N 1069 | 2sges I a8m
2000 : 1,069 24596 |° 206
2001 | 1,069 51 | 2588
2002 ' . o 1059 | 22458 L s470
2003 , 1,069 ca3se | 2383
2004 : - 1,069 0300 | 223
2005 ‘ 1,069 1935t {1 208
2006 1,069 18182 | 2000
2007 _ _ 1,069 12413 | 1882
2008 | S ] e | sl | 176
2009 o _ 1069, | w915 | 1647

“12—




Table 115 Long Tean Loans Schedule {Case 3} -

- (Unit: "000USS)

‘{-éaf‘::: N Project Cost - : Loachpaymtnl LoanBalance | Mteiest
ll\'ahonal Deve- | Long Term -~ Totat | - Amdunt:i- | . atEad . on Loan
opment Loan Loan e = . .
1984 376 2 T Teso f s
1985 1,701 3,262 4966 3952 | e
1986 | 7908 L owser | 20am | 16516 n
T1987 | 8950 o | aspm | 2808 | 206
1988 4303 | 6304 1,107 | e | 266
1989 | - | 32019 2,566
1990 32019 | 2566
9 . | Coo | e 1 2566
Tweer L Sl T T s ] 2ses
2 N T R | sl | 2566
1995 : S N T o0 | 235
1996 ' ' 1,069 28872 2,310
1997 C 1,069 21,803 2,224
1998 ' R 1.069 26,134 2,439
1999 | 1,069 25,665 2,053
2000 = - 1,069 24596 1963
2001 ' 1,069 23,521 1,882
2002 ' : : 1060 | 22458 1,797
2003 ' _ , 1,063 21,389 LM
2004 ; - | 1,069 - 20,320 - 1,626
2005" | ' : : - 1,069 19,251 1,540
2006 e _ : 1,069 18,182 1,455
2007 - R | 1,069 17,113 1,369
2008 ‘ . 1,069 16014 1,284
2009 o 1 1069 14975 1,198

—~§3-




4. Financial Situations

Financial statements for the years from 1984 fo 2009 are prepared in conformily with the
sevenués and expenditures described above. The estimated income statement, the statement of
~spurces and applications of funds and lhe balance sheets for the years from 1984 to 2009 al‘e
* respectively shown in Tables lL6 -7 and 11-8. ,

Financial statements are prepaced for the follawing four casés:

Cases Al, A2 and A3 “

Case BY
: (A and B deslgnslc the lypes of sevenue and operalmg EXpPenses, 3nd nume:als ! fo 3
~ desiznate the fund raising method.) '

- 4.1 Evaluation
The financial l}s(ids are the same as those of the report. The financial ratios are ci;_killatei!
- for each case and indicated in Table 119.

Also the financial rate of return (FRR) for each case is as indicated in Table 1-10. Calcuia-
tions of FRR for A1, A2and A3 arcas indicated in Table 1I-16.
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Table .9 Financial Ratios

Case | At . A2 A3 . Bl .k
' 1994~ | 1994~ ica 1 199~ 10 T 99
WorkingRatio | 45 | 45 | 45 as | as | e | s f s
Operating Ratio] -89 | 30 1z | ne 1 orwr | 10 | 28| 256
Reivipon Net | T _ o R _
Interest Eamned § © - L C _ C S T
Ratio | 196 | s 52 63 | &) - | -
Debt Service _ 3 : - I BT B
Coverage 407 | 263 - _‘280 233 385 292 - —~
Table 11-10 FRR
Case Al A2, A3 Bl
% 86 S =




1) Evaluation for Fach Case

(1) Case Al -
Same as the report.

+{2) Casé A2
Since the execution of paymient of interest on loans and depreciation will create a farge
burden, an avesage deficit of USS883,000 will occur in each fiscal period for 17 years from 1988

10 2004, but this deficit will disappear after 2005. However, this deficit will not obstruct the

Trepayment o6F plln(:ipal and intesest on loans in each ﬁscal period al‘ter the execulion of the
" piojéct: P : !

(3) Case A3

-For the same reasonas in Case A2, an avesage deficil of US$343,000 will occur in e-ach l“scal
pcnod for 11 yeass froni’ 1989 to ‘1999 bul it will disappear aflter 2000, However, this deﬁc:l

wilt not ot_rslmcl the repaymeant of pnnnpal and interest on loans in each fiscal period after the
execution bf the project, the same as for Case A2.

(4) Case Bl
A cumulalive defcnl of USSSZ 347,000 wﬂl occur for the’ entue period of 26 years from
1984 ‘to ‘2009 and the a\erage deficit of US$3,167,000 occurs in each fiscal penod This is
greater ‘than’ IO” of {he cumutalive amount of the depreciation of US$75,285,000. Therelore,
Cthe ‘operating cosls for the Port of Domai ¢an be covered with revenué from the commeicial
S poit séclor, but it was found thal the éxpenses fequired for the fepayment of principal and
mteresi on loans in each fiscal period and lhe exécution of depreciation cannot be ¢overed.

2) Countermgasures (relevant to !i[[j Para. 15)
Countermeasures for these cases will be described below.

(1) Case A2
If one of the following couniermeasures can be laken in order Lo repay the pnncspal and
interest on loans and (0 carry oul the depreciation in accordance with the corposate accounting
method, then a sound financial state can be maintained for the Port of Duinai:
a. T6 raise 1he present level of tariff sates by 20% after 1988. '
b. To oblain a subsidy from the central government at an average rate of US$883,) 000 in
each fiséal period for the 17 years from 1988 to 2004.

(2) Case A‘!
Ina slmtlar manner as stated for Case A2, a sound financial state can be maintained for the
Posl of Dumaa if one of the following countermeasures can be taken:
a. To raise the present level of tariff rates by 8% after 1989.
b. To obfain a subsidy from the central government al 2n a\efage rate of US$343,000 in
each fiscal period for the 11 years from 1989 to 1999.



(3) Case B}

In a similar manner as stated for Case A2, a sound financial state can be maintained for the
Po1t of Dumai if one of the following countermeasures ¢an be laken:
a. To raise the present leve of tariff rates by 170% afler 1984.
b. To obfain a subsidy from the central governmenl al an aveiage rate of US$3, l6’I 000
in each ﬁ_scal petiod from 1984_

The incéme stalement, the statement of sousces and applications of funds and the balanc‘é
sheel fos the countermeasures with raised levels of tariff rates for thé Cases A2,°A3 and Bi are
respectively indicated in Tables 11-11, B1-§2 and 1I-13. Corresponding financial ratios are shown
inTable ll—l4

-Also, financial sates of réturn (FRR) for ali cases are shown in TFable 11-15. FRR for lhe
Cases A2, A3 and B} is respectively shown in Tables 11-17, 11-18 and 11-19. '

4.2 Conclusion

Case A1 is the same as that of the report. : : c
. Frem the reésults of the financial analysis of the Cases A2, A3 and Bl it can bcseen that the
soundness and the profitability of this project can be ensurcd by raising the current tariff rates. .
Introduction of funds from the central government to secure financial self-support, seems {0
be a recommendable altesnative since this project conlributes greatly to the Iegmnal development
and is expected to yield great bencefit to the natiopal economy.
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Table H-14 Financial Ritios

Case - . A2 . A3 Bl i

Item 989 [ aoei~ioos | 1989 | 1994~ioge | 1989 | 1994~3998

Working Ratio | owm ol owm CER S I A e | 8

OperatingRatio - . | 98 | o 9§ 9% | 9 ]

Retumn on Net

Fixed Assels 5 10 4 | B TR T TR M T

Interest Earned . S T -
Ratio 18 -] 16 1093 | - 121 105 T 134

[ Dbt Service T - B o RS
Coverage ) B4 RN R YA 245 .4 - 219 ¢ 48 231

Remarks Operating Revenue 20% up ’Operalin-g'Refenii'é- $Sup Operating Reverne 170% up

_Table }1-15 FRR

Case A? _ - A3 ‘ l?l;
% C 123 ' ER U 67

Remarks Operating Revenue 20% up | Opeating Revenve 8% up | Operating Revénue 170%

—24—



Table 116 Finaicial Rate of Retuin Calculation Sheet

(A1~3Cak) ot '36506368&)
o Yea; _. ' B}!:éﬂée Dis\c;g&r;ted '
| QNG ®-0)- ®-0)
1 0 51,066 A 106600
2 9ss 0 a'4.966 8457433
3 0 520,472 1731042 1
47| 198 4825 813384 81046043 |
5 ho9ss 5423 & 32984 58,3080
6 | 1989 o 5467 5,467 T 360539
1 90 T 0 5,467 5.467 333946
87| e o $,467 5,467 © 307608
97| 1992 6 5467 5,467 283347
10| 1993 "o 5,467 5,467 " 261000
7] 1994 0 5,467 5,467 240018
127} 1995 0 5,467 5,461 © 221858
i3] 1996 ‘o 5467 5,467 203988 -
14 ] w997 0 5,467 5,467 i 1,87899
15 ] 1998 0 5467 5,467 1,730.50
16 | 1999 o SA6T 5,467 159439
177 |° 2000 0 5,467 ‘5467 1,468.55
187 | 2001 0 5,467 ‘5467 1,352.73
19° | 2002 0 5461 5,467 1,246.04
30° | 2003 0 5467 5,467 1,847.76
21 2004 0 5467 5,467 1057.24
3 | 2005 0 5,467 '5.467 973.86
3| 2006 0 5467 5,467 §97.05
7] 2000 0 5467 5467 826.30
25 | 2008 0 5,461 5,467 761.43
36 | 2200 | o 5467 5467 701.10
7 Total $5,820° 124755 63,935 00

—95-




Table I1-47 Financial Rate of Retum Cakeulation Sheet

. FRR = 12.65%
(A2 Case) (Unit: "000US3).
Yeur ' Balance ’ Disgg;:un;ed
Con () Pho (B G0 G0
1 1984 1,066 0 A 3066 ] .8 1,06600
2 1985 4966 0 s 4966 A 4408.19
3 1 1988 20412 0 830,472 . 81613123
a | 1es2 18209 4835 - A13384 . £936153
s | 198 11,107 6988 & 4,119 L 8255744
6 1959 0 7442 7442 L d00164
7 | 1990 o 2,442 7,442 . 36409
8 1991 ¢ 7,442 7,442 . 323195
9. 1992 0 1492 1,442 . 2386892
16 | 1993 0 7,442 7,442 . 2546.61
1 1994 0 7442 1492 . 226061
12 1995 0 7443 7442 2,006.68
13 1996 o 7,442 7,442 1,781.28
14 1997 0 1442 7,442 1,581.20
15| 1998 0 7442 7442 1.403.59
16 1999 0 7,492 7,442 1,245.93
17 2000 0 7,492 7,442 1,105.98
18 2001 0 7492 7442 981,75
19 2002 o 7442 7412 $7147
20 2003 0 7412 7,442 173.58
7 2001 0 7442 7,442 636.69
22 2005 0 7492 7442 609.56
23 2006 0 7442 7442 54109
2 2007 0 2,492 7442 450.31
25 2008 0 7,442 7,442 426.36
26 2009 0 7442 7482 . 37847
Total 55,820 163,095 us ., 032
Opaiating Revenue  20% up



‘Table 11-18 Financial Rate of Return Cakiulatién Sheét

(A3Ca%) " - {Ll:;:::’éggl?‘ré)
o Co(e) - | Phofit(s ®-0) B-0
1 -] 1984 1066 ) a106 | 5106600
2 | oess 4966 0 4 4965 5 451038
3 1198 20412 9 a20472 81688780
a | 198 18,209 4838 213,384 210021.79
s -} - 1988 11,107 5423 5 5984 A 507209
6 1989 0 6,257 6,157 - 386121
7 1 1990 .0 6257 6,257 © 351241
8 | 1991 0 6,257 6,257 ' 3,i90.i5
9 U 1992 -0 6251 6251 259746
10 1993 0 6251 6,257 263163
i 1994 0 6251 6,251 2,390.18
12 -] 7 1995 ) 6,357 6,257 ©2,170.89
13 ] 1996 0 6,257 6,257 C1L9n.n
14 1997 0 6,257 6257 1,790.81
15 1 1998 0 6,257 6257 162651
16 | 11999 S0 6,257 6,257 1,477.28
1771 - 2000 0 6,251 6,257 1,341.74
I8 - 2001 0 6,257 6,257 1121864
19 | 2002 oy I 6257 6,257 1,106.83
20 | .: 2003 -9 6257 6,257 1,005.28
21 | 2004 L0 6257 6,257 913.05
23 <1 © 2005 0 6,257 6257 $29.28
23 | ¢ 2006 0 6347 6,257 753.19
24 1 2007 0 6,257 - 6,357 631.09
2% L 2008 -0 6,257 6,257 621.33
26 ] 2009 o 6,257 6,257 56%.32
" Total 55,820 145345 5,525 - 001

Operating Revenue  S%up



Table 11-19 Financial Rate of Retusn Calculation Sheel

FRR = 6.65%
(81 Case) (Unit: 'OOOUSS_}
. . Batance Piscounted
Year Project. Opesating @-=°) (E al“é)
Cost(C) Profit (B} . e
) 1984 1,066 ) 41,066 - A 1,066.00
2| 198s 4,966 0 & 4,266 -8 465638
3 1986 20472 . 0 A20473 81789331
4 | 1987 18,209 3,352 A14,857 89224735
5 - 1988 11,107 4,061 & 7046 B 3,445.:0
6 | 1989 0 4,807 4,507 : 348380
7 | 19% 0 4,807 4,807 . 326654
8| 199 o 4,807 4,807 ;306284
9 1992 - @ 4,507 4,807 . 287184
10 1993 0 4,807 4,507 . : 2,69275
1. 1994 0 4807 4,507 . 2,52483
12 1995 0 4,807 4,807 -+ 2,361.38.
13 1995 -0 4,507 4,507 221975,
14 1991 0 4,507 4,307 - 208).32
15 1998 -0 4807 4,307 o 395153
16 1999 0 4,807 4,807 182983
17 2000 -0 4,807 4,807 111573
18 2001 0 4,507 4,807 1,608.73.
19 2002 0 4,807 4,807 1,508.40
20 2003 0 4,807 4,807 1,414.34
20 2004 0 4807 4,807 1,326,844
22 2005 0 4507 4,807 124349
23 2006 0 4,807 4807 1,165.90
24 2007 0 4,507 4,807 S 109349
25 2008 0 4,507 4,507 102502
26 2009 0 | 4,507 4,807 - 961.10
Tolal $5.820 108360 52,540 - 048

Operaling Revenue 170% up




111, Tidal Hamionic Analysis

Flow Chart for Tidal Harmonic Analysis

Read observed difa and astédnoiical parameters

Lt 3

Catculation of astronomical elements

- Orbital elements
.~ Faclors varying by a pesiod of 18.61 yeass
: : o (s¢e Appendix 1) -

o 5

- - Solution of linear equation system -
by method of least squares -

(sce Appeadix I1T) -

Y

Harmonic ¢conslituents

- Amplitude
Phase

1

Prediction -
Comparison obsénved data with predicted data




Appendix I Cakulation of astronainical elemenls
1. Calculation of astronomical elements s, p.N

The values of the lunar and solar orbifal elements s,h,p,N at zeso hour G.MT. are gnen ?)y th
following formulae to obiain the values of a factor  and an angle u varying in a period of 8.6}
years.

s =277°025 + 129238481 (Y — 1900) + 13°17640 (D + £)
h =280°190 — 0223872 (Y — 1900) + 0°98565 (D +8)
p = 334°385 + 40°66249 (Y — 1900) + 0°11140 (D + %)

N =259°857 — 19°32818 (Y — 1900) — 0705295 (D + £)

Where, Y: the year
D: the number of days elapsed since January Ist in the year Y
®: the integral past of (Y-1901)/4 j.e., the number of leap years between l900 and the
Year Y excluding Y, as the teap day in this year is counted in D ‘

The increments in the angles per mean solar day ate the coefficients of (l) +R)and ihé incré—
ments in a year of 365 mean solar days are the ¢oeflicients of (Y-1900). ’Ihe factors Y and D
are the middle time during observation.

2. Calcalation of hoda! variations _

To make use of the forcgoing orbital elements, the values of f and u for elen‘nenl}ny hasrmonic
consfituenls are given by the following formulae,

The suffix of f and u is a notalion corresponding to the number of harmenic constituents indicaf-
ed in Appendix 1.

fy = 1.0 - 0.1300cosN + 0.0013cos2N
f =1.0429 +0.4135c0sN — 0.0040cos2N
f, = 1.0060 + 0.1150c0sN — 0.0088c0s2N + 0.0006c0s3N
My = 10129 + 0.1676c0sN — 0.0170cos2N + 0.0016cos3N
f15 = 1.0089 + 0.187kcosN — 0.0147¢0s2N + 0.001 4cos3IN
f15 = 1.1027 + 0.6504cosN + 0.0317c0s2N -- 0.001 4cos3N
£22 = 1.O241 +0.2863cosN + 0.0083cos2N — 0.001 Scos3IN
fisc0suyg = 1 - 0.2505c0s2p — 0.1102¢0s (2p - N) — 0.0156¢0s (2p — 2N) — 0.0370c0sN
£y, = 1.0004 —0.0373cos N + 0.0002cos 2N '
5 =0
ug = —23774sin N + 2768sin 2N - 0°38sin 3N
= —8%86sin N + 0%68sin 2N — 0°07sin 3N
¥ the Greenwich mean time




—12°94sin N + 1734sin 2N — 019sin 3N
= 10 '80sin N — l°34sm 2N+ 0°19sin 3N

36°6851n N + 4°02sin 2N — 0°57sin 3N
—lﬂl?"?dsm N +0°68sin 2N — 0°04sin 3N

f,gsm uye = =—0.2505sin 2p 0 1102sin (2p — N) — 0.0156sin (2p - 21\) 0.03705in N
= _2714sin N

The procedure will be iltustrated for the case of the consmuent M,. The values of f and u are
given by the follomng formulae,

f',eci’:-s Uy, ;=' 2cos p + 0.4cos (p - N)
fypsinu,, =sinp #0.2sin{p — N)

if the right-ha nd terss above ¢quations are €qual to a and b, we then have

f,,cos u” =a
fusm ulz b

and we can then obiain the following relations.



The values of f and u for harmonic conshtuents excepi above meationed elemenlary ones are
given by the following relationships where “known” l'e:ms are aiready calcu?aled above,

fy =1

f, =t
fy =known
fs =F(known)
f, =Xknown
g =

f, =known
fg =

fg =1
f10 =

fu =

f,; =known

f,3 = 4{kriown)
f14 = known

fis =My

f;s = known

f;; = £33 (known)

fis = Iye

fi9 = known
F0 =fyg

i =fie

M, =fis

23 =f1e

f34 =

fas =

fae =

f2z = known

fzs = kno“‘n
f13 = 3 {known)
f30 =15, x5

u, =0
u, =0
u, =0
Uy =ﬁu,,(known)
ug = known
Uy =
u,; =kaown
g =
u; =
Uy =0
u,, =0
2 = kndwn

3 = U4 (known)
wyy = known
Ugs — Uy
;¢ = known
;3 = Uy, (known)
Ugg = —Ugg
ug, = known

Uzo = Ugg
Uy =g
Uy = Uyg
Uzy = Wyg
Uyy =
Uys =
Uy =

U, = knoéwn

U = Known

Uzg = Uy, (known)
uz =0

£y =13 X f14
f3; = known
f33 = f;i

f34 = fys

f3s =63y XMy
f1s = 05

f3; = I3

f3s = f3

I3 = f3

f40 =33 x5
fg1 =My X Ty
fo2 =0

fa3 =1, x 1y
Fas =Ty

fas = (520’1
fog =g x My
143 =

Mg = f32

fa9 = T2

fso = T2y x M5,
fSI - r3l

fs2 = fyx £y,
fg3 =T,

fss =1

Iss = fgp

rS& - fS?

(PPl PYR 3 PN
f =15

fso = 3 x 1L,
fen =fso

'l.] U1 "'U;q

‘i.f,‘, = known
Uy # Uy

Uz = Ujgg

U3 = Uy,
U3z = Uy
U3z = Uy
Uzs = Uy,
Wi = 2 Uy,
Uy =2ug
Uy; = U,

Ugy = Uy $ Uy -

Ugg = Uyg st

g3 =
Uyg = Uy
g =13,

Usy = Hyy T Uy,

Ugy T Uy,
Us; = 2 uy;
Uz = Usy
Ugy = Uy,

g5 T Ugy
Ugg = Ugy

gy = Uy Uy,
Weg = Uy
Usg = Uy g

Weg = Ugg



Now, the values of an angle changmg steadily at the niean spééd of the constituent (Vg) are
given by the following retationships to make use of the foregoing orbital etements s.h. p where

t¢ is the original time of the middle day during obsenattons

Vg, =hto,1,

Vg, =2 +o,t,
Ves =s-ptagt,
Ves =2s -2h +o4t,
Vgs = 2s+o4ty
Vg; =l80°+ Gglo .

Vg ERE90° toaty

Ves =-h'#270° 4045
Ve, = -2h+193° 4 g1,
VE1o = 2h + 168° + 0401,
Vey = 3h +90° + a0,
Vg1 = —s+h +90° + 0,1,
Ve s W e p+90° $o,50,
Vg =s+h —p+90° topl,
Vg5 = s+ 3h - i+ 90° + 035t
Veie = <25 Eh$270° § a8,
Vi =-2s+3h+90° + onlo

. VBis = —Veggs Haplg ~
Ve =25 th+90° + 0,010 -
Vg0 = ~3s43h —p +270° + 04(,
Ve = -3s 1 $p+270° + 0,1,
Vg = 45 + 3h £ 270° +03;4,
Vess
Vgri-: L PYL PN
Ve;s = ~h +282° '+o,'5'(o'
Veze =h 258 + oyt
Ve =2h+ d:ﬁ to

Vg =-s+2h —p ¢ 180° +o,ety

Vgae = —_S;l'l')"l‘ 180° tauly

C Vi

"45 + h + 2[5 + 2700 + ﬂ;;lo

: Vga = Vg, + vSM '

Ve = —2s t h t oy,
Vess = Ve Yoty
Vs = Ve + Ve

Vg5 = Vg3 +Vey — Vi

Vs ='r—3s+2h*p+o3610

Vg;, H3S + 4h = ]5 T 0317(9
: 45+ 4h + 0.k,

Vg3 =-4s+2h'+ 2p toply

-

Vg:o = Vgsy + Veas — Ve

1= Veis + Vin
Vg_“ Vg, + Ve,

Veay = Vg t Ve,
Vegy = Ve + ngi
g Vg45 =35 + 3h+ 1800 +045io

Ve = Vege + Vasy
Veg = oate

Vess = Veae + VEys
Ve = Vi # Vass'
Ve = Ve +VEy,

- Vgsg = Vgay + Vg, |
Veoy =2Ve,

Vgsy = Vg3, + Ve,

: Vg_si = Vg3 + Ve,

Vgss = Veg, + Veg,

"Vgeg = Veay + Vs

Vgs: = Ve 1 Ve
Ve = Ve t Vea
Viss = Ve 1+ Vo
Ve = Ve + Vs,

.-\s mentioned above, we have 3Iready oblaanéd values for Vg and u for each conshtuenl lhus
»\e now obtain (Vg ¢ u) for each constituent.

—~33—



Appendix Il Sohstion of linear equation system
I. Solution of lineat equation sysiem
First, suppose that a tidal height h(t) at lime { is given by the following formutae. .

h{t) = a, coso,t +a, coso,t+..... creninn teeea ¥ g COSOnl + 34,

tby sing it +b, singyt+ ... N b sinogl cnannnn., seees (1)
Where, 0, 02 -..., 0% are known angular velocities shown in Appendix 1, and a, ~ ag

by ~ bgy are unkaown values that we are aliempling to oblain. Nexl, suppose thal-lime origin
is during the middle of observation and that the number of values for hourly tidal heights are
{(2ntl) from the time —nfon. :

We can get the following 0b§er_vation3l equations are thus obtained:

h(-n) =2, cos{—nd;) +a; €08 (00} + coorrrvererere.. +ag os(—nog) tag .o )
by sin{—ne;) + by Sin (NG} ¥ +bgy 510 (=nogs) - -
h(-ntl)=a, cos(-ntl)o, +a, cos(-n¥l)o, +....... *ag, cos (—n+ij_am tag
by sin{—ntl)o; th, sin{—ntl)o, + ... bes sin{(—nt1)og ;
h(0)= a2, cos0 ¥a, cosO+...iiiniiininns +ag, cos 0 +ag,
+b,§in0 +b, S0+ oo $bepsin0 @
h(n—-1)=a, cos(n-1)a, +2; €3 (N-1) Gy +.ceeeeee. Fagg CO5 (N—1) 0y +ag
tb,sin(n-1)a, tb,sin(m—1eo, + ... 1+ b,y sin(n—i)osg.
h(n) =a,cosno, ta,cosno, + ... et e tag, COS Nogy + 25,
+hysinno, +bysisno, o, + bey Sin Nog, ;o

From eq (2), normal equations are given usirng the following fmmulae..,

n L ~
[:?_n h(l)cosﬂltzﬂ",lal *ﬁ.,;a; ¥ terimmanecee ‘I‘ﬂ'l,i'aj"'.. ..... y .l.i+a‘,$|l35|- )
n . N -
l=§n h(') <0s 02[ =00,y + ;,33; Fol ‘l‘('(z,i aj o +&2!$l?6|
n . .
l}i“ W) cosot =0, a; tagpa, +ol o3 b H G, 34 o o P)
.......... Vi
n )
(:EE“ h{1) COS 0ot = gy, 14 Yo, 3, Foll 'ﬁm,iaj'l' __________ *aﬁojbiaﬁt
n ]
(=2ln h(t) =05y, 1a; F Oy, 233 Yo, tog, a5 ¥ YO, 030 )




n .

(2 BOsho 028, by g 2by + Jfg,',:,l;_, t o 4B, erbeo
E h(l)sma,t-—ﬁ,,,b, *ﬁl,gb; .......... ‘!’ﬂg,jbl"’ .......... f’ﬁ;,wbm
% h(Dsino =g, ,b, +8;,,b, +......... tBLiby ... +Bi, eabeo

From ¢qs. (3), (4), o, aregivenas: .
i 01"0-
“sin (2n%l)(T) “sin (ZHH)( )
7 . o . {9 *o,)
2siff-+ % 2sin[ L
s:r( ) sm( 3

Where, land jare mtége;s from l 061,
And ﬁ,,; afe gl\ onast '

Sm(2ﬂ+l)(0‘ "') tm(’.!ni-l)(o‘ a,)

ﬁlli

Whm iand j ; are mleger:, from l to 60.
Ifi=jinegs. (5) and (6), then the follownng relationship ob!ams

Oj—‘lji

G;—0; N 2
2 i ( ' ‘)
sin 2

especially oy = 0, 50 that ogy, ¢y are given as follows:

O, 0 =20t}

—— - o N e
25111(0’—2'0’—) ."2 sin(é’%’—)

= (8)

Tﬁus, we can gel coefficients o ; and Bi,5 for eqs. (3) and (4) if (2nt1) is given and if o is given

(see appeadix 1H).

And, from hourly tidal hights and « in Appendix I, we know the lelt-hand terms of egs. (3),

(4)



Thus, normal equations (3) and (4} are solved, and values are oblamed for a, ~ 341, b,“ ™ beo:.
As for harmonic conslituents, to obtain these from (1), we write’ v

h(') = SO + R] COS (0| t"i’]) + Rg COS (01 t-’-t;)‘l' ..;...._... + Rg,o COS (060‘ ;-50)
So + Zil); cos [(Vetu); +oit — g;} .................... Q)

H]

Then, the terms M; and g, in ¢d (7) are obtained through the foMlowing relationships:

S =ag

. b;
Ry =/a? +b? , §;=tan! ‘3'

Moreover, after calcutaling f; (Vgtu);, the harmonic constituents H;, g K; can be'oblained: 7

R; .

W= o g =§ t{Vgiu);, K;=g —n L+6;S. e (8)
i S

Where
™, 050 asulfix (n) of the constituents and an argular velocity (x) as shown in Appendix l,l_lj
L,S: longitude (unit in degree) of the specified place west of Greem#_ich and_l‘slaqd@.rd Alih;.c
S hours later than Greenwich (symbols for L, S are “+” at wesl longiltide, or “—*at
east longilude)

._'36._



Appendix 111 Hannonic Constituents

ﬁ?,';,’,'f’ No.l n ¢:’§$; C&g;‘:’ No.|n \ée';%ocu:i‘; (';?12;“' Mol n \';':1%'3:?;
g /) (3]
S2 _1|ofo0u0sss] s, | 24 12 {300000000] s, 47 | 4 | 6070000000
$sa 2|0 oosaizns| T, | 2s|2{209ss9333| sk, |43l |c00s21373
[ Mm 3{0| osa3rar] R, | 2602]300510667| Ms, |49|4 |ssosa1082
MSE 4fo] vorssoss] -k, | 27ladz00sm3ms| wmk, [s0la|so0ce2ars
Mr S0} 10980331 L, 28 12 29.5284789 SN, 5114 | 584397295
A 29 {2]294ss6253| M, | 's2]4 579632084
S, 61 [15.0000000] MsN, | 30]2)305843247] mn, | 534 |s2.423833
X, 7} [1s0t10836| k1, 31 {2 |306265120| o
P, 8{1 [1a9559314| 1, 3212 ] 289811002 asM, | 54l 6 |ssos1042
2 ol Jrasmsenr| asm, | 33 (s |mossoss|  Msk, | ss|s |sv0se2a1s
v 101 |15.0820353| op, | 31]|2]289019669| ims, | 56| 6 |87.9632084]
[ e, 1|1 fisaenese|  Mks, | 35 |2|200ss2015] 2nx, | 57 6 | 880503457
M, 12| 1 brsao20s| w, 36 {2 [ 284397295 Mswn, | s8] 6 | 874238337
8, 131 [iss125897| &, 37228515831 m, 59| 6 | 869523127
5, 141 [issssasz| o 38 |2 } 279682034  2my, | 60] 6 [26.4079350
 x isfr [rasessare|  on, | 39|2{d7s9s3sas| s, 61{0| 00000000
» 1611 | 132130356  MNS, | 40 |2 274238337 -
M, 1701 |140054729|  0Q, | 412273416964 - )
so, | 8|1 |160s696a4|
00, | 19|t hesoronr] sk, | 42 |3| 450110686 ]
2 20| 1 [izamsias] mk, | 43 |3 | as02s1720 i ]
Q | )1 133986609 s0, 44 |3 | 439430356
6 - 2211 | 129271398 M, 45 |3 | 43.4761563
- 2q, 23|11 | 128542862 Mo, | 46|3|429271398

Nole: Marked constituents are shown in Table 3.2.).
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