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'-1Preface =
At the request of the Government of the Kingdom of Thailand, the :;r

- Government of . Japan has decided to conduci .a feasibility study for- the Sea=
Berth. Construction Project at’ the Sri~Racha o[ Thailand as part of . Japan 8
' overseas teehnical cooperation programmes, and entrusted its exeeution to:
the Overseas Technical Cooperation Agency, the predecessor of the Japan
_Internatjonal Cooperation Agency (J I CA)

- The JICA sent the survey team of 8~members, headed by Mr. Osamu Harada,_ .

:'Director-General of the Fifth Ports and Harbours Bureau of the Ministry of

Transport,. to Thailand and carried out the fcasibility study on the project .
. froim February 13 ‘to January 17 1974 .

o During its study in Thailand, the’ team prepared and submitted an interim7-
report to the GovernmenL of the Kingdom of" Thailand. After its return to
Japan, ‘the team continued to-devote its eéfforts to- complete the final .report
- by studying the project carefully and reviewing the collected daLa. R

, It gives me 4 great pleasure if this report,.which I am: submitting here
;=with t6 the. Government of the' Kingdom of. Thailand, wiil contribute to promote
" the- progress of the project and, at the same time, serves to enhance the .

-economi.¢ development of Thailand and the Iriendly relations now existing

_ between Thailand and Japan.,,

I take this opportunity to’ exprese my heatfelt gratitude to the Govern— '
‘ment of the Kingdom of Thailand. and the staffg of the Thal Authorities con-
' cerned for the helpful cooperation extended to the team,

'Shinsaku Hogen
President

Japan InLernational Cooperation Agency

March' 1975



Ko 8hi Chang {sland ' Cape Laem Chabaiig

Oil tanks {ESSO on the right, SUMMIT on the left,
and TORC in the left hack)



Manifold of SUMMIT dolphin
for 680,000 DWT tankers

Ban Phra Reservoir
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1. SUMMARY, CONCLUSIONS AND PROPOSALS






SUMMARV CBN[}LUSIUNS ANB PROPGSALS

Various studies were made with an emphaeis on the period between 1980

i and: 1985 in this report.,;

iu‘: Imported orude oils in Thailand

“(i) Basic standboint

" The demand for peLroleum was predicted on the basis of the
ffollowing standpoint.-- :

1):1 The Third National Economical Plan of the Thai Goﬁernhent was
: basically used for setting an economic frame, However, sonie
"*_adjustments were made on the basie of ‘the. past records.

2) It is quite difficult to- ake a long~range and accurate: pre- _
© diction of demand:for petroleum in this period ‘of 61l crisis.
3'Under this project, the prediction was made by obtaining the =
. demand for petroleum for accomplishing the economic plan
‘within the adopted economic frame, : : :

JV3) 77The period was’ divided into tvo terms,.namely, 1980 «f1985 :
Lo '_(first ‘term):-and . l985!~ 1990° (second term), g :
The prediction for the. sceond term may not necessarily be

highly accurate for the given redson, but the prediction for

_the first term seems: quite accurate 1n view of the trends of -
i 'enterpriseo v e ‘ '

‘(2) 'Future economic frame

The estimated population GNP and GNP per eapita in 1975
1980 1985 and 1990 are given below .

_ 1975° A ;ggg
Foooietiqn~} _ ; 42,2 miliion,i. 7 49.l_miilion
o _5'1":50...l.+:rbi;1;1‘i_oni_l:}§: ‘ 1182.6 billion ¥

‘.éﬁP pet:eeoita. R “3j6”tnousend'ﬁ ' 3ﬁ§'th5§§and ¥
B B 129_9_". -

Populacion 56,4 millfon 64 i million
GNP S : 217 5 billion B 254 0 bi]lion B
| GNP per capita - 3 g thoueand 4.0 thousand B

(Note) The“aotual price of 1962 was’ adopted for GNP and GNP
per capita._' , :



(3) Future demand for ehergy
The Following Figures show the estimated demand:fbr total
energles, demand for petroleum energy, demand for dmported crude
oil energy and their ratio {n 1975, 1980, 1985 and- 1990,
. ' Impofted Crude
Total Fnergles Petroleum Energy - Qi1 Energy i
12 : 12 .
- — “K-Cal
Lo7s 90.610‘ K~Cal 7&.910 K Cal 63.610 K~Ca
{100.0%) {82.6%)Y{100.0%] [85.0%]
12 a2 12
- - 0""K-Cal
1980 129.210 K~Cal 103_010 K Qal 92'7,1 K-Ca
, (100.0%) (79.4%)[100.0%] [90.0%]
12 ‘12 : - 12,
Lo l?S.llQ K~Cal 145.510 K—Ca} 136.7;0 K-Cal
' (100.0%) {(81.7%)1100.0%] [94.0%]
12 12 12 .
105 236.810 K~Cal 197'010 K-Cal 187.1%0 K-Cal
(100.0%) (83.2%)[100.0%] [95.0%]
(4) Import of crude oils
Thailand's estimated import of crude oils in 1975, 1980, 1985
and 1990 is gliven below. :
1975 1980 -
Import'of 8,800 thousand KL 12,800 thousand KL
crude oils
1985 1990
Import of 18,900 thousand KL 25,900 thousand KL
crude olls
2. Natural conditions and navigation conditions in Sri Racha Region

(1) Natural conditions

- South-west wind prevails in summer and north-east wind pre-

y
_vails in winter, The maximum wind speed through a year is
20m!3¢c. Wind speed is below 8m/sec. for 95.4% of a year.
o 2) Fgg-is_light. The annﬁal mean -visibility ds 11 km.
3 The monthlj mean temperature is 26 ~ 30°C. The difference

between the maximum temperature and the minimum temperature
1s 5 ~7°C,



4)

5)

6)

7}

- 8)

9)

10)

The annual amount of rainfall is 1235mm. Rain falls are at
least 15 days per moith during the rainy season (May ~
October) and are 6 dayd or less during the dry season
(November ~ April)

Thunder storm 19 frequent in April ~ May and Septemberrw
October. ‘It is extyvemely heavy.

Wich regard to tides, H.H.W.L. is 1.80m gbove M.S.L. and
L.L.W.L., is 2.48m below M.S.L.

The tidal current is HO20° in the case of obb tide and N215°
in the case of. flood tide. (Max. 1.5 kunot)

the maxiMUm wave helght 1s 3.6m. The wave height is 50cm ox
below for 330 days per year. There is no swell,

No earthquake occurs.

1Si]L, sandy silt ot silty sand. i3 found in the subsurface.
Basement is exposed on the east and the west coasts of Sichang

Island and near the southern seaside of Sri Racha.

The hill district of Leam Chabaug has good soll condition,
but the rear district has alluvium Ko Sichang Island is a
platform consisting of stiff foundation.

(2) Navigation conditions

1)

2)

3)

4)

5)
%)
7)

8)

9)

10)

Tankefs of 250 thousand DWT class (max.) can enter Sri Racha,
(The draft is assumed to be 20m.)

The navigation channel is shown in Fig. IV-15.

The navigation dids that shown In Fig. IV-15 are
reguired.

" The water depth of 21 ~ 22m is secured.

Tidal‘current'should:desirably be below 1 kunot.

Wave Hedght nust be below 3m.

Wind speed must be below 15m/secc,

A fixed type or multiple buoy type sea berth requires 5L long
water area, vhile a single buoy type sea berth requires 5L ~
7L_1oug water area,

The points A, B, C in Fig., IV-16 are most promising as the

sea berth construction site.

Tag boats must be ready.



(3)

Comparision of constructlon sites

1)
2)

3)

The point C has the best natural conditions.
The point C has the worst navigation conditions.

The points A, B, C are almost equal except a few conditions.

3. Sea berth systen

(1) Sea berth system
1) A common sea bérth system is assumed, The scope of the feasi-
bility investigation comprises a sea berth, a submarine pipe
line, and a ground or submarine pipe line to a primary crude
oll storing facility and a petroleum énterprise.
2) A sea berth system at the points A, B, C is set as below.
Point A /Sea berth ~ West of Ko Sichang Island
Buffér tank - Ko Sichang Island
Pipe line ~ Sea berth ~ Ko Sichang Island
~ Leam Chabang
Point B /Sea berth — South of Ko Sichang
Buffer tank - Leam Chabang
Pipe line - Sea berth ~ buffer tank
Point C /Sea berth - East of Ko Sichang Island
Buffer tank — Leam Chabang
Pipe line - Sca berth ~ buffer tank
{2) Scale of system
1) One berth can handle 16 million KI. of crude oils.
Two berths will be necessary after 1985,
2) A buffer tank has the capacity of 150 thousand KL/ﬁnit.
Two buffer tanks will be necessary in Ko Sichang island in
the case of Point A. One tank is necessary in the case of
Point B and C. Another tank will become necessary after 1985
at all of the three sites.
4, Land and water
(1), Land
1) Land of 1,340 ha 1s available on Leam Chabang side, and land
- of 65 ha is available in Ko Sichang Island.
2)"  The cost of land reclamation is 6 ~ 10 times as high as

purchase price,



(2} Water

Multi~purpose use of Bampra Reservoir must be planned. A
closed system based on water clrculation must be adopted at
refineries for efficlent use of water.

5, Pacility desigi and construction schedule
(1) Faellity design
1) A fixed type dolphine sea berth is adopted for this project
for 1t8 navigational, safety and long-~range economic ad-
vantages. '
2)  The berth layout is shown in Filp. VIiI-3,
(2) ‘Construction schedule
1) Two-yehrs are allowed for the construction of the first one
"~ berth; The first one year will be used for designing and
purchasing materials and. the second year will be used for

actual comstruction works. Works are to begin in 1976.

) One year 1s allowed for the second sea bérth.
Construction works_are to begin in 1984,

6, Construction costs and maintenance costs

(1) Construction costs

The construction costs at the three sites (A, B, C) are esti-
mated as below for plans X, Y, Z, separately.
(Unit: Million ¥)

Plan .
Stage ‘ X Y Z W
Site
st 1,153 (920) | 1,212 (965) | 1,212 (965) | 1,212 (965)
A 2d |0 0 450 (361) | 459 (361))
- Total | 1,153 (921)] 1,212 (965) | 1,671(1326) | 1,671(2326)
— | " 1st 946 (759)] 1,005 (803) | 1,005 (803) | 1,005 (803)
B 2nd o o 611 (474) | 611 (474)
Total 946 (7599 | 1,005 (803) | 1,616(1277) | 1,616(1277)
" 1st 931 (769)| 990 (813) | 990 (813) | 990 (813)
c 2nd 0 0 605 (491) | 605 (491)]
Total 931 (769)| 990 (813) | 1,595(1304) | 1,595 (1,304)

Note1 fhe figures in the parentheses indicate foreign funds.



(2) Maintenance costs

The estimated maintenance costs at the siltes A, B, C under
plans X, ¥, 7 ave given below. -

(Unlt: Million ¥)

T

Plan _ , E
Stage X ¥ Z o W
Site) '
lst 47.9 48,6 | 48,3 | 48. 4
2nd 0 -0 - 64,9 65.4
1lst 43.7 44,4 44,1 _ 44.3
B ) : .
2nd _ -0 - 62,0 ' 62.6
st 42.5 (53.8) | 43.2 (54.5) | 42.9 (56.2) | 43.1 (54.4)
2nd ) 0 0 | 59.7 (85.4) 60.1 (85.9)
Note: The figures in the parentheses indicdte the maintenance
cost at every five years.

7.  Transportation costs of crude oills

(1) Appearance of large tankers

The transportation cost is 41.4.ﬁ/KL'with a 200 thousand. DWT
tanker. It is cheaper than a 90 thousand DWT tanker by 16.5 B/KL.

(2) Loss due to demurrage

If ail the. curvently available sea berths ave used for
importing 12,800 thousand KL of erude oils (estciinated 1980 import),
the demurrage loss will be 1,2 B/KL. The demurrage loss will be
2.5 B/ KL if one sea berih for 200 thousand DWT is used. The
demurrage loss for importing 18,900 thousand- KL of crude olls
(estimated 1985 import) will be 1.5 W/KL in the Fformer case, but

0.5 B/RL 1n the case of two sea berths for 200 thousand DHT,

8. Evaluatiqn of;écbhdmic advantages

‘(1)u"E¢onémié:aha1jSisi

1)  The internal'returh rate 1s given below for each plan and
- .ceach site, - X Plan (SUMMIT, TIPCO, TPC), Y Plan (XSSO, TORC
- SUMMIT, TIPCO),.Z Plan (ESSO, TORC, SUMMIT, TIPCO, TPC) and
W.Plan (RSSO, TORC, SUMMIT, TIPCO, TPC, others)

H

-8 -



X Y 7 W

A 7.8%  13.5% 13.6% . 14.1%
3 9.7 16.3% 1531 15.9%
¢ 10 0% 16.5%  15.5% 16.0%

W(thé) One berth 13 assumed for X Plan and Y Plan_

" 2) The ¢ost»behéfit ratio is given below, The discount raté. of
12,0% 1s assumed.

| XY 2 W
A 0.72 1.0 1.1 1.5
B 0.85 1.3 1.22 1,27
¢ 0.86 _ _'_1.31 1.23 1.28

(thé) :Ohe'befth.is aséuméd for X Plan and Y Plan

(2} PFinancial analysis

1) Profit aud loss account

Deficit finance continues unLll 1984 under X Plan and
antil 1979 under Y, Z and W Plans. The financial conditions
_ are.good at the site C under ¥, Z2 and W Plans.

2) Flonancial account

The Initial finatcial acccunt is poor under any of the
plans. (X, ¥, Z, W). The financial account is the worst under
“Plan X. The financial account at the site C is far better
compared with the other sites.

3)  Charge

_ | A charge of 20 ~ 30 ¥/KL is necessary under X Plan.
However, 20 B/KL seems sufficient under Plans Y , 7 and W,
especially at the sites B and C.

9. Conclusions

(1) Sea berth construction site

No specially large difference in natural condltlons and navi-
gation conditions is found among the sites A, B, C. However, the
advantage of the site € was confirmed by the above economic evalu-
~atfon (national economic analysis, financial analysis). Therefore,
the Investigation Mission concludes that the site C 13 most sulta-
ble for sea berth construction.
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(2)

{3

{4

Economic advantages

The internal return rate of this project Is at 1eaet 13%
under Y, % and W plans. Since the cost-benefit ratio 1s at least
1.1 (with the discount rate assunied as 12/), this project has
sufficient economic advantages,

Stock

Sixty day stock of crude olls must be secured to the stable
supply of petroleum energy. When the site C is adopted for this
project, approximately 30 day stock and 60 day stock will be secur-

ced in 1980 and 1990, respectively,

Managing organization

The curreant transactions will be red filgures between 1977 and
1979 even in the case of C-Y because of the burdén of large intial
investinents., If charges are assumed to be kept below beneflts, the
Thai Coverament must parLicipate in the managéement ia sonie form.
Financial assistances must be given from the general accoant at the
initial stage. The Investigation Misslion considers that a third
gector consisting of the Thai Government and the partieipating
enterprises 1s a suitable managing organization.

10. Proposals

(1)

@)

On overall development plan for Sri Racha«» Leam Chabang District

Sri Racha ~ Leam Chabang Distvict has been considered as a
promising industrial development zonhe in Thailand. Various large
projects are planned for this district in addition to the oil
refining industry that 1s directly related to this sea berth
project. Such projects include petroleum chemistry, a steel plant,
atomic power plant, Deep Sea Port.

If four or five. large pxojects are planned for this district,
1Lt will be faced with land problems, water problems, land and
marine transportation problems, environmental maintenance and
pollution problems, city planning problems etc. Overall adjust-
ments will have to be made among these projects. Such a situation
1s expectéd to occur during the second term of this sea berth
project.'

-Therefore, this distriet requires. an overall development and
investigation for evaluating and adjusting thése projects from a
higher standpoint,

With regard to the transportation of petroleum products, a
pipe line plan must be studied to provide a means of tramsporting
products to Bangkok. A plan should also be made to improve the
port functions, including unloading facilities of petroleum pro-
ducts at Bangkok Port,

dﬁ rafionélizatibn aﬂd‘gféwth of oil related enterprises

It has already been repofted thaL Lhis sea berth project is

-feasible, docluding the petroleum enterprises in the rear.

However, there will be required the growth and rationalization of

- 10 ~



an o1l refining plants, including stable chartering of large 200
DWT class tankers and "Kombinat" formation with related industries.,
- The demand for petroleum increases yearly, Stable and cheap supply
of petroleum for economic development reguires the growth and
rationalization of petroleum related enterprises,

~ 11 ~






II. INTRODUCTION






lNTRGBUCTmN

"ELI'F'Purpose of investigation and background Eor dispntching invesiigation
- mlssion :J:_ —_— - ST
”'Thai]and drew the First 6 Yeai Social and Economic Deve]opment Plan in

fs1961 and the Second 5 Yeatr Economic Plan ip 1967.  She has made steady ad~.

ﬂ;vancements s) netional prosperity throngh the promotion of agricultura]
developments, the expansion: of - ‘education system, the elimination of regiona]
differences and: the: aetive promotion -of industrialization.. She’ started the:

' :Third National Eeonomfe: and Social Plan in Octobei of 1971 1n’ attenpts. ‘to. -

" lherease; national product and “incomel -£o: promote export Lo maintain adequate |
‘forelgn currency regerve, to expand educailon systém and ‘to -promote :the: popu-~
" lation policy.: Industriali?ation 18 the nucleus of national” e¢tbnomic .
development. Howevery, various problems have arisen because.of her dependence
on- petroleun products for energies, which are driving forces of industriali—

"-zation.

. The'international energy crisis, which began with ‘the- Middle East War
'in November ‘of l9?3, spread throughout the world and: gave a serious shock to
erude’ oil imp rting countries in the, world., Thailand 1s not an, exception.

- ghe iE, currently faced Wlrh extremely important problems of finding a way.

- for stable’ supply of ‘petroleum: energy ond for coping with sharply increased

iin'import prige of crude ofls. oo

ST T I Thailand,fmost of thé ofl’ refineries exist in Bangchak (South ol
Bangkok clty) and’ Sl Ragha:District of  Chonburi Province, although some’ o
Cexist dn Amphon Farng. oll" field Zone. of: Chiengmai Province- The first two .
,‘districts produce’ about” 99/ of Lhe total refined oils and about 80/ of the o
demand for petroleum products."‘ . L
_ “fThe scale ofi oll:rvefineries’” (ESSO TORC and SUMMIT) is 165 000 PBSD at
the beginning of 1974 - Fér this reason,'relatively small berthing Facilities
Cfox- 90,000 PWT class or smaller tankers are available as. crude: pil unloading
.facilities.g Largen tankers are internationally favored since larger tankers
7‘sharply cut. down ¢rude: oll: Lransportation costs, Currently, 250,000  DUWT
clags tankers seem’ most widely used‘ This tendency is expected to continue :
'in the fucure. .
‘ Teids predicted that crude oi] consumption in Thailand will rise sharply'
from ‘approximately:6, 300« thousand KL 0of 1971 to approximate]y 70,000 thousand
KL in 1975, In view of such circumstances,_the Thal Government has made.
.studies for inexpensive and: stable supply of crude oils through the construc-
“tion:of: larger ickudel o1l unloading facilities and: adequate crude oil stock.:
The ‘Srl Racha Sea’ Berth construction project was pioposed as a part of the-
”series of these" studies.g ‘The Thai Government 1s to make independent planning
;and investigation on . ‘this: project bt alsos requested the Japanese Government
‘to carry out ai feasibilily survey ‘ot this project. _ ¥
- In answer to-this request, the Japaneee Government discnssed with the

) Thai Government on-the investigation {tems. and:; methods ete,  and determined

to dispetch an’ investigation mission. The works were assigned to the Over-
‘sede Technical Cooperation Agency belonging to. the Jdpancse. Government.
- As a ‘result, the First. Investigation Mission was dispatched in September,
1972 and. the Second Investigation Mission was. also planned for these inves~
rtigation activities.f'ﬁ : :
‘ The history of the’ investigation missions on this project and the
'accomplishments of the First Investigation Mission are summarized here.
Various ciréumstances. between the Firat and the Second Irnvestigation Mis—
sions are, described :
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(1)

£2)

(3

(4)

November, 1971

The Thai Government raquechd the Japanese Government to send
a feasibility investigation mission.

Decembor,_l97l
The Thai Government presented A~1 £orm of Co]umho Plan Lo the
Japaneqe Government,

January, 1971

Secretary Gene1a1 Nitipat and Department Ditector TxiraLana
of NEA of the ‘Thal Government came to Jépan. They vislted the
related Japanese organs and. requested to dispatch feasibility in-
vostigation mission., They inspected Nippon Steel Corporation,

Toyo Kanetsu K.K., Nippon 0il Co., Ltd. etc.

May, 1972

A private invcstlgatiou team conducted a fleld investigation
before the Japanese Government's feasibilicy 1nvesLipaLion mission.

1)  Purposes of investigation
1. Grasping of conditions for this prOJect in Thalland

2. Field investigation of construction site and collecLion
of related materials for deoignlng and c0nstruction

2) Members of investigation team

Divector: Yasumaru Ighit “Nippou Steel Corporation

{Director)
Membefs: Yoshio Miyashita Nippon Steel Corporétion
‘(Iron & .Steel Development
Division) :
Yoshiyuki Uemasu. Nippon Steel Corporation
(Sagamihara Laboratory)
Kazuoe Furukawa Nippon Steel Corporation
' {Iron & Steel Development
-Dlvision) -
Masao Canke Nippon Steel Cotporation

{(Sagamihara Laboratory)

Akihiko Nitta Nippon Steel Corporation
(Iron & Steel Development
Division)

- Junichi Yano Nissho-Iwai Co., Ltd.
{Iron & Steel Development
Group)

Shigenori Takahashi Niosho-Iwai Co., Ltd.
: (Iron & Steel Development
Department)

- 16 ~



(5)

(6)

(7)

Shiro Nakada Nigsho-TIwal Co., Ltd.
‘ (Bangqu Off1ce)

Takeji Shiomi Nigsho-Iwai Co., Ltd,
' (Metal Department)
» Investigation period
May 11, 1972 ~ May 27.

September, 1972

The Japanese Government dispatched the First Investigation
Mission.

1) ?urposes of investigation

1. Soundlug was conducted in Sri Racha and Ko Sichang Sea
'~ Area and a map 'was drawn. The results were confirmed
with the avallable sea chart.

2. The Japanecse Governmenl discussed with the Thai Govern-
ment with regard to the contents of the Terms of Refer-
_ence of Lhe Second Investigation Mission,

The accomplibhmewts of the PFirst Investigation Mission are
aLtached as reference materials in this report.

2) Memburs of Inveqttgation Mission

Director: Ken Terao {Deputy Director of Construc-
tion Division of Bureau of
Ports & Harbors of the Minis-
try of Transport)
Members: Tsunehiro Inoue Kokusal Kogyo
Takeyasu Kikuta
Hiyoo Hara
Yoshiho Saito
Masanori Yamaguchl

Niibara . 0.T.C.A.

3) Investigation period
September 29, 1972 ~ October 22.

December, 1972

The Thai Government sent the Termg of Reference for the
Second Investigation Mission,

January, 1972

The Japanese Government made colments on (6).

- 17 -



(8)

(%

(107

(11)

Z.

April, 1972

Secretary Witipat of NEA of the rhai Government came Lo Japau
and unofficially exchanged opinions on the Terms: of Reference of
the Thai Governmcnt. . .

May, 1973

The Japanesé Government presenLed a corrected version of the
Terms of Reference based on the Thal Government's draft.

May ~ December, 1973

The two governuents continued to adjust the Terms of Referw
cence and reached an aprecment in December. The Tetms of Refer—.
ence is attached to this report as reference materials.

January, 1974
The Japanese Government diepatche&'the_Second_Investigation
Mission, '

Scope of InVestigatious

The Terms of Reference shows the scope of the investigations which were
requested to the Second Investigatlon Mission. ~They are summari7ed below.

(1)

(),

(3
(®

(5)

(6)
(7
(8)
(9)
(10)
(11)
(12)

a3

(14)
(15)
{16)
(17
(18)
(19)

(20).

Forecast of petroleum & crude oll demand of Thailand.
Forecast of erude oil to be unloaded in Laem Chabang area,
‘étudy of‘transpoxt system & costs.

Study of storage requirement at Laem Chabang.

Study of havigatien chainel improvement.

Physical and geographical conditions of project area.

Land uses in Laem Chabang. '

Navigation in Culf of Thailand & Laem Chabang avea.
Present mmloading facilities at Laem Chabang.

Site Investigationx

Structures and fecilities to be provided at sea herth.
Acqulsition of land and compensation of land faclilities.
Justification for preject selection for various alternatives.
Project description.

Praeliminary design.

Cost estimate.

heonqmicfjustificetion,’B/C, internal rate of return.
Financial analysis.

Construction plan & schedule.

Studies the effecL of other related projects which bear the in—
fluent on this project.
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1. Members of Investigation Mission

The TnvesLigation Mission consisted of the fol]owing eight members.,
Their tdtle at the time of field investigaLion is given below,

Director: _ Osamu Harada

thsultant: Tomio Shinohara

Members: Kan Hirata

Shohei Yuasa

1sao ITkeda

- Tsutomu Kumakura

Tadanori Asada

" Yasuyukl Nakayama

4, Schedule of Investigayion Mission

Director-General of The Fifth District
Port Construction Bureau of the Minls-
try of Transport

Nippon Steel Corporation

(Head of Iron & Steel Development
Division)

Asahi Gilken (President)

Toyo Kanetsu K.K. (Head of Nesign

Division) .

Head of Navigation Department of the
Institute for Sea Training of the.
Ministry of Transport

Deputy Director of Comstruction Divi-
sion of Buredu of Ports & Harbors of
the Ministry of Transport

" Deputy Director of Disaster Prevention

Division of Bureau of Ports & Harbors
of the Mluistry of Transport

Construction Specialist of Design
Group of the Fifth District Port Con-
struction Bureau of the Ministry of
Transport

The investigation period is to begin on January 17, 1974, and to end

on February 13, (28 days)

The Mission carried out reconnaissance, ex-

changed opinions with related organizations and enterprises and collecged
It made an interim reporkt before its retuin to

varlous important data.

Japan.

{1) Schedule and works

Departure from Tokyo and arrival in Bangkok (Hdrada,
Shinohara, Ikeda, Kumakura, Asada, Nakayama)

January 17;

18:

19;

20

vigit to the Japanese Embassy and 0.7.C.A. (morning)

Visity to N.E.A.

Taternal works

Holiday

{afternooun)
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January 21:

22

24

- 25
26
27

28:

- 29:

30:

3l:

February 1:

Explanation of report of the First Investigacion -
Mission to N.E.A. and discussion on the schedule of
the Second Tnvestigation Mission_(moruing)

" Collection of data'(afternOOﬂ)

Reconuaissance of Sid Racha Distlicts by ali the
Mission members in Thailand

Same as above
Meeting at Lhe Japanese Tmbasqy (ilarada and Ghlnohara)

Collection of data L
Visit to D.T.E.C. (Harada and Shinchara)

Same as above
Analysis of collected data
Holiday

Collection and analysis of data

‘Same as above

Same as above
Departure from Bangkok and return to Japan (Tkeda and
Kumakura)

Colleétion and analysis of data, visit to Industrial
Estate Authority of Thailand by Harada and Shinohara
(morning)

Explanation of investigations to N, E.A. (afternoon)

Collection énd énalysis of data departure from Bangkok
and return to Japan (Shinohara}, arrival in Bangkok
(Yuasa)

Colleckion and analysis of data

"Holdday

Collection and analysis of data, visit to the Minis-

try of Industry by Harada

Collection and analysis of data arrival 1n Bangkok

(Hirata)

"Visit Lo FSSO TORC, suuan in Sri Racha by all the

members in Thailand

: Analygis of colleétéd dééé

'Colléccion and analysis dfvdata, visit to the Minig-

try of Comnmunication by Marada
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" Pebruary 9:

13

~ hAnalysls of collected data, reconnaissance of Ko

Shlchang Island by lirata and Yuasa, arrival in
Bangkok (Shinohara) '

PreparatiOn of interim report

Same as above (morning) :
Explanation of interim report o N.E.A. (afternoon)

'Meeting at the Japanese Embassy, depatture'from
_Bangkok and return to Japan (Harada, Asada, Nakayama}

Départure.from Bangkok and return to Japan (Shinohara,
ﬂirata; Yuasa)

(2) Related organiyaLions in Thailand

B
a

»

5
5)

The Mission s fleld investigation was lhielped by the related
organizations of the Thal Government. Several members of N.E.A.
joined the Japdnese Investigation Mission during the investigationms,
Large accomplishments were possible only with their assistance.

Such organizations are listed below and their assistances are
deeply dppreciated. :

National Energy Administrarton (N.E.A.)

'anistrj'of Industry (M.0.1.)

Ministry of Communication (M.0.C.)
Industrial Estate Authority of Thailand (1.¥.A.7.)

Hydrographic Department, Thal Royal Navy
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Il ECONOMIC FACTORS RELATED
~ TO SEA BERTH PROJECT






EB[INOMIB FABTBRS BELATEB T[} SEA BEHTH PRBJEBT

flﬁ* Predicted import of orude oils

ay

Economic frame

.o

The followin? basic staudpoint was takeu for predicting Lhe

::import of crude oils..

e Thai Government 8 Third ‘National Fconomic Plan was follow~3
:red .as ‘closely as. possible Eor- seLting ‘the economic frame.,-
. Although its najor {ndlces were respected, some adjusLmean
- were ‘miade to adopt rather moderate figures in. view of ‘the
*g‘recent Lrend 80 that excessive inveetments might be avoided

EVarious complicated Factors are invo]ved for. the” adequate

ultra long range prediction of the demand for petroléum under
‘the current oil- crigis, I¢. scems more 1mportant to_base such-

:;[prediction on: Lhe naLional policy._ Therefore, Thailand s
~demdnd for energy and for pétroleum wag’ predicted on _the
l_baete of Lhe target oE the national eeonomic plan. '

u;The period of the prOJect was divided into two terms, namely, . .

- 1980 ~”1985 and 1990, However, the prediction ‘for 1990 will ®
be SubjeeL o some fluctuation .in the future, ‘The prediCtion 2
“for 1980 ~85 will ‘be quite accurate n: view of the trends of

'-},existing enterprises.-~

“'For Lhis reason, the predicLion of Lhe demand is Lo be made

:}‘wiLh the major emphasis laid o the. firsL term (1980-w 1985) Thc o
' facility planniug, economic analysis and. finaucial analysis 1in the .

1‘subsequent ‘chapters are directed mainly to this. term.  With regard.
to the predictions and analyses for the term between 1985 and 1990, -

'; some iticreases over the first térm may be. agsumed for economic and '
. financial analysis since the ‘import of crude oils will 1ncreaee :

T_yearly with certainty

Population_.r S Lo ,
" The population of Thailand was 25 6 million in 1960 30.6

: mil]ion in 1965 and 35.6 mil]ion in 1970. In other words, it
" has been increasing at the yeerly rate of 4t least 3%. . The

rate of increase was 3.6% between 1970 and. 1971 and 4. 2/ s .

~ between 1971 and 1972, The rate of population growth in -
ﬂlhailand is quite high in view of the [acL that the average

annual growch vare in. the enLire South Fast Asia is 2 84.‘

(8ee Table I1I-1 for refetence )

‘Under the Third 5 Year Economlc and bocial DevelopmenL

7Plen (to be abbreviated as the Third Pldn) ‘started 1n October,

1971, the rate of’ population growth 41s to-be lowered to 2.5%
by'1976 However, -the records of population dncrease during
the past 16 years show that the growth rate was always above
2.5% except 1966 ~ 1967 (2.3%), The average annual growth

. rate during these 16 years is as high as 3.3%.

. If the Third Plan is accomplished, the population 1s
estimated to be 42,3 million in 1975, 47.9 willion in 1980,



54,2 million in 1985 and 61.3 million in - 1990._ if Lhe average

annual growth rate predicted by the Misslon is assumed, the .
population is estimated to be 42.2 million, 49,1 million, 56.4
million and 64.1 mil]ion (See Fig. TIT-1 for reference )

Results'of Estimates

(Unit:  thousand)

Eétimaté _.} | The ThirdﬂPiant
Yoar ' Pobulation: gaiggzto. .Pdpﬁlation.jRaiégzto
19}2*' 38,359 | 1,000 | 38,30 | 1,000
1975 | 42,220 101 | 42,330 | 1,104
1980 | 49, 100” | 1280 | 47,800 | 1,248
1 0ss | l56,430' 1,470 | 54,190 | 1,413
1990 | 64,040 | 1,672 .-‘61.310 1,598

(thej_‘l. The records are marked wigh *

2. - The growth rate of Fig I1I- 2 was aqgumed for Lhe
estimates.



-Table_IIIfl7 Transition of Population

(Unit: thousand)

Year Population Grovth rate over
' _ preceding year
‘19‘_56.'_ | 22,812 | |
957 | 23,596 | 3,447 o
1958 | 24,238 ) 22|
1959 N 24,891 2.69
1960 | 25,644  a;
1961 | 26,507 3.37
Tweer | 27,497 3,51
1963 | 28,312 IERT
1966 | - 29,552 4
196: 30,582 o 3.49 )
1966 | w756 | ok
1967 460 | 2.5
s | 3352 | 3, %
[ 1960 | 34,648 | o 3.27
11970 assso | 2.60
[ 1971 36,820 3.57
1972 38,359 ) 4,18
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2y - GNP N , ; _ : RN T _
: GNP was 56 0 billion Baht iu 1960, 79 5 bil]ion Baht in,,-
1965, 11978 bi1lion Baht in. i970, qhowing steady growth _
' SubsequenL]y, the growth rate dropﬁed sharply and the. average
annual’ growth rate has been 6.6% during the past 16 years,
~ The growth over a préceding year was 6.6%, 6.1% and 4.4 18
1970, 1971 ‘and 1972,_respectjvely “Phis can - be. understood o
‘as a turndng poinl. of the tapid: economic grow which took
‘place durlng the.last half of: 1960s. '(1he 1962 price ‘hias
been and will be adopted.)’ {see Tab}e 1112 for reference.)
thider the Third Plaii; the target groth tate of GNP is
 7.0% (average. annual growih rate.).” “However, the. average. _
- annual growth rate 0f GNP ‘in” Thalland is esLimaLed ‘to be as
shown in Fig: III =4 . ‘view of: the recent instabi]ity of
international currency situation, world—wide inflattion and
'.unbalanced demand & supply of energy: reflected by ol crisis.
L IE the Third Plan 1s aceomplished;, GNP will reach 156.8
Lbillion Baht, 219, 9 billion Baht,” 308.4 billion: Baht and ©
© 432,5 billion Baht in 1975, 1980, 1985 and 1990,-tespectively;
O If the. growth rate predicted by Lhe Miseion is’ assumed GNP
will reach 150.4 billion Baht,. 182 6 billion Baht, 217.4 -
billion Baht and 254.0" billion aht (See Fig. IIl 3 for .
reference ) v .

Results of Estimateq__'.

(Unit ﬁi}ii@n*i}_; *

"”}':2}f_The growth rate of Fjg
e 1,estimate3 : :

1Egpimat3_:'-'j" 5 " The Third Plan |
| SRR I i o0
1 e | o 3?;;?2?ée.i¥:“éNpef.i 'Raigng?
‘porex | 132,689 | 1,000 | 132,689 | 1,000
Tlers | 150,420 | 1,134 156,760 | 1,181
| ase0 [ uszsmo | aam | aig,me0 | onest
E'ff193$i: ffzif-asof _fl;}é;q ;'ﬁJfgbg;37¢ 2,32
_ ___H';.";i99bﬁfﬁg7254 040 3111‘915} v f{aﬁ?"4§5f% ; 3,259
'ini'ffkﬁétéj??iﬁ ‘The records are marked with * J.‘ i

III 4 was assumed for the




‘Pable I11-2  Transition of GNP. (1962 price)

. ~-";Zc:e'::i):;'_"

ek

Growth rate over

preceding year

e o

H'.:j 1956i,:

47,712

1957

" 48,196

1.01%

.:iQSS :

48,572

0.78

' i9$§;f,l‘_

53,628

1960

55,979

=

s l961y  

58,943

- 10.41

4.38

5,29

Coeer |

63,695 |

.}8.06

1963 |
_? 196§; f; ;.L

© 69,082

8.46

73,602

’ 6-54

S 1965

';T_ig$455i _.‘.‘ .

Tees

89,120

1967

Teaan

'f{1968:.1j

102,719

J .

12,621

1970

119,796

_19?1 .

_ 127;655

. 132,689 -

:5}1972_'5
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CNP(109 Bant) (1962 price)
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3) NP per capua' _ CL
.. GNP per capita Was . 2 180 Baht in 1960 2"'600 Baht :ln

_,1965 and 3,370 Baht fn 1970 showing the av rage anpual:
'Q3growth rate of 4.1% during’ ‘the. past 10’ years, However, the.

. growth .rate dropped sharply to 2,4% (1970 ~ 1971) )
{1971 ~ 19/2) “fhis i3 explalned by the slow. growth o
. and the, sharp growth of population. -This. indicates that: GNP _
;oper capita cati be incredsed only by increa‘_ng‘real GNP P
~ through expanded production and by. introdueing‘adequaLe

fpopulation control measures, (See Table' TTI+3 for reference ) o

. - Under the Third Plan, Lhe target growth rate ‘of per:

'~capjta GNP is 4.5% in 1976 However, the average annual
growth rate was: 3. 2% during the past 16 years, It was 4.1%

“during. the past 10 years when economic growth was relatively
Lorapld. L

o Aceordiug to the aseumpLion of the Third Plan, GNP per

" caplta is estimated (o be 3,700 Baht in 1975, 4, 610" BahL in
1980, 5,750 Bahy in 1985: and 7,170 Baht in 1990, . IE the K
-average annual growth Tate’ predicted by the: Mission is 355umed

GNP per capita s estimated ‘to be 3, 790 Baht 4 370 Baht, . ;-".

4,940 Baht ‘and 5,490 Baht . Accordiug Lo an -asglmp ¢ion. based
on-the: past: tendency of population and GNP, GNP per capita is
estimated to be 3,560 Baht 3,720 Baht, 3 850 BahL and 3 960
:Baht. (See Fig III 5 for reference ) : :




'E; ResgItS;dﬁ:ESEimétes',f. .

RN

'fﬁiﬁnifr“,ﬁ)

Estimate

The Third Plan

_Reference

GN?/Capita

Ratioh
to 1972

GNP/Capita

- Year

 ;975*

-5'3 459'?7

f'1 ooo‘:

_1m3;459- ;

‘Ratio
to 1972

GNP/Capita’

:Rétibi. x
_to_19?2_‘-u

1, ooo;j

3,459

'””='1Q600f

1975 |

: 3;560“:

'.f1'029f3

3,700

1,070,

3,790

‘i,dgé';

‘1980

om0

-1, 075 |

1, 3337

5,370

1985 |

f,]3 850 _

.}151 113{.

5,750, |

1, 662?

4940

1,428 |

' H;*Jlgéd

3,960

R

f52 073

5490

'.15537

ey

'.?'.3} ﬁ

. .1’"l‘
B
AR .'estimates,}

o

3

The
[The

records are

growth rate

."made‘i

marked With *

of Fig. III~6 was assumed for the

Predirtion based on the growth rate of GNP/

'Capita gLveh by the Third Plan
‘Pre&iction basad on. the’ growth rate of GNP 3

' ?jand population given by the. Thivd Plan.ff
_Prediction bagsed .on the trend of GNP/Capita
(Given in- the table An the Reference columi, N

N

The following four types of predictions can be -

Prediction based on GNP and populaLion esti~ ‘

: mated by the Mission.:';

"’Hi) 32) 3735 4)

- 35 -

‘:The prediction ﬁ) was adopted for safety.

'..i




~ Pable 1I7-3 Transition of GNP per capita ot
- : _ (1962 price) L ” :

T ' ' e
. Year - (A) GNPfCapita | Growth Rate

1956 |  2 092

Cdgss | 2,006 ) a0

Ca9s9 | t2,ass {158

fj"iéﬁl__f o2y '“_*72.62  .

'; ;962'. e "'2;}22:@..Z::r'_'p_'4§2?éf7-

L2966 | .o2,808 0 sl

RETYT I P " S FHE o

Tages | 3,062 o | 5.9,

970 . o330 | 385

e | sast | 2o

S92 | aese o | 03

" A shows 't.nin'u's'
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L On ther basis of the: above results, the economic frame of
this project was set as stiown ‘in Table 1LY ﬁ

'”Table III~A Fconomic Frame

‘ 'Eé&ﬁdmié-iﬁaexj ﬂ.-Unif‘::l B -.19?5°; -1980-_~'1985 1 1930

ZVTPOPU1aLi°"'“:':. Cwiiton | o42.2 | 491 ) s6. | 64l
.GNP (1962 price)“:-Billion B 150.4- |182.6 ) 217.5 | 254.0
ap por captea i..'_T'hbi!_.satid k| 36 | 3] 39 | 4o |

1 (1962 price)

ey

(2) Estimared demdnd for enelgy i

Iuternationa] comparision of domesLic unergy consumption

Study of the national income per capita and energy con»iq

- sumption per capiLa in various. countties i, 1967 and 19?0
" reveals positive. relation 1n all of these countriés’ Posi»
tive. relaLlon is also found bétween’ the two obtained by such
A crogs section In other words, energy consumption per '
. Jcapitd is 2, 000" -10,000 kg {in terms of .coal) in those -
ffcountries where NIfcapita 18" above 1,000 U.S. $, . The energy
-‘consumption per capita is between 100 kg and 1, 000 kg in
“those ¢ountries where NI/capita is below 100 U, 8.5 L
'}Thailand, NI/capita ‘was 150 U.S,$ and the energy consumption
- was 173 kg/capita An. 1967 They rose to 172 U.8.$ and 245 _
.‘“kg/capita in 1970, respectiVely These: figures indicate that .
~the enexrgy. consumption pattern 1n Thalland is an intérnational-"
iy standard development patterm. . Therefore, an ordinary pre-
- diction technique will be. applicable (The. national Ancome .
. 18 given: in nominal price ) (See Table III~5'aud Fig, LIT-7
“for véference.) It is worth noting that ehergy consumption
is’ increasing 4t an extremely high rate in 1hailand compared

with other countries

-39



Table IT1-5

"Enefgy_COnsumptionﬂin Vérioqs-Countfies

: Cduntry '

u.s.A

iCanada

1967

Conswmption

9"880"

“Mational
income

1970

-

Consumption

National
income

T

3,661

8 061

2,609

11,144

._{ 4;254 1

— v

9,072

e

.3’2;4._

| singapore

638

628 |

,: 81$:__

| Unteed Kingdom | 4,393 1,848 5,362 | 1,993
West Gormany | 4, 171 66 | o os,u2 | ?5;698';'
France —6#3,163- | 2,105 3,794 2,606

:fSapaﬁ ) 2,253-- 1,050 ~3;210 : 1,658 |

'T;;;Waﬁﬁ— .";?24. Aﬂ"p ﬁSé*? jl”-.k925:. ' 564 -

921

_Kprég' L

796

241

B it
| eniitppines.

| mhatiana

229

'_255*'

278

342

173

1%

Caus

* 172

Indonesia

:'?96:f~;

107

;1;f

: | (Note)

It s indicated LS, $/caplta.:

' f ;:.+”40._E;:

.“-National income 18 nominal price

. LThe figure marked wiLh *_shows pe1 capita GNP
'converted by:2l, OB : .

4Con5umpt10n is indicated by kg/capita by coal
-conversion L . S



Energy/capi:&,l'
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- o
A / e
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e
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R
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[
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Source 1= -
Statistical Yearbool | 1971
(Unfited Nations)
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Fig: ILIu? Fnergy Consumption Per Capita by Cross Sectlon Data
(1967 and 1970) accovding to NI Per Caplita
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2)

Domestie Lotal energy consumption
- The correlation betwoen total energy cousumption and GNP

. was studied on the basis of the data of 14 years (1956 «-1969) :

(See Table IT1-6 and Fig 111~ 8 for reference pa8
1og () = 1 8323 log (X) - 2. 0322 R T 998
Y X ]O ?'. Total energy c0nsumption (K—Cal)
XX 109 :: GNP (1962 price) (Baht)

‘ The total energy consumption in" 1975 1980 1985 and
1990 was: estimated by this equation. Bhe results are shown

~dn Table” LII~-7,

With regard to these merco estimates, the following con-

firmation is given
As discussed before GNP per capita is estimated Lo be

between 3, 960. Baht (189 US$ 18 = 21.0 B} and 5,490 Baht (261

UV8%) in Thailand in 1990. Tt is almost equivalent to the
- GNP per capita in Japan between 1949 ~ 1952 (194 ~'278 uss).
. “The total energy consumption in Japan ia those years was -
between. 193 billion K-Cal and 288 billlon K-Cal. These

figures indicate the validity of the above prediction

. (See Tab]e III 8 ~ I11I~-10 for refelence ).

R



o ‘Table'III~6 Tfansitioh'of Energy Consumption

9

(Unit: 10‘.K§Ca1).

Yeaél

Inlapd
Congumption

| Petroleun:
~Produet

“indigencus
“Source

‘Foreign '
“Source

Import
Product

| esa |

S’OQQ": 

895

-

L e

895 |

1955 |

6,864

4,608

-

4,608

1956

10,548

8,289

—

8,289

1957 |

11,618

9,052

9,252 |

11,964

9,460

9,460

| 1959

10,395

42

Ib

10,353 |

11960

14,649

11,799

- 56

11,743

196 | 16,226

12,714

30

12,684

| 1962

;;-18;910

15,526

w15

15,511

1963

20,619

16,768

.'17.

16,751

1964

25,558

20,444

20

Ta,515

16,909

1965

“29;374;'

22,757

.'.19-

11,857

10,881

fiigﬁﬁ T

33,564

26,808

17,812

- 8,970

| 1967 |

138,376

| 29,741

52

20,128

1 9,561

_—

¥ 1968

o 48,232

39,243 -

'60.:

24,040

15,143 |

| 1969

50,501,

:.421541 8

46

28,009

14,492

1970 |

59,700

48,700

160

36, 500

12,100

1971 | 66,500

- ” 54;40d:L€

_100"”

42,400

11,900

1972 |

© 72,000

159,000

C 100

47,800

11,100

(Nofe)‘.?etﬁ01eumlptbdu¢t3 includé L.P.G., but do not include gas.

Table TTI-7 Results of Estimates

(Unit: 109 K-Cal)

Year

“Inland
Consump tion

Product

Petroleum

Indigenous.

"] Source

Foredgn
Source

Import -
Product

1975

90,630

74,860

150

63,630

11,080

- f
1580

129,240

103,000

210

92,700

10,090

- 1985

178,050

145,470

290

136,740

8,440

1990

236,760

..-196,980

390

187,130

17,460 |

- 43 -



(Reference)

Table TI1-8 Comparison of Japan and Thailand by GNP per Capita

Year

GNP:tnomiﬁal} Peflater

éNPi(real)'ﬂ_

ﬁoﬁu1é¢ion

‘GNP-ger5Ca§ith

us$

1949

billton yen

3,375 59.16

billion yen|
: Sy705 ¢

..:fhoﬁééﬁd -

'-yenl
69,760

H
194

1950

3,947] 58.20

6,782

83,200

81,514

526

Japan

19572

1951

5,444

7,662

84,541

90,631 -

i

70,57

6,051

- 85,808|

99,921

278

1990

Trhailand‘

3,960
SR

189

561

N

.

(the) :1;

12

1us§
.1 uss

)

e

.213_

T@blé‘IiI%Q 'Pe;rbleqm.Coﬁsumptibn:iﬁ Japén:(IQSQ, 1951) -

 360:jéh; 1962 real ﬁricé.is used for Jéﬁaﬁ.

E'Importéﬁ:Cxﬁde

: Prodﬂction.Of".‘u”

Iwported Petroleum

0ils -
i’k
'_1;541" '

Petroleunm Products
I

107

” KL

_Products -

10 kL

796

L 65.3) | Ga.7)
19511 2,844 2,718 1,160

(70.0)

(30.0)

(Note) Lubricants ‘are excluded.

ﬂ@'ﬁﬁfn'.
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Erergy Consu@?tiqn'(lo;z.thal)_.

500 | P —— R

/o
'85(178.1)

o

log(¥) > 1.8323 1og(X)-2.0322 R
: oy 2.1012; Enérgy'Cdnsuﬁptian:(chaij :
A% 10% . GNP (Baht) o

| '30(129.2) .
100 | e :

175¢90.6) 0

S0 o100 500 1000 |

GNP (10% Bahc) (1962 price)

7 i

‘1&ﬁi§ﬁfbétﬁééﬁ?qﬁpfagdﬁEnqrgy Cohshmpgion“"”




3 PeLroleum producL energy consumption-

- The correlation between GNP and petro]eum product energy
_ consumption was obtained . (8ee Table - 6 and Flg. 1119
for reference ) ) - . Lo

Log (¥) = 1. 8613 1og &) - 2. 1806 3; 0 99;
Y be 10 2‘ PeLroleum energy consumption (KwCal)
X % 309 GNP (1962 price) (Baht) '

. The petroleum energy Gonsumption in Thalland 1n 1975,
1980, 1985 and 1990 was estimated from this equation. The
following table shows the estdmaces. Tt reveals that the. -
ratlo of petroleim energy’ consumption to total energy con—~ .
sumption is 82 2/ 82.6%, 83.1% and 83. 4/ in. Lhese years.

fPéyféleuﬁ_eﬁergy cOnsumptiOn

:l-ygéfif};‘  . Petroleum energy (]G K Cal)

s | e
 W4i§§° R B .f:y“,_, ;06,810 o -

s [T e N
"f1§9ijﬂf f.f S 197,540

. It must ‘be pointed out that the difference between total
energy and petroleum énergy wust be filled by electric power _
S energy (hydraulic and atomic) and lignite energy etc. ‘there-
fore; the extent of the. dependence or- petroleum energy is!
1arge1y deterwﬁned by the Thai Goverument's policy Lt Imust

establish energy policy for. etable energy supply and. determine:_.'

. adequate distribution of energy sources within this policy._'
‘ "The - Investigation Mission aqsumed the, ratio of energy
_ consumption in: consideration of NEA's energy policy.. (See
'Tab]e IIr-11 and Fig. 111+10.) It estimated petroleum con-
“.sumption on the’ basis of this asgumption. The. results are
"'shown in Table III 7 ' ' - -

..'..47_.



Enexgy. Consumption
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log(¥), = 1.8613 log(X ~2.1806 -
og(¥), ;36 8(X) - : _ ,90(197 p
Y X 1077 Energy Consumption(K—Cal)
LR X 107 3 GNE(Baht) o '55(14? 9
- ' ' i . {1800106.8
100 Jor ) { )
' V75(74.5)
50 b . : . S — s “ﬁ.._f‘)_
10
T IR | _ 56 100 500 1000
" oNp(10% Baht) (1967 price)

Fig. III«Q Relatiou between ‘GNP and Energy Consumption

by Petroleum Products R
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‘Table I1I-11  Share of Energy Sources

(Unit 3 %)

Year Domesi.ic Pet;‘d}emﬁ' “.__I.)o.me:stic | Impoftéd' ImporLed
R demand - - [ -* Products g - Crude oils | crude olls | products
1954 | 100.0 | 29002 {00 | 1 1000 |,
] Fws_s 100.0 | 67.313'] 1000 [ ° o 1000 |
1956 | 100.0 | 78.58 | 100.0 L 100.0
1957 | 100.0 | 79.64 | 106,0 | o £ 100.0
1958 | 100,0 | 79.07 | 100.0 I | 100.0
1959 | 0000 | 7804 [ 1000 | 04 o | 99.6
oo | 100.0 [ sosa [ 1000 | o5 [T " 995 |
1961 | 10000 | 78.3 (1000 | 02 | - | 998
1962 | 1000 | 82.10 | 1000 | 0.1 {999
T1963 | 0.0 [ sz [0 o [ 999 |
96 | 10000 | 7999 | 1000 | o1 | 172 | 827
1965 | 100.0 | 77.47 | 100.0 0.1 521 47.8
1966 | 100.0 | 79.92 | 100.0 | 0.1 | 64 | 335
‘1967.| 100,0 | 77.50 | 1000 0.2 67.7 32.1
1968 | 100.0 81.36 | 100.0 0.1 61.3 38.6
1969 | 100.0 | 84.25 | 100.0 | 0.t | 5.8 | 4.1 |
1970 |- 100.0 | 81.60 | 100.0 0.2 | 5.0 24.8 |
1971 | .100.0 | 81.80 | 100.0 [ 0.2 780 | a8 |
| 1972 | 100.0 | 81,90 | 100.0 0.2 | 8o 18.8
1975 | 100.0 | 82.60 | 100.0 0.2 85.0 14,8
1980 | 100.0 | 79.80 | 100.0 0.2 90,0 9.8
1985 | 1000 | 80 [10000.| 02 | %0 | 5.8
1990 | 100.0 | 83.20 | 100.0 0.2 95.0° 4.8
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A study on the sources cf petroleum energy revea]s that

. the share-of domestic crude” oils, ‘the share imported crude

oils and the share imported petroleum ‘prodicts. have been.

fchanging, as “shown in Table I11~11. - For these. eetimates, the

: :share ok imported crude olls is assumed to be 95,0%, that of
“dmported. petroleun products as 4. 8% and that of. domestic crude

oils as 0.2% for 1990 according to thé share trénd of Table

 ;}~111~11 Therefore, ‘the peLroleum.energy consumption by im-
ported c¢rude-oils in 1975, 1980 1985 and 1990 will be as
B given in- Table TII =7

- g)i_

i'Resull,s of estimates
‘The demand for energy, the demand for petroleum product
energy and the deéwand for. imp01ted crude oil energy in 1975,
1980, 1985 and 1990 in 1hailand will. be assumed as Table
]II—IZ ' :
'Table III512 :-Demand'fdp Enbrgy_' L
(nte: 102 g-Cal)y
e I e e . Share : . -. . .
" EOZiStiC Petrbléﬁm".ﬁ-‘ Domestic 'Iﬁqutéd Importéd Petrdleum
nerey Products . | Crude 0113 ) Crudé Oils | Products
: Conqumption SRS P I s S S R
Yedr RN R SRy R %
o e | raes S I TN ISV A R
19?? .(100 0) _(32;6) 7109.0: 0.2 0{2 63.6 ‘85.0 : 11.1 ;4.8
T e lwse b T oot B -
1980 (. (100,0) (79‘4)“:;99.0. 0.2 012 92.7 | %0.0 10,1 :9.8
. 1'73]_ - 145-'5. R . .. T . “l
1985  (100 0) (81;?} -100,0 Q.3_ 0,21136.7|94.0 8.4 5.8“.
ol aset qiero [ b b A IR
1901 00,0y [(ea.2y | 1000 04 0.2 187AY95.00 9.5 o 48
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(3) Macro estimate on imporL of crude oils

_ “ “The relation between ‘the. quantity of 1mported crude oils and .
" the. energy of pétroleum products depends on ‘the share of: various
.products “No fiked ‘téndgncy 1s found from the transitiou of the
engrgy conversion rate of crude oils in Thailand (See rable _ _
,III~13 and Flig., I11~12, ) For the preeent estimate, 7230 K«Cal/L-

will be adopted,_- o :

“Ratio (10°K-Cal/L) s

10}
o _579§-ﬂ-_ﬁ,ﬁ3§,-----3&17-,,¢-723
e T B 8 90
Year -

Fig, II1-12 Energy Conversion Rate

..5.3...



~ Table IT¥~13 .Energy

Conversion Rate

(it 10° K-cal, thousand Ki, 10%)
v 'Energy‘Coﬁ3umptioﬁ _ '_Impbrted:‘ S '
Y_eé? R by Imported 01l - (B) Crude 041 - BOTALY
" 1964 3,515 i 795 4.42
1965 11,857 1,409 8.42
1966 17,812 2,564 ' 6.95
1967 20,128 2,549 7.99
—_ — e A -]
1968 24,040 3,471 6.93
1969 28,009 3,680 7.61.
1970 36, 500 4,420 g.23
1971 42,400 6,294 6.74
1972 47,800 | 7,624 6.27
IR e
1975 63,630 8,800 7.23
B U VO ;F._‘__.I _—
1980 92,700 12,820 7.23
S S U S D S __,______{
1985 136,740 18,910 7.23
1990 187,130 25,880 7.23
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. This energy conversion tate was used to convert the demand
for energy by imported crude oils {obtained in (2)) into the '

quantity of crude oils, ‘The results are shown below.

I1I-13 for veference.)

Results of fistimates

{See Tig.

(Unit: thousand XKL}
,Quantitylof o ' Annual Average
Twported ?g;éo to Growth Rate
Yeay Crude 01ls o Over 1972
1972% 7,620 1,000 -
S - = — : -
1975 - 8,800 1,155 4.9%
[ 1980 12,800 1,680 C6.7%
1985 18,900 2,480 7.2%
S e - S —
1990 25,900 3,399 7.0%
-(Note)l*Thé'fegbids.éré mérkediWitH L

'(For'référence) 'Diféct correlation between GNP and QUantity'of
imported crude oilsg

‘Direct cqrfelation between GNP and imported crude oils was
used for the explanation of predictions in the interim report.
The following estimates can be obtained from this result.

(See Fig. TII-13 for reference.)
1980  15.7 million KL
1990 38,2 milldion KL

'-However, this technique lacks precision, especially for long-
range predictions. Therefore, the technlque that was discussed
previously was adopted for the present report.
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(4)

The estimates on imporied crude oils nade by ESSO and TORC
(SHELL) are given. below. -

(Unit: million ki)  ESSO SWELL  Ours
1975 .9.'3_ 9.7 8.8
1980 13,6 133 ‘12,8
1985 190 167 18.9
1990 27.0 (not available) 25.9

The estimates of the iwo companies differ slightly from those
of the mission. However, the mission's estimates seem adequate in
consideration of refining capacity of petroleum related enter-
prises. According to some view, the petroleum energy s share of.
the demand for all the energiles will decrease from the’ 1974 level.
However, the dependence ou petiroleum is not decreasing in view of
the international situation, the further development of the brans-
portation by means of automobiles is expected and the industriali-
zation policy is actively promoced. Therefore, the estimates of
the Investigation Mission seem sufficiently safe.

Trends of oil relatéd enterpriécs

1) o1l refining capacity

- ES380, TORC and SUMMIT are Lhe oil vefining enterprises
in Thailand. Their refining capacity 1s 65 thousand BPSD,
65 thousand BPSD and 35 thousand BPSD, respéctively, at Lhe
end of 1973, TORC and SUMMIT plan to increase their capaclty
to 100 thousand BPSD in the near future, while ESS0 plans to
increase it to 65 thousand BPSD, A new refinery, called
TIPCO, is to be constructed 1a the near future. Lts final
refining capacity will be about 100 thousand BPSD.

In sum, the oil refining capacity of Thailand 1s to rise
from the current level of 165 thousand BPSD to 260 thousand
BPSD by 1980, .

‘ Currently, Thailand has no petro-chemical industry.
According to unconfirmed information, a petro-chemical plant
(called: TPC) with anmual ethylene production of 200 thousand
tons is to be’ constructed in Thailand in 5 ~ 10 years. Annual
ethylene production of 200 thousand tons is equivalent to
crude oil refining capacity of 100 thousand tons. Therefore,
oll refining capaclty must be incéreased by 1985 for petro-
chemical dndustry, (See Table III1-14 for reference.)}

ss -



Table 11I-14. Trends of Petroleum Related_Entefprises

Oii refining capacity (thousand BPSD)

N | msso | rore | sumrr | 13pco | TPC | Others | Total | Tmpore of crude oils
Year ‘ : : “{ . {thousand KL)
) et L e ! e A S S S

19741 35 1 65 | 65 ol o 0 | 165 . 85860
1975 35 | 65 | 65 | 0 | 0 0 | 165 8,800
1980 | 65 | 65 [ 80 so | o] o | 20 | 12,800
1985 65 | 80 [ 100 80 |- 50| o | 375 18,900
'"“ﬁ*"‘—é'%——"k'__“‘ : N T R Y T
199¢ | 65 | 100 160 200 100t . 50 1 515 | 25,900
Ac¢Qrdiﬁg to-ﬁhe”ﬂissionﬁs survey, the expansion plans
of thé oil related enterprises almost coincide with the esti-
mates until 1980, as Table II1-14 shows, indicating the
adequacy of the predictions. Mowevel, the enterprises’
‘behavior after 1985 is unknown. New expansion of several
thousand BPSD and that of 50 thousand BPSD will be necessary
~dn 1985 and 1990, respectively. Such expansions seem essen—
tial for meeting the demand for energy in Thailand, regavdless
of the policies of the existing enterprises and a new enter-
‘prise, '
2) Participéﬁing enterprises and amount of ecrude oils handled by

Sri Racha Sea Berth.

The amount of crude oils to be handled by Sri Racha Sea
Berth depends pn‘the enterprises that participate in this
project. -The following four plans are set for this plan.

X Plan - SUMMIT, TIPCO and TPC participate.
Y Plan - ESSO, TORC, SUMMIT and TIPCO participate.
7 Plan ~ ESSO, TORC, SUMMIT, TIPCO and TPC partiecipate.

W Plan - ESSO, TORC, SUMMIT, TIPCO, TPC and other enter-
prises required for obtaining the refining capa-
city equal to macro estimates participate.

Table I1I-15 and Fig, ITI~15 show the amount of crude
olls to be handled by the Sea Berth uander these plans.
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Fig. 111-15 Crude Oils to be handled by Sea Berth
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2. ‘lypes. and'etock'of'ctudé oils and petroleun producfs

(1)

.Claseification of imported crude oiis

Anc extremely large varieLy of CLude oils are. available, but

- all of them aye a mixture of paraffin, naphthene and aromatic:

hydrocarbon ete:. Individual crude oils ave: toughly classified.

into paraffin base ¢crude olls, naphthene crude ol]s “anid _mixed. base'
erude oils, Crude olls of Middle Rast: (Avabia, Tian,: Iraq, Kuwalt -
ete.)} are mixed base crude oils. The typical ptoperLies of these :

three types of erude oils are stiown: in Table 111~16.

Crude oils are occasionally classified inLo high sulfur type,
medium sul fur Lype and low sulfuxr type on the ‘basis of. 3u1fur con~
tent. This classification is often necessary in those regione
vhere de-sulfurization’ procebs and scale are important for pre-
venting pollution by sulfurous acid gas., Crude oils of high pour
point (Libya, Cabinda, Minas, Duvi, Serla ¢te.) require heating
or thermal’ insulation, a special ‘tank! must be used for thew. Most
of crude olls with high pour point belong to ‘low. sulfur type.

1f several types of crude olls are to be importcd, Lhey must
be stored in three groups.

A Group ... High sulfuf‘cfude oils
B.Group ... Medium sulfur crude oils
C Group +ov Low sulfur and high pour point crude oils

One ‘tank can be. shared by A Gr0up and B Proup by keeping the

' mleute rate below 10%.

Lurrently, ail of the crude 0115 handled by Sti Racha Sea o
Berth, come. from Middle East. This. situation will vemain:unchanged
for’ quite some time. Neither low sulfur’ crude oils nor high pour

point crude oils are imported.
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{2) Share of petroleum products

The following table shows the share of petroleum energy pro-
ducts that are consumed in Thailand. (1969). Diesel oil accounts
for 4#8.6%, heavy oil accounts fox 27.7%, benzine accounts for 12.6
%4, fuel jet accounts for 6,3%, kerosene accounts for 4,1% and LPG
accounts for'0.7%., (See Table 1YI-17 for reference.)

Tn other words, the fuel olls (diesel oll and benzine) for
transportation (automobiles, small ships etc.) account for wmore
than 60%. Naphtha, which is a raw material for petro-chemistry,
has no share. A study of the trend reveals that the share of
heavy oils and PG 1Is ilncreasing sharply.

The large consumption of diesel oil and beunzine especially
for the transportation Dy means of automobiles is accounted by the
sharp increase of motor vehlecles. (Sec Table 111I-18 for reference.)
During the filve years between 1965 and 1970, the number of buses
and trucks {(including vans) Iincreased from 76 thousands to 146
thousand (190%), while that of passenger cars increased from 67
thousands to 213 thousands (321%) and the number of motor cycles
increased from 105 thousands to 334 thousands (3207)., It s
assumed that such large increases took place in Bangkok and other
urban distriets., Therefore, the future development of regional
cities and the improvements of inter~city roads will bring about
further increases.

Heavy olls are used as industrial fuels, The industrial pro-
duction of Thailand has increased sharply., It rose from the 1960
level of 7.3 billion ¥ to 13.8 billion B in 1966 and 24,4 hillion
B in 1972. For thls reason, the consumptlion of heavy olls has
been increasing sharply. (See Table II1-19 for refervence.)

Heavy oils are partly used for thermal power generation.
Since Thailand has large potential water resources for water power
generation, the consumption of heavy oils may change In the future
according to the government's energy policy.

No naphtha is curreatly produced because of the absence of
petro-chemical industry. In Furopean and American countries and
in Japan, naphtha production is fwpovtant since plastic products
etc, are used lunstead of expensive wooden products because of poor
forestry vesources, Thailand has had no need for petro-chemical
industry since agricultural and forestry products are sufficlently
available. Por example, jute bags are used for packing ia Thailand.
However, petro-chemical products will become popular in the future
along with rises of persoanel expenses, developmenis of mass pro-
duction and improvements of living standard, Naphtha production
will be started accordingly. The consumption and the origin of
petroleum produects in Japan are shown as reference. (See Table
111-20 for reference,)
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Table [I¥~18 . Transirion of number of mdpor.vehicles

(Uni.t: _vehicle)

.Classif1~ : P . ‘ _
ation Bus van & Truck | Passenger Car | Motor Cyecle
Year T . ]
1964 9,099 55,108 14,897 61,106
1965 17,638 58,098 67,261 105,379
-f1366' 17,256 | 80,389 90,923 159,168
1967 17,662 81,875 115,394m_ 212,808
1968 17,600 | 84,788 125,574 248,028
1969 17,369 Lﬁn 102,385 167,714 282,015
1970 - 19,562 | 126,590 212,881 333,708

Table I11I-19

Industrial Production

(Uait: Militon ¥)

Year Production
- . .
1960 7,320 .J
1966 13,795
1967 15,465
|.»__
1968 16,594
1969 18,609
1970 20,622 ﬂ
1971 22,621
o E—
1972 24,400
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Table TLI~20

Petroleum Products fn Japan

T 1969 1970 1971
- 0%k 10%ke _ié)maKlJ
yolatile ofls | 18,385 © 20,803 22,595
K p;;;Qctiog_ flglaau_ 20,888 22,676
T 10 2 | 2
pport | 105 e | s
._-;;;héha 21,6% 28,3i;—m_ﬁﬁ“-7;3:68;$ww‘
 Production -;;;148'~L47 21,860 24,965
Import 4,492 6,460 5,002 |
Export - 4 ) 3 5
Tferosene | 12,126 | 17,39 | 17,351
Production 12,912 17,497 17,567
Imﬁgrt; | - 61 R 156 |
Export 786 - 189 372
Light oil ﬁ 10,243 ____W_Ié,oso 13,6?6
Production 10,440 | 12,007 | 13,250
T pore | - R o
m——;;port 197 - MG? 174
Jot fuel oil | o1 | 1,03 1,133
VProd;;:ion 3—,348 2,397 o 2 ,_688
Tmport “- -'"— o -
E-'.;pott 2,&1_5—1; 1,364 “ 1,555
Heavy oil 31,608 110,991 120,735
Production | 89,844 101,575 114,638
L:i:}mp ort 11, 395"'“ ) 16, 8;—.';ﬁ"l_ 16 ,493_M—1
Expart 9,631 7,416 10,396
Tatal 154,913 190,543 204,892
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(3) Stock

1) QuantiLy of Stock

some

Ls extremely unstable:

1t is obvious Lhat petroleum 1s the basic resouice for
the cconomy of one country, as a source ‘of energy and a raw
material of petro—chemistry and that it is produeed only in
countries. Reserving of crude oils is ah important theme
for eveiy country in these days when intelnational situation
When crude oil supply becomes unstable
because of charges in internaLional situation, regserved crude
oils niust be depeunded on untll a diplomatic solution is reach-

ed or. domestic adjustments are made,

large veserve is difficult.

One country's stock is economically limited and extremely
Since the maximuin reserve in

Furope and America is 100 days and that in Japan is 35 days,

60 day reserve of crude olls and 25 ~ 30 day reserve of

petroleum pioducts must be assumed in the future:

111-21 for reference.)

at the same time.

Wheti crude 0il supply becomes unstable due to a change
of international situation, a diplomatic solution must be
attempted and domestic energy consumption must be ‘controlled
The time one country ¢an spare for a

solution depends heavily on its petroleum gtock.

Table ITI-21

"Eurcope and Amerlca

Curtent and Target Stock of Crude Qils in

Country Stock
England Parget stock: 90 days or more
France 100 days

West Germany

Crude oils: 75 days, products:

55 days

Italy

65 days

2)  Current tank capacity and future expansion plan

The followlng table shows the capacity of the crude oil

tanks for the refineries in Sri Racha District.
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3)

Optimum use of current tanks of refineries as a part of
reserving capacity
The capacity of the crude oill tanks at the refineries was

given above. Thelr potential reserving capacity was caleulat-
ed on the basls of the curvent oll refining capacity.

“~.Division|Refining capacilty|Total capacity of Srock
all current crude (day) Remark
Company BPSD K¢/day |oil rvanks K¢ Y
ESS0 35,0001 6,000 360,000 30 days|Presence in tank is
assumed to be 50%.
SUMMIT 65,000 | 10,000 320,000 16 days|The capacity of
refinery's tanks
1s unknown.
TORC 65,000 | 10,000 512,000 25 dayvs
. Average
Total 166,000 | 26,000 1,192,000 23 days

4)

The above table shows that each of ithe companies has the
reserving capacity of 20 ~ 30 days (23 days on average), but
this seems rather jusufficient in view of the unstable crude
oil supply and larger reserve in other countries,

Economic analysis

Crude oll handling cost can be lowered by raising the
rate of use of tanks. However, oil reserving will lower the
rate of wse and ralse costs. Further more, reserving of crude
oll requires not only additional investments, but additiomal
interest for the crude oil. Such burdens will give consider-
able difficulties to the management of petroleum enterprises.
The country must pay for equipment construction costs and
interests for reserved erude oils in view of the fact that
stable petroleum supply In essential for natlonal economy.
Sufficient reserve will not be realized without governmental
assistances.

Crude oll tanks are shared by twe or more enterprises
without serious problem 1n varlous countries.

Such a system can be easily realized in Sri Racha Distriet
with many petroleum enterprises. This will be an efficlent
reserving system,
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IV. NATURAL CONDITIONS AND NAVIGATION
~ CONDITIONS OF SRI RACHA REGION
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v, NATURAL BGNUITIUNS ANB NAVIGATIUH BUNBITIONS GF
SR HABHA HEG!UN

I Naturai Conditioue'

(l) MeLeorological conditions

This region 18 locaLed at. about l3° Noreh LaLiLude.- It be~,
lorigs to, the monsoon zone. SW wind prevails in summér- (June ~
: September), while NE wind prevails in winter (November ~ February).
- One yeay 1s divided into 2 rainy season (May ~ October) and a dry
“seagon: (November'w April) The amount of rainfall. is about 1,200
mm ~'l_400 mm/yéar. - The highest atmospheric temperature is
recorded in April. However, il remains relatively unchanged
throughout a year. Monthly mean temperature is 26 ~ 30°C.
1) - Wind _ _ L S
_ ‘ In- Lhe reglon dround Sri Racha District, an observatiou
O station belouging ‘to the Meteorological Department of the.
¢ Ministry of. Communications exists in Chonburl and Ko Sichang.
- The observation résults are shown 1o Fig. TV-1~ and Fig. 1V-2.

'According to the data at ‘Chonburl, $ wind prevaild in February

.~ Septembet, NE' wiad prevails in’ ‘October ~ December and E wind-

- prevails in Jaunvary. ‘The mean wind speed of S wind is slight~

1y larger than . that of NE wind. The mean wind speed was high—
est {in March (3. im/s.,) S wind generally has high wind speed.

The highest wind speed (31 sm/s. South) of the year was record—
ed in November, :

Aécording .to Lhe data at Ko Slchang, SW.~ W wind prevails-
in March N'September and N~ NE wind prevails in October ~
thebruary.' The mean wind speed 1s. 3,5 ~ 4.5m/s, slightly

“larger than. that at Chonburi However, the maxinum wind: -

. spead is geuerally smallel Lhan that at Chonburl. The high- =
est wind speed (20, Om/s.W) of the year was .recorded in July.
The differences between the data at these two places ars at-
tributable to the topographic effecLs, different obsevation
period and the ' IacL that Chonburi 1s located in the 1nland
while Ko Sichang is’ on an island.

: According to TORC's data, mild wind conditions and 2~
8m/s ‘account for 12.8% and 82, 6/, respectively, while 8.5 ~
13.5m/s. and 13, Sm/S.accounL for 4.4% and 0,27, respectlvely.
In other words, wind below 8m/s, accounts for 95 4%2. In sum,

' wind condiLions are satisfactory. )

‘With .regard to typhoons, the remaining force of a typhoon-
occasionally comes accross the Indo-China Peninsula as cyclone.

"However, they will hardly give any problem.
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Fig. IV-2 Records of Wind (Ko Sichang) 1958 ~ 1970
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VISIBILITY (we

14 ]

(FR

Fog .

Fop appears carly Iin mdrnings in December ~ Jaunuiary; but
disappeats almost cowpletely by eight o'clock. According to
the data at Ko Sicliang (Fig. 1V-3), the lowest visibility at
7 o'clock is 7.3km recorded in February., Low visibility is
racorded in October ~ April. Visibility is above 10km in the
other months, The annual mean visibility is 1ikm.

REMARKS
e — Q700 LST.
——— . MEAN
// //"\\7, fg.‘-———-—x\,//\
e e " T~
T— —/,/ RN R
.'/
. e
‘-_,“/,/
L.u:u'.' Féa M;R All’{l M:w Jljjﬁ J!.‘u ALlJG S‘EP 01':1 ml)'v DEC
Fig. IV-3 Visibility (Ko Sichang) 1958 ~ 1970
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3)

Atmospherile temperature
“Fig: IV-4 shows the atmospheric temperature change

- throughout a yeéar. Mean atmospheric. tempevature shows

URE °C )
.
(=]

ATMOSPI:,ERIC TEMPERAT
o

20

little change, The lowest . (26.3°C) was recorded in. January
and the highest (30.1°C) was récorded in April. The annual.
mean- aly tcmperature 1s 28, ? C. .The mean maximum alr
temperatire is lowest (29.9°C) in Pecember and January and
highest (33.3°C) in April. The mean minimum air temperature
is lowest (22.7°C) in January and highest (27.0° C) in April.
The maximum ~ minimum difference is 5 ~ 7°C.

REMARKS
~~~~~ MEAN
——-=  MEAN MAX
—--see= MEAN MIN
//‘\-—’..‘_____*
T T
e Tt
ol - ,— e T e,
. L e ——
S [
— - - . - T -
- - T - e T
‘_J”’- ““““““ L EPO
R el -

i i A I i A - b l ] 1 1

JAN FEB MAR Apit MAY JUN JuL AUG SEP ocT NOV OEC

Fig, IV-4 Atmospheric Temperature
(Ko Sichang) 1958 ~ 1970
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MEAN RAINFALL (Mm}.
8

Rainfall

Fig. TV-5 QhOW% the mean rainfall and the mean number of .
ralny days. ‘The data on. thé number of rainy days, show an
obvious distinction between a rainy season and a dry season.
The number of rainy days exceeds 15 dsys/month in May ~
October, ‘except: June (11.38 days/month) " September has the
largest nuimber of vainy days (17.9 days/month). On the other
hand, the number of ralny days is 6 days/month or less 1n
Novembet ~ April. January has the smallest numbér of rainy
days (1.3 days/month) The data on the amount of rainfall
also show a similar tendency. September has the largest
amount of rainfall (304.5 mm/month), while January has the
smallest amount of rainfall (5.7 mmf/month), The annual mean
number of tainy days is 114.2 days and the annual mean rain-
fall is 1235.0mm,

ofip  REMARKS I
oo MEAN RAINFALL : §

—em Dl MEAN RAIMY DAYS f N

20

LAYS (s i

110

MEAN  RAINY

/4f¢=rh,m_wf
K

[ Y L] L L 1 i L L -

JAN FEB - MAR APR  MAY Jun JuL AUG SEP OCT NOv DEC

Fig. IV-5 Rainfall and Rainy Days
(Ko Sichang) 1958 ~ 1970
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0

20

NOMBER OFf DAYS WITH THUNDERSTORM (| DAYS)

'ThundersLOLm

Thunderstorm% in this regton are said to be eeremely

..heavy.. Fig, ¥IV-6 shiows the number of days with thunderstorm.

Tt reveals that thunderstormg are, . frequenLly recorded in.

CAprdl -~ May and SepLemberfw OcLobeL, namely,_at WONS OO

changing. A thunderstorm visits this region on 108 days in
one year.. Since thunderstorms restrict outdoor works ;. they
nus t be considerad in a work. SChedule.

L . ek J— " PR -l ) B S

JAN FEB  MAR . APR  MAY JuN UL AUG SE9 oCt HOV [+ 139

¥ig. IV-6 Days of Thunderstorm
{Ko Sichang) 1958 ~ 1970
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(2) Marine conditions

1)

2

3)

'Tide

The Gu]f of Thai 'is generally shallow, and even more

-shallow in the’ inner part..  This accounts for the development

of a shallow water: tide. - The tidal difference exceeds 3.5m
at Bangkok Bar.. Both diurnal tide and semi~diurnal tides are
recorded in the inner part of the Gulf of That. The records
of tideg’ obtained at the tlde~gagoe qtation of Ko Sichang are
glven below,

HJLW, = +1,80m

nw, = +0.91;m

M.S.L. = +0.00m

LW, = -0.97m

L.L.W., = =2,48m
Current

_ The ocean currenL in the Gulf of Thai is generally weak
Tidal current: 1s said to be dominant, (Hydrographic Departv'
mert, That" Rayal Navy). :

According to the observation made (near Ko Sichang .

Island) by Hydrographic DepartmenL in April, 1972, the maxi-

mum flood tide was 1.3kt (nothern flow) and the maximum ebb

‘tide was 0.8kt .(southern’ flow) at the time of a spring tide,

On the other hand, the maximum flood tide was. 1.0kt (northern
flow) and  the maximun ebb tide was 0.5kt at the time of a

- neap tide,

According to FSSO s observatlon, the maximum f£lood tide

' _iSlN 020° 1, Ske and the maximum ebb Lide is N,215° 1.5kt near

ESS0 BLrth Locational differences must also be considered
in view of Lopographic effects and diurnal inequality.

Mowever, it may be safe to assume the maximum flood tide and

ebb tide as 1.5kt.

Waves

. Acgording to Lhe data of Hydrographic DepartmenL of Thal
Royal Navy, the wave heighL reaches 1.2 ~ 1.5m in the west of
Ko Sichang Island during the NE monsoon period and 1.8 ~ 2,4m
during the SW. monsoon period The maximum wave height is said

‘to be 3.6m during the SW nionsoon period It is not clear

weather maximum waves or 1/10 maximum waves, or significant
waves are meant., However, 1/10 maximum waves seem to be meant
because of thelr visual inmspection taechnique.

TORC has data on sea surface conditlions throughout a year,
{Table IV~1) ‘The period of the statistics is unknown. Accord-
ing to these data, the sea surface is calm on 212 days per
year aund smooth (0.1 ~ 0.5m) on 118 days per year.

In other words, the wave height 1s below 50cm on 330 days
per year. Since the allowable wave height for sea berth oper-
ation is said to be 0.5 ~ 0.7m, a sea berth will be physically
operatable on 330 days (85%) in a year,
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- Island,

Of the three propoqed sea berth coneruotion sites, A
and B are under similar conditions, while C ‘has bettey wave
conditions because 0( the sheltering effecL of Ko Sichang

_ Some affirm the presence of swells, while other negaLe
it.  Waves outside a fetch ‘seem to exist, However, such
waves (swells) seem to have Lhe eycle of 6 ~ 7 see. and the
hejght of 0,2 ~ 0, 3m._- S '

Table 1V~1
. el (Unic:  day)
Season Monch [Calm SmootﬂWSIigHt Mod Rough Very bad|Swell
NE monsoon period | Nov ~ Feb| 72| 30| 17 | & 1115
uTransitiohal period [Mar «-ﬁay 62 ) 26‘ | & . - wm_“ffggg;_—
Féw monéoon'period “;Ln ~ Sep | 59 :52 9 | 2 "m““ﬁvAMJ_;Ezfi
Tfansiti6b51 beribd WBEE ol o1e 1@‘ o2 - ] 28
Year Jan '~ Decf'212f 118 | 32 | 3 | | 350

(3) Geological Conditions

1)

2)

Earthquake

No numeric daté on edrthqﬁake'éré:available. Since this
region iu generally said to be without earthquake, there
seens to be no need of the consideraLion for carthquake.

'Submaline geology

I'ig., IV-7 ~ Fig. IV-8 show the xesults of the submarine
geologlcal sound wave invesLigation by the First Investilgation

 Mis3ion.

. Base 1s exposed aL ‘the centex both on the east coast and

:the west coast. of Ko Sichang Island Base is exposed or pre-

sent at. ‘a shallow place near the seashore of ‘the south of Svri

'Racha Refinery.

; Silt, sandy éilt or silty sdnd exist’ ‘on the base al the
oLher places.=
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3y

Groﬁnd_geblogy :

A$ Fig.:IV¥9 Shbws, Sri Racha Districp_seemS'to have

s good ground conditions} Hills run in the udrthfSQuth direc~
~tlon on the main land side coast and sand or gravel is- fourid

In. the ‘adjacent region. However, alluvial bed of 2 ~2,5m .

high above sea level {s found. in the back of the hills. Sofc

- materlals seem to be deposited on the bed. -

- On the’ other hand, Ko Sichang Island has mountains 1in

_ the north and about 60m high flat plateau in the south. Ies
- stiff foundation is'espeCially suitable for a tank yard.
Sharp cliffs with exposed base are found on the west of the .

island.  Similar conditions are assumed in the sea and they
will preseiit problems- for the laying of submarine pipeline.
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2,

NavigaLion Conditions

(1.

avigatable qhips in the water avea of Sri Racha

041 cankers: from ports of the Persian Gulf enter the project
water arca via Mdlacca Stralt because of water depth problems,
-This is because the: maximum allowable draft is 10m for the norih-
bound route via Sunda Sirait.

_ Currently, the maximum allowable drﬁfL for navigating Malacca
Stralt is 20m. : Thete is no pldn for dredging this strait to
lwprove the navigation channel.,

. Therefore,'the maximum dtaft of zom may be assumed for ships
entering the water area of Sri Racha,

Fig. IV~10 ~ Fig. 1V~14 show the principal specificaLions of
the VLCC and the ULCC that were recently constructed in Japan.

Table IV-2 shows the ‘average principal dimensions of these
tankers.

In view of the fact that efforLs are being made ‘to increase
P.W.T. and to 1ncrease the draft below 20m at the sane time,
tankers of 25 thousand DWT (maxlmum) will enLer Lhe water area of
Sl Racha,

Table IV-2. Principal ﬁimenéions of Tankers

(Unit:  m)

D.W.T. | Overall length Width Depth | Pull Drafe
o (Loa) | (Breadth) ) (d)

S P

290,000 DT Model 315 50 26 19,0
230,000 DNT Model 325 51 | 27 9.5

250,000 DWT Model : 330 53 27 20.5

o S B

270,000 DWT Model 330 55 27 21.0

e - R —

(For

reference) :
Idemitsu Maru constructed in 1966

206 0¢o B.W. T, 344 49.8 Jﬂﬁ‘23.2 17.7 J
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400

Recenlly constructed 128 Japanese ships
of at least 150 thousand  DWT

(From 1972 Edit_idn of Jajpéhese SH_@]) _

Specificatlons, “"Ships!" (1972, 1973))

) . e
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Fig. IV-10 ‘Relation between Dead Weight Tonmage and
Overall Length
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(2)

Setting of navigation channel

As discussed in the previous section, ships with the draft of
20m are assumed for the water area of Sri Racha since such ships
alone can pass Malacga Strait.

The South China Sea from the east end of Singapore Strait to
the CGulf of Thai has the water depth ranging between 50m and 70m.
The water depth of the Gulf of Thal is less than 40m in the north
of 12° North Latitude.

Gigantic ships (approximately 230 thousand D.W.T.) with the
draft of 20m can navigate at the normal service speed until 12°
North Latitude. Mowever, they wust lower the service speed to 12
kuots wichin the Culf of Thai in the north of 12° North Latitude,
at 40 miles south of Sattahip., The reasons for this are listed
below.

1) When a gigantic ship of approximately 200 thousand DWT navi-

gates at the full speed of 16 knots, squat becomes 1.6m in a
shallow water area where the vatio of water depth to drafe
(h/d) is 1.5.

2) The draft of a ship is changed by pitching and rolling due to
wind waves, swells etc.

3) The maneuvering performance, including steering performance
and turning performance, goes down when h/d is below 2.0.

Ordinary commerical ships {10 thousand GT class) travel
toward the north from the east end of Singapore Styait and veach
the point about 5 miles southwest of the lighthouse of Ko Chuang
Island in the south of Sattahip. Then they pass the west of
Kokram Island, besides either side Ko Rin Island or Ko Phai
Island, and go to Bangkok Bar.

For the previously given reasons, gigantic oll tankers
(U.L.C.C.) with the draft of 20m require the keel clearance of 4m
in open sea and the keel clearance of 2m in maneuvering water area
as “under keel clearance."

A navigation channel to be selected from the south of Sattahdp
to Ko Sichang must satisfy the following counditions. It must have
the water depth of at least 23m and the course change it requires
must be less than 30° in view of the waneuvering performance of
gigan ships. A ship's position must be easy to check. The navi-
gation channel shown 1n Filg., IV~15 satisfies these conditions.
{Sea Chart No. 1 published by Hydrographic Department of Thal
Royal Navy.)

The starting poiut is at 7.8 miles on the 205° of the light-
house of Ko Chuang Island in the south of Sattahip. Ships are to
navigate about 20 miles at the couvse of 330° wntll they veach the
point at 3.8 miles on the 270° of the 233m high mountain top of
Ko Khram Island. At this peint, they change the course Lo 000°
and navigate about 14.5 miles until rthey reach the point at 3.6
miles on the 090° of Ko Phai Island Lighthouse. Then, they change
the course to 021° and head to Ko Thal To Mun Island Lighthouse at
the south edge of Ko Sichang Island and navigate about 8 miles
until they reach the berth. This is set as the standard course

- 9 -



(3}

and one mile wide bands along 1t are set as the navigation channel,
A buoy is installed at the starting point and at each course change
point for indicating the navigatlon chaunel center.

-~ Service speed must be kept below 12 knots on this navigation
channel. Water depth of 25m ~ 30w 1s secured for most of the
channel, but a shallow part (21lm) exists at about 3 miles SSE of
Ko Rin Island, Ships with the draft of 19m {namely 200 thousand
D.W.T., or less) can navigate the route between Ko Khram Fsland and
Ko Rin Island at 6 knots or below. It i3 desirable to remove the
shallow part by dredging in view of the fact that tankers with the
draft of 20m (230 thousand D.W.T. class) enter the port., If it is
impossible, a buoy must be Installed at this shallow part to
secure the safety of ships.

In any event, further hydrographic surveying is requlred for
the final selection of a wavigatlon channel from the Gulf of Thai
to a berth near Ko §i Chang Island.

Improvements of navigation channel and navigation Facilities

1) A buoy wust be installed at the starting peint of the navi-
gation channel and at each course changing polnt.
Buoy lights with radar reflector which are visible at
the distance of 5 mliles must be used.
Starting point of navigation route
Approximate location
( 12° 24'W
100° 54,2'F
Course changing point, west of Ko Kram Isiand
Approximate location
( 12° 41.1'N
100° 44.1'E
Course changing point, east of Ko Phal Island
Approximate location
( 12° 55.8'N
100° 44.1'E

2) A buoy must also be installed to indlicate the shallow part
(water depth of 20m or less) near the navigation chanmel, A
buoy of the type described before should be used.

I The following two locations for indicating the south
cdge and the north edge of the shallow part located at
about 4 miles northeast of Ko Rim Island.

o 1
Approximate location (1350 22'3.§
129 51.6'N

Approximate location (1000 45.4'E

2. The followiug four locatlons indicating the shallow part
on the both sides of the navigation channel between Ko
Phai Island and Ko Khangkhao TIsland.

13° 06.0'N

Approxinmate location (]00° 4.4
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Approximatq 1opa;ion.‘(légo- ggf;g
(33"5 52N
100°  47'2E
o 1

| Approximate';qéation :(légo _gg,gg
. - The islands near the navigatlon channel are about
100 ~ 200 m high, They can be caught by a radar from
the distance of at least 20 miles,. Therefore; they do
" not require any additional shore beacon (light house
etc. )

“However, the 1ighthouse oi Ko Thai Pa Mo Island,
which serves as the heading target fotr a ship trdavelling
to the sea berth, must be improved, Its light reaching
dlstance must be improved from the current level of 9
wiles to at least 15 miles. Since it is not clearly
vigible during day time, its structure must also be
improved,

. The paint color of the buoy lights must cotply with
the 1nternationa1 standards, (See: Fig FIV-15 for refer-
ence, ) : : '

The navigation channel from the southwest ‘of Sac-
tahip to a sea berth coincides with the navigation chan-
nel of ordinary commercisl ships travelling to Bangkok
Port or Ko S1 Chang Port. If oil tankers continue to
_ travel to the existing sea berths of TORC, ES30 and
- SUMMIET, traffic problems will arise. In such a case,
strict navigaLion conLrol must be provided for safe
navigationr

Fishing is said to be prohibited along the COasL

from $rl Racha and Sattahip. Numérous fishing boats
occasioually seem to be engaged ‘in fishing in the west
and the south of Ko S5i Chang Island.

~ If numerous sea berths for gigantic tankerq are
constructed in the water area of Sri Racha in the future,
fishing boats will have to be controlled from frequent
traffics. .

ApproximaLe location
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(4} .Salecﬁiou-of sea berth'constructiou-site‘

‘fi)' General condirions for selecLion of sea. berth qite for
' gigantic Ships wbove 200 thousand D w.T.

1..

Water depLh

Gigantic: ships of course should wot touch Lhe sea
bottom. Furthermore, they mist have sufficient under .
keel clearance to walntain good maneuveting performatce,

Generally speaking, the following under keel clear-

'-ance is egsential in view of squant- during navigation,
‘the piLching and rolling caused by oscillﬂtion, tidal
“level, meteorological condition, marine phenomena,
:bottom material, shoaling by sedimenis and littoral

drifL, al]owance For the boLLom s cooling Water inlet,

. watet depth accuracy of marine charL ete.

Th/d L2 in open sea _
. h/d:j;;_1,15‘ 1‘.iﬁ’chéﬁnél outside the port
S hfdiz 11 in poTL .

'(H‘¥ wdter depth, A = draft)

In. other words, water depth of at least 21 ~ 22 m

_musL be. secured since ships with the draft of 19 ~«20 m
will enter the srd Racha sea berth

TMa:ine‘pheﬁpmenahi"

(a) Tidal flow

Since a gigantic ship has’ large dlafL, a fu]ly
1oaded ship is subjected to larger fluid pressure
attlibutable to tidal ciurrent than wind pressure,
Fluid pressure aLtributable to ‘tidal} cuirent can be
_compared with wind preusure ‘attributable to wind in
“the following manner. If identical area is assumed,
the tidal flow of 2 knots is equivalent to the wind
speed of 28 m/qec. When a ship receives tidal cux-~
vent of ‘the stem or the stern, 1t is subjected
“to 1ts 1/6~1/7 of the fluid pressure compared with
a ship. receiving ‘the same . tidal current at side,
Therefore, thé face line of a berth must coincide

" with the direction of tidal current,

‘Tidal current should desirably be below 1 knot

for good maneuvering,

(b) Swell _
~The hull is moved .by swell when the wave-length
exceeds 1/3 of the hull lengch, 7Tt is difficult to
maintain safety with current berthing facilities
when the wave height exceeds Jm. Therefore, it is
important to select a site without swell.
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(¢} Wind waves _

When constant wind prevails, waves are formed
and make berthing operation difficult. Tt is sald
that the maximum alleowable wave height for tug boat
operation is Y.5wm,

3, Meteorological'conditiOn

(a) Wind

A large fully loaded ship is not much affected
by wind gince its wind pressure area is small. A
berth should desirably allow ship to recelve wind
from Lhe stem or the stern. If a ship receives
wind In another direction, transverse pressure
produces rotary momeut and makes mancuvering dif-
ficult. '

An empty ship is subjected to larger wind pres—
sure. However, it can be mancuvered because of the
smaller mass as long as wind speed is below 15 m/sec.
The maximum allowable wmeéan wind speed for docking
and undocking is 15 m/sec,

{b) Visibility

When visibility is below 1 mile because of
rain ete., it is safer to delay port entry and
departure operations. The frequency of narrow
field of visibility must also be considered in the
selection of a berth site,

Necessary water area for mancuvering

Gigantic ships of 200 thousand DWY class must lower
their speed to 4 knots in approaching a berth. Since
their maneuvering performance bhecomes extremely poor,
sufficient water area must be secured for docking and
undocking.

In the case of a fixed sea berth, a fully loaded
glgantic ship enters a port with the stém in the front.
When empty, it undocks and makes a turn in frowt of a
berth and leaves the port. Therefore, a water areca with
the length of SL (L is the hull length) must be allowable
almost in parallel to a berth's face line, For undocking
aid turning, a space with the diameter of 2L {minimum)
must be allowed in front of the berth. The same water
area 1s necessary for a wultl buoy mooring type sea

berth.
In the case of a single buoy mooring type sea berth,

_a water area with the radius of 3L ~ 4L is necessary

around a berth in consideration of a ship's whirling
during wmooring. Furthermore, a water area of 51, - 7L
is necessary arcund a buoy to allow approaching against
tidal curreat at Lhe stem,
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2)

Navigation chamel

A navigation channel leading to a sea berth should
desirably be without any bent, 7Tt should have good wind,
tidal current and wave conditlions and be used exclusively,

The width of 4 navigation channel is determined on
the basis of wind pressure, fluld pressure, water depth
and traffic situation etc,  The width of 1.21. is neces-
sary under the assumption of wind speed below 15 m/sec.,
no transverse current, water depth h/d = 1.3 or higher.
Additional 2B (B is a ship's width) is necessary when a
current of 0.5 knot due to tidal flow ete, exists,

Watey arvea for safety

Since dangerous cargoes, such as oils, are handled
at a sea berth, f{t must be sufficiently far from the
berthing facllitdes, navigation routes and anchorages
for ordinary ships for the sake of safety. Marginal
water area nmust be allowad to prevent pollution due to
oll leakage and to ptrevent danger, sich as fires.

Therafore, a sea berth must be constructed at least
1500m from the above facilities.

Sri Racha Sea Berth construction site

The three sites A, B, C shown in Fig, IV-16 wvere selected

as proposed sea berth sites on the basis of Sea Chart No. 1
published by Bydrographic Department of Thai Royal Navy and
the water depth chart prepared by the First Investigation

Mission as well as in consideration of the above conditions.

These three sites were selected with the assumption of

a fixed sea berth and deouble mooring.
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20m coplar is Lased on the
Fivsi Mission and ameorican
Chart No. 932hh {FoGh)

GULF OoF THA:LAND.

BASG-FrPA

SRIBACHA

"'_W"?( SEA BERTH

LEAR-{HABAKES

THIAT L AND

Fig, IV_-l_6 Proposed Si‘tésl for 'Se_,a- Berth Construction
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(5)

Tug ‘boats

: Gigantic ships above 200 thousand DWT are difficult to
maneuver because of theixr large dnertia aLLrianab1c to large
weight ‘as well as extremely low steering effect aLLribuLable to

-deep drafce. Gigantlc ships tequire the assistance of Lu? boats
“for passing through a narrow channél and . for docking . and wndocking
at a sea berth since their navigation speed must be kept below &

" knots ‘and sihce they cannot be maneuvered by thelr own rudder and
- engines near a berth.

The maneuvering pattern which a gigantic ship £o]lows for
docking at a fixed sea berth can be summerized as below, A
gigantic ship is attended by two tug boats from the entrance of
a channel leading to a berth. They assist the navigation through
a nartow channel., Then it is attended by all the tug boats. at 1
~ 1.5 miles from ‘the berth, Itq hull 1s. stopped in parallel with
the berth's norma] 1ine at 2 ~ 3B (B = beam) from the berth.

Then, the ship 1s lald alongside the bérth by tug boats.

The required thrust and number of the tug boats used for un-
docking depend on the geopraphical conditions, weather and mayine
conditions. Table IV-3 and Table IV--4 show approximate figures,

' ~ The. tug boat requirements for undocking at a fixed sea berth

©and a multi-buoy’ mooring type sea berth has been discussed.
However, two tug boats are usually required for mooring and un-
mooring at a single buoy mooring type sea berth. '

“Naturally, & mooring facility for these tug boaLs must also-
be conetructed :

Table IV~3 ~ Required Thrust of Fleet of Tug Boats

o Full load status . | = Ballast status
Large - tanker Water depth/draft (hfd)y | Wind speed
(®.W.T.) 1.1 [1.2 13.3 [ 1.5 | 10 m/sec| 15 m/sec
100,000 110t | 90t| 8ot{ 70t 60t 115¢
150,000 woc |120 | 100 | 85 70 135
200,000 | 160t |140 | 120 | 100 80 160
250,000 185¢ {160 | 140 | 120 95 185
500, 000 2106 180 | 155 | 130 115 210

- 101 -



Table IV-4

Number of Tug Boats in Fleet

Large tanker Number of tug boats Number_of_tug boats
M.W.T.) at port entry ‘| at port departure
60,000 - 80,000 2 ~3 2 ~3
’_,_.,_..._,___.__.__m — S A O ——— . S
80,000 - 100,000 3 B 3
100,000 ~ 130,000 3~ 4 3
100,000 - 160,000 4 3
160,000 ~ 200,000 b~ 6 3~4
Deivared horsapow:n Assumption;
ps A tanker approaches a pier in paraflel to '
P 18,000 22000 2200 o tha piar’s naemal lina at the traversing ]It‘ﬁ \;f
14.000}- ! 200 z speed of (,15m/s at the against wind of 6""“ b
- . - 1 AY . .
14,000 3 10m/s and the weather tide of 0.10mf?. éef‘/'/
woy "y s o Lt
12.000 ?60 / -
10,000} /"/ ﬂ/ 23 |
10.000 Mo L T LATs —
8,000 120/ // /f/ // V/
| 2.000 / / // V”’I
1
8.000¢ V/ VV /MM
6.000 80 'r/’//’ﬁ:::
4.000-{000 40 é/
[ 40
zmﬂ“zmm
20,
0[ 1 S W i i Fl | L i X £ 4 — . J
4 & 8 W 12 14 8 13 20 @2 24 2 38 30 3z

Z e

- propetier e ©__

Vargbe pich

fuiih nozzie)

Soh;\eidor
propeiiec type

Weight tonnags of super large tanker ( nwt 10,00000)

Fig. 1V-17 Required thrust of fleet of towboats and delivered
horsepower by propulsion types (Full load condition
is assumed for super large tanker)

- 102 ~



3. Conmparison among sea berth construction sites

Table V-5 compares the three proposed sea berth sites in terms of
natural conditions and navigatlonal coiiditions.

Table IV-5 Characteristic Comparison of Sea Berth Comstruction

Sites
r* Site A Site B Site C
Approximate 13°-8.8'N 13°-3.8'N 13°-5.3'N
location 100°-47,0F 100°~47.9E 100°~51.0F
SSW ~ SW SswW
Mean 4m/sec. Same as left Mean 3m/sec.
" Max. 20m/sec. ‘ Max. 20m/sec.
Wind .
NEF NE
‘Mean 4m/sec. Mean 2.5m/sec.
Max, 15m/sec. Max. 15m/sec,
i - - —]
Wave Wave Wave
Mean wave Mean wave Mean wave
height 0.5m height  0.5m hedight 0.5m
Wave .
Mean wave Mean wave Mean wave
height -at SW height at SW height at SW
monsoon 1m monsoon Inm monsoon Im
No swell No swell No swell
S . —
Flood tide flows Flood tide flows
to north at max, to NNE at max.
speed of 1.5 knot speed of 1.5 knot
Ebb tide flows Ebb tide flows
Tide to south at max, to SSW at max. Same as left
speed of 1.0 kanot. aspeed of 1.0 knot.
Max. tide range Max. tide range
1s 2.0m. _J is 2.0m.
Face Direction of Direction of
line of tidal f£low: tidal flow: Same as left
berth North-South NNE-SSW
Fog appears early
in mornings (1L ~ 2
hours) from
Yog December till Same as left Same as left

January.
It hasg hardly
any effect,
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"Site B

Site C

ships -

Site A
25m ~ 27m 22m .~ 27m 22m o~ 25m
o . I “A guiding chamel
Watey (shown in Fig.
depth (I¥-16) must be
dredged fot entry
to C.
Waves are : Waves are Waves are smallest.
slightly higher | smaller than at Mooring basin is |
than at the other - [ A because of restricted by water|.
sites. Since dt | dsland in SW. depth.
is open to wind Sufficient moor- Mooring 1s most
" during SW monsoon ing basin can ~difficult among
period, mooring be secured. the three sites
is restricted Mooring is easy. because of the
for many days. narrow channel.
Mooring Sufficient moor- : _
ing basin can be Mooring is ordinary
secured, but an if asufficient tags
empry tanker ib are attached.
subjected to ‘
~larger wind pres-—.
- sure than at the.
other sites.
. Mooring is
. ordinary.
Tidal change must Tidal change must | Tidal change must
be walted when be walted when be walted when
tidal current is tidal current’ 1 tidal current is
strong. a 48 strong. gtroug.
It is on the
‘navigation route
leading to TORC's
sea berth and
ESSO's sea berth.
It will require
navigation rules
7 and necessitate
- Trouble - o . tug boats for.
Ciplth othier” ! NMone 1 None tankers entering

or leaving from

curtvent sea barths.

It wlll have

problem with ships
entering or leav-

ing from the decp

sea port of Laem
Chabang in the

“future.

It will require
navigation control,
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Site A

Site B

site ¢

On entry
}channel

‘There 1s no need
for constructing

an entry channel.

Same. a5 left

Ships must pass a
shallow zone (15 ~
18m deep) to enter
¢ from Culf of Thal~

land, ‘TFherefore, :
an 2800m long and
450m wide eutry

channel must be

dredged at -21m,
as shown in Fig.
1V-16.

.Oﬁ navi-
‘gational
alds

Entry from Gulf of
Thailand requires
the navigational
aid listed in
subparagraph (3)
on Pages 93-94.

and two buoy lights,

as shown in
Figf IvV-16

Two additional
buoy lights are
necessavry

In additdion to the :
buoy lights neéded |-
for B, eight buoy -
lights must be
installed at the’
both ends and the
both sides of the
entry channel
(Fig. IV-16.)

On filshing

‘boats

Numetrous fishing
boats stay in
this water areca
occasionally.

Not many'fish~
ing boats stay
|here.

Fishing is pro-
hibited.

Problems
with other
ships

It is on the
navigation route
to other sea
berths. 1If a
deep sea port is
constructed in
Laem Chabang,

1 numerous ships will

eitter it and leave
for Ko Sichang or
Bangkolk.

sdequate naviga-
tion control will
be required 1u
such event.
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On future
expanslon

Sice A
Sca berth ex-
pansion will be
possible.

Sawme as left,

Site C

Another sea berth
can be constructed
between Ko Sichang
Island (north of
C) and the land.
However, it re-
quires Integrated
planning with the
current three sea
berths. Then, &
sea berth with the
best wave condi-
tions will be
obtained.
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V. SEA BERTH SYSTEM






V. SEABERTH SYSTEM
| l. Claseificatiou of sed berth eystoms

Sea beth syetems can be roughly classified into private systems and
common systems. A study of the: international tendency reveals that privaLe
l*eystems are overwhelmingly popular at the initial stage, but that conmon
'sySLems incréase along with the increase of petroleum enLerprieee within a
country and the decréase of adequate’ sjtes. “The recent construction oF '

. colmon’ sea berths is explained by the use of gigantilc crude oil tankers used
by large enterprises. The necessity of a common sea berth system has been
increasing vot only for econoiic reasons, but also for a natlonal policy for.
stable supply of petroleum energy. '
An ordinary sea beth system consists of the forlowing facilities.

‘Sea berth ... Lt ds: used for unloading crude oils or for loading

: products, - A{abbreviated as )
, Tank,.,.;},..-lt 1s.used for storing crude oils or products
B (abbreviated as Yo :
-_Pipe-line voo If1s used for transferrlng crude oils or producLs

;w(abbreviated as (E))

'3 The following facilities are relaLed Lo a eea berth.

Refinery, peLrochemical plant ...'Crude oils or petrochemical raw S
- materials . are processed
. S S f(abbriviated as . 3 R :
Tanker, lorry .i...i.i.i:c.c0i... They are used for traneferring
= o : - erude olls or products..:_
Ty L S D P T SO - {abbrevidred as s )
" Other affiliated facilitdes...... They facilitate smooth operation

~of a sysLem

'(1)raPrivaLe sea berth system

A private sea beth systéem is’ coneructed by an enterprise
for its productjon.f 1¢ is possible to deeign an optimum syeLem
for an. enterprise 8 production eysLem, 1ncluding plant scale and
'production forms. However, a large system requires enormous in—

- vestments . (mosLly for infra~structure) aud raises a question of
_-doubtful profitabllity."’ .
. ‘The Following forms (inc]udiug related facilitles) are con-

.ceivable.. {A sea. berth eystem is surround by dotted 11nes ).

_1)' Type 1

VP

'Currently, this is the most popular system, This form
_has been adopted by ESS0 and TORC, '

- 109 -



2) . Type 2

o This form is. also reiativelffpeﬁu1er; 7Thisihééfﬁéédfff
adopied by SUMMIT . T I

.,'3)" lype e

. h—.ﬁﬁ---.-.w‘-"'..h-‘ @

L-,_,h_.»,“-,--J

"S_'ubl-Sysi.ém l‘ :

This form has become pepular in recent years." Nippon
Oil Co.; has adopted this form., Tts" sub—system Ads usually
‘called as CTS. . The - CTS of 4 rivate sysLem is characterized
by the fact that e RED) belong to one enterprise o
. to one- familiy of '@ terprises., In any event, a private
”.system offers benefits to specific users aloue._

'3?(2)’ Common sea berth system

. A common sea berth system offers benefits to several euter— R
piises or to- the country ot public euterprises._ Therefore, ‘lhvest~

S ments and finaneial dangers’ can be distrlbuted among beneficiaries
.even T the ‘case: of-a, large system.- This: is the advantage of a B
. commohsea hereh system, HOWever, 4 common sea berth system can -

| ‘Ebe established only when' various conditions (usersﬁ site conditions}.

"1operational conditions and ‘o1l Lypes) are. saLisfied,_'

The” follewing forms (including related facilities) ere con~ffir

‘Ei;ceivable for a common sea berth (A sea beth system is surreunded
ieby dotLed'liues ) SRR ; : .

TN



 This is the mos t popular system for a common sea berth
Kejyo Sea Berth belongs to this type },_,‘3 .

2y Type 2

_ lhis is a Lransitlonal system leading to Type 3. - This
R system ‘can be- established 1f . SUMMIT participates in this
R project under the current conditions T

' _3)'_ Type 3,.‘:11

 '7fSub;Systeﬁ_B"

Thiq is the most completed form, " This system is assumed ‘

-as the target for this preject. The. “gub- =system B of a common
‘system 18 equivalent to €IS in.a pri ate system.: This system
1s charqcteri/ed by the facL that _. @ ‘represent
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{3)

different enterprises, comiries or pubttc enterprises,
These system conponents and the rclated factors arve
explained below by Laking Type 3 as an exanple.

(1) Ouean~going crude oil cankers
(2) * Crude oil importing sea. berth
(3) Crude oil ‘transfer. ‘submarine pipe line
(4)  1st stage crude oll storage tank
(5) Crude oil transfer pipe ldine

(6) Crude oil exporting sea berth
(7) Coastal tanker of crude ofl
(8) . ?nd-stage criude oll tank

(9) Refinery plant pipe line

{10) Refinery plant

(11) Refinery plant pipe line

{12) 01l product tank

(13) 0il product pipe line

(14)  0il product shipping sea berth
(15) Coastal tanker of oil product

Sri Racha sea berth project

" A common sea berth system is to be studied for this project

by assuming the. three’ petroleum refining enterprises. . A comnon

-sea berth system’ is’ possible in 8ri Racha area for the following
reasons. . The three enterprises are geographically close to one

another and handle similar. oils: The total crude oil dmport
volume of the three enterprlses is large enough fot & large
system, ‘

. The plesent prOJect covers . Lhe line from the crude oil import-
ing sea berth to the lgt stage crude oil storage tank, The subse-
quent studies wlll be limited to this scope. (See Fig. V-1 for
reference. } :

1) Form of system

Three sites (A, B, C)} have been proposed for a common
sea berth sy%tem for Sri Racha arvea because of natural con-
ditions and navigational conditions. The form of a sea berth
system for each. of the proposed sites is. shown below. Relat-
‘ed factors are also included in the drawings.

{a). Site A .

'Kblslcha“81151a"d Land

One pipe line
alone

“Ong Fipoline/1B

A i v ——

_ Sobpe of projost

4
N
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(b)

Type 1 and Type 3 must be mixed for the site A
gince Ko Sichang Island is to be used as a tank yard.
In other.words, crude olls are unloaded at the sea
berth and transferred to tank on Ko Sichang Island by
a submarine pipe line and sent to the land by a sub-
marine pipe line and then transferred to the enterprises

tanks. .
_ Cne pipe line is required for each berth for (g)
~ » but one pipe line is sufficilent for (T )~ land

regdrdless of the number of berths.

Site ﬁ and Site C

, . }
One pipe linqdia

LAND

Type 3 is possible at the sites B and C. Crude
oils are unloaded at a sea berth, tramnsferred to a land
crude oil tank by a submarine pipe line and distributed
to the enterprises by land pipe line. These siteés
require tanks of smaller capacity compared with the site

AL

i

i

| ) |
Scope of project !
. L L}
!

L]

One pipe line is required for each berth for (:) ~

2) Characteristices of Sri Racha sea bevth system

(a)

Buffer tank

The common crude oil tauks of this project differ
from tanks of ordinary CTS in thelr role. The Mission
named them as "buffer tank'"., They have the following
functions. Basic reserve 1{s to be secured independently
by individual enterprises. Buffer tanks are to be used
for temporarily storing the crude oils that have been
carried by tankers. This leaves considerable room for
objections. Tanks equivalent to necessary rescerve must
be constyucted for truely ensuring stable supply of
petroleum energy. However, each enterprise has aboul
23 day reserve, as discussed in T1T. The concept of
buffer tanks was introduced Lo avoid double investments.
Therefore, a buffer tanker should be large enough to
stare the oils that have been carried by one tanker.
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The: introductibn of this Cankeér allows the Thai Goﬁerﬁw
ment ‘to draw an energy. policy,. especially an ‘oll reserve

'.policy, 1ndependent1y of the onLerprises.

Jbri Racha sea berth eystem and SUMMIT

 SUMMIT has a special position ERY this project,
Currcntly, SUMMIT's - refinery is- 1ocated in” the ‘south of

N Bangkok. It has a sLorage tank mainly 1u Sri Racha

rigion. If a ‘sea -berth 1s- eonstructed at the site A,
crude oils can be Lransferred to- Bangkok without using
SUMMIT's eurrent storage tank’ of Srl:Racha Reglon by
connecting SUMMIT s’ existing ‘sea berth and the buffer
tank of Ko Sichang Island with a pipe line. If a sea

" berth is constructed at B or C, SUMMIT s current storage'

' tank can be.used as a- buffer tank._ ‘Therefore,  the lat-

ter two sites are ‘far niore advantageous than A although

.a selection must  be ‘made in consideration of the other
: parLicipating enterprises.

Tor the feasibility study of this project, the

'current systems of the enterprises were assumed and a
‘common sea berth system was considered as.an addition -
‘to them. Oils are to be temporarily stored in a: common:
‘}buffer tank and' then transfeired to plant tanks regard#
‘1ess of construction site (A B or c).
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2. Current sea berth systema

. FSSO, TORC ‘and SUMMIT are located in: Sri Racha Region, as stated before
Their current system is described be]ow

(1)

@

2)

S

ESSO

e

. :1)'

3

Sea berth

Tt has A multiple mooring type buoy berth._ 1t allows
the eniry of 90 thousand DWT‘class tankers, ‘It is the largest

H_sea berth in Thailand.

‘Pipe Iing.._'
Plameter; 32
Length. - 1.5 km
_Crude oil tank ‘
It has two’ 130 thousand KL tanks and qne 100 thousand KL
oo tank. (total capacity 360 thousand KL) :
TORC
Sea belth .
£ has a single mooring type ‘buoy berth. It allows the
_entry of 60 thousand DWT class tankers
2)  Pipe line' |
Diameter 24"
Length: 2 km
3) Crude oil tank
It has two 78 thousand KL tanks, two 55 thousand K1, Lanks,
[our 34 thousaad KL tanks and four 27.6 thousand KL tanks. :
(total. capacity 512.4 thousand KL)
SUMMIT.
1) Sea berth : o O P
It has a- fixed type dolphin berth. It allows the entyy
of 60 thousand DWT class tankers. SUMMIT rents ESS0's gea
- berth for 1arger tankers.
2)  Pipe line
' Diameter: 18" and 8"
Length: 1 km
3) Crude oil tank

Its total tank capaclity is 320 thousand KL.
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(4

(5)

Crude o4l handling capacity and reserve capacity.

When the maxinum length of a tanker stay's 19 agsumed to be
5 days, 1t is estimateéd that .ESS0 Sea Berth can: ‘handle about 7,800
thousand Ki, of imporfed crude oils annually and TORC Sea Berth and
SUMMIT Sea Berth can independently handle about 5, 200 : thousaud KL
of crude oils annually. = {(More detalls will - be given in IX).
These estimates are based on the assumption that the largest per"
missible tankers are used and that these sea berthis are not qhared.
The actual figures will be ‘congiderdbly lower than the estimates
since tankers of 20 ~ 30 thousand DWY class tankers often go Lo
TORC Sea Berth. Turthermore, SUMMIT uses ESS0 . Sea Berth., Such a
system obviously cut a stay in a port. The storage capacliy of
these enterprises was discussed in ITI, The totallétorage capa-
city of the three enterprises is 1,190 thousand KL (equivalent to
23 day consumption),

Sea berth of crude- oi] shipping port

A1l the crude oils that are irported: to Thailand come from
Mear Middle Ragst. -Tablé V-1 shows the crude. oil shipping sea
berths in Near Middle East. Note that the list is restricted Lo
those sea berths which permit the docking of 200 thousand DWL or
larger tankers. Smaller facilities are not included in the table,

Since the 1nternaLional popularlty is. directed toward 250
thousand DWT tankers, facilities for 200 - 300 thougand DWT class
tankers are availdble at crude ofl’ shipplng ports. Therefore, the
assumption of larger tankers for this project will mnot bring up
any problem.

Table V-1

Sea Berths in Near Middle East

Country

Port

Water Depth

{m)

Allowable tanker
(DW1)

Remarks

—

Lran

Kuwalt

.

Kharg Island

20.8

200,000

Mena al Ahmadi

27.6

320,000

Saudi'Arébia

Ras Tanura

25,5

200, 000

| Oman

fMeha-al;Huharu-

22

—

280,000

Nigerié

Escravos

22

200,000

Neutral zoue

Khafji

20

250,000

Completed in
Feb., 1972
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3. 8yl Racha sea berth eystem

The Sri Racha sed berth system 1s concretely explained bclow.

(1) Scale of system

1) Sea herth,

Tankers of 200 Lhousand DWT class arc assumed for rhis

project. The ¢rude oil handling capacity of the sea berth
can be estimated as below.

(a)

(bl

Assumptions

a. Tanker arrival distribution shall be Poisson diskri-
bution. \

b. Service time distribution shall be exponential dis-
 tribution. Average service time is assumed to be
2.5 days/tanker including stay due to weather and
tidal eurrent ete;

¢, . Tankers are to entei the sed berth in the order of
arrival.

"Handling capacity based on queuing theory

If time unit is assumed to be 1 month = 30 days,

‘the service rateé per Lanker will be” p = 30 days/2.5 days

= 12, If the monthily mean of the number of arriving
tankers’ is known, the traffic density p=Ajeu (C=
number of channels, number of berths in this case). An
analytic solution has been obtained when 0 < ¢ <1. The
avérége waiting time Wg = E;z%:;; and the average length

1}9 . However note that Wy and lq are
applicable to those tankers whose departure has been
delayed. They are not the averages of all the tankers,
We must revergse thig flow of thinking to obtaln the
capacity of a 200 thousand DWT class berth. The crude
01l handling capacity of a berth 1s obtained by the
following equation.. The specific gravity of crude oils
is assumed to be 0,83.

Capacity (C) = (200 tﬁousand DWPT + 0.83) x %
: X 12 months

of queue Ld = 575

.The.fqllowing table gives the result {capacity)of this

equation at Wq = 1 day, 3 days, 5 days.

~- 117 -



Number of Demurrage | 1 Can e S
berths (days}) - S 2. [Capactty ‘”Rcmatks
R wa_— S .. R 1:
: 1 - = - p <0
1 3 0:167 | 2.0 | 5780 |
B S AR RS -
5 0.500 | 6.0 17,350 B :
1 - - - p< 0
2 | 3 0.583 | 14.0° | 40,480
5 0 7_50 18.0 | 52,050
1 0.167 6.0 17,350
3 3 o o._:lfz_;z__ 26,0 _‘2_5_3180 ' al
5. 0.834 | 30.0 86,750
The capacity of Lhe sea berth in question is to be
_determined on the basis of. these results. The Missiom
set- the crude oil handling capacity for this projéct by
aqsuming the delay time of 4.6 days on the basis of the
_data obtained at Japanese sea berths of 200 thousand
DUT class L
1 berth ,16 000 tbousaud KL/year
S G 53 tankers/month)
2 Bérths' ' 50 600 thousand KL/year
s (17 5 tankers/month)
3 beréﬁsn 86, 360 thousand KL/year_
B _ '-L(29 8 tankers/month)

o ' The above handling capacltles are based on the -
*assumppion that ‘all the tankers are. of 200 thousand DWF
¢lass., In reality, however, tankers of various classes

. enter’ a sea berth., So. that the foregoing capacity

.'figures will have to be reduced to 60~ 70%. 1in any
L even, the above . figuxes 1ndicate the maximum crude oil
: ,'-handling capacity of 4.gea- beth under the presenl sea
"-j'berth System S
“(e) Number of required berths

The number of required beths was calculated on the
basis of éstimatéd import volume of crude oils at each
period- and under each plan, The resuits are shown below.

- (See Fig. 111-15 for reference. )
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2

Cplan- | 1980 | 1985 | 1990
SRR I S P
X 1 i 1
Y R S 2
z 1 2 2
u 1 p 2

Pipe llne

“The pipe 1ine9 must have Lhe diameter of 48' arid the oil
Lransferling capacity of 15,000 KL/h because of large tankers
(200 thousand DHT class} and their 1arge pumping capacity,

S If a sea berth 1s constructed at. the site A, one pipe-
lizie. must. be installed for each berth for the 2.3 km distance -
from a' sea berth to Ko Sichang Lsland and one submarine pipe :

~Line alone is necessary for the ‘7.9 km distance from Ko '~

Sichang Island ‘to the 'land. ~In thid case, a boostér pump is
necessary for transferring oll from Ko Sichang island te the

“land side, In this respect, A is- 1ess advantageous than. B
" and G, The site A also- requiree ‘one 1.3 km pipe line for a
-”oneuberth system and one-0,7 km pipe liiie for a. two-berth"
“gystem,. . If the B 1s selected, one 9.0 Kin submarine pipe line.

rnust be. inqtalled for ‘sach’ berth Of “the three sites, the .

csite B requires the longeqL pipe line. It also requires a

0.5 km ‘Land pipe iine for each berth, which requires tunnel
excavation. The site C requires a 3.0 km long submarine pipe
line for each berth. . In. oLher words, the site G requires the
shortest submarine piping The sites B and G are almost
equal in terms of land pipe lines and twnnel excavation, The
pipe line length required for each site 1s given below.

{(Unit: KM

“Site

.1 Berth - [~ 2 Berths | = Total

S R | i Remarks

“Submarine | Land | Submarine | Land “Submarine Land-

©10.2

A3 2.3 0.7 |’ 12;5_‘ 2,0 Booster pﬁmp is
T ’ "} requived. -

9.0

0.5 | 9.0 0.5 18.0 1.0 | Tunnel excavation
' | 18 required.

3.0

0.5 3.0 0.5 6.0 1.0 | Tunnel excavation
' . ‘ 1s vedquired,
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3)  Crude oil storage tank and tank yard

{a)

(b3

(c)

Crude oil tank

Crude ol tanks of about 150 thousand KI, (max.) can
be constructed along with the appearance of large tankers
and large refining systems and rechnological progresses.
The permissible size of a new crude 0oll tank 1s hardly
determined by types of crude oils, but is determined by
the bearing force and subsldeunce of ground A crude oil
tank of 100 thousand KL is adequate for special crude
oils (Minas ete.) if tankers of 100 thousand NDWT or less
are used because of a shipping port's small water depth
or small production.

Crude o1l tanks of 150 thousand KL are assumed for
this project. The number of required tanks is studled
heve on- the bagis of this assumption.

Buffer Lank

The capacity of a buffer ‘tank shOuld be large enocugh
for temporarily storing crude oils one 200 thousand DWY
tanker. Two 150 thousand KL tanks must be constructed
at the site A under the one berth system, while one 150
thousand KL tank must be constyucted at the sites B and
C in consideration of the capaclty of the existing tanks.
When the system is lmproved into a two berth system,
another 150 thousand KL tank must be constructed to
retain the functions of a buffer tank,

Tank yard

The estimates of Thailand’s c¢rude oll import are
given below.

1975 8,800 thousand KL
1980 12,800 "

1985 18,900 "
1990 25,900 "

Therefore, oil refining capacity must be increased
to approximately 515 thousand BPSD by 1890, which mean
an increase of 350 thousand BPSD over the current (1974}
refining capacity of 165 thousand BPSD. [ESS0, TORC,
SUMMIT and TIPCO already plan the expansion of 30 thou~
sand BPSD, 35 thousand BPSD, 35 thougsand BPSD and 100
thousand BPSD, respectively. Their total is 200 thousand
BPSD. The difference 315 thousand BPSD is the target for
new expansions. If stage construction is considered for
new.expansions, 1 set of 150 thousand BPSD and 1 set of
165 ‘thousand BPSD ave expected as refineries. The land

areg that is required for the new facilitles is estimated
-below. {Table V-2).
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Table V-2  Required Plottage by Refinery Seale
. ' (Unit: ha)
. o . ‘
Ho — Scale 150 thousand 165 thousand Remark
) \\\\\\‘3>_BPSD per system|{BPSD per system o
item
- : — ] . — S —
1| Refinery plant 14 15 Roads, office warehouses
Urilitcy facility are included.
I—-—-r-—- [——-ﬁw——ﬁ- --------- — ———— e b n .

2| 041 tank yard 69 76 Storage -~ 60 days, tank
including road Joccupation ~ 60%

3 { Product tank 45 50 The capacity per tank is
yard {(railway, assunmed to be 10 ~ 50
loading yard) thousand KIL.

Storage -~ 30 days, tank
L occupation - 50%
Total 128 141

The above rable shows that 270 ha 1s needed.

{d) Tank laveout
The layout'of refineries and tank yards must be
determined on the basis of natural conditions and the
scale of oil refining industry. The following two cases
are possible, :
Case 1: Crude oil tank vard, refineries and product
tank yard etc. are constructed in Laem Chabang
District., (See Fig. V-3 for reference.)
Case 2: A part of a crude oil tank yard is constructed
on Ko Sichang Island. 1t is used alsc as a
base for transfer to SUMMIT. The other crude
01l tanks are constructed in Laem Chabang
District with a refinery and product tanks.
(See Fig. V-4 for reference.)
Case 1

in refining processing and petroleun's characteristics.
constyuction requires good soil counditions.

The ground for a crude oil tank should desirably be 5 ~
10m higher than a refinery in view of the flow of petroleum

Tank
In view of these

conditions, a crude oll tank yard should be constructed on
the loam ground in the mountaln zone or in the southern

coastal zone.

The previously discussed paddy field zone

should probably be used for refining facilities and a product
tank yard. It will require adequate ground improvement.
Ground improving wethod should be determined on the basls of
thorough geological investigations, the load strength, char-
acteristics and shape of siructures etec.
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315 thousand BPSD 1s shown below.

Since all the ground facillties are constructed in Laewm
Chabang District under Case 2, compensations to residents for
the use of their plantation and moving will bring up con-
siderable problems.
The area thal is needed: for a crude ol tank yard for

Sufficient arca is obtain-

ed in Laein Chabang Distriet for a tank yard, a refinery and
a product tank yavd..

Refining Cride oil cank ﬁumber of 1otal Area
capacity . tanks capaclty
thousand ten thousand . ten thousand
BRSD KL KL . ha
150 15 16 240 69
—— PR R o - —— - _%__, -
165 15 18 270 76
- S U U S JS———
Total
315 34 510 145
I
Case 2 .
Location Crude oil tank Number of tanké Total capacity |Area
ten thousand
KI. vank ten thousand KL{ ha
Ko Sichang Island 15 20 300 62
thousand BPSD ten thousénd KI,
Laem 150 15 7 105 30
Chabangj——— | """ [ S - ——f——
1165 " 7 105 30
Total 315 34 510 127

ed in Laem Chabang District,
twenty 150 thousand Ki, tanks in Ko Sichang Island.

Under thils plan, some crude o0il tanks are constructed on
Ko Sichang Island, and the other crude oil tanks are construct-

It is possible to construct
This island

_is'a plateau of almost flat basement and its altitude is about
It provides aboyt 65 ha of land for tank construction.
Since it is infettilc and its height and distance allow direct

- B5m.

transfer of crude oils by crude oil tankers'

 Therefore, this island has ideal conditions as a base for
crude oil storage tank yard,

~ 122 -
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(2)

1t has the following advantages te construct crude oidl
tanks in Ro Sichang Ysland. :

a. Crude oils are transferred to SUMMIT's refinery from
Ko Sichang Island by 5,000 DWT class tankers,
Therefore, SUMMIT's crude o4l tanks in Sri Racha
District become unnecessary and can he used by TORC
or ESS0.

b. Crude oilé can be economically trangfeffed to ESS50
and TORC by one submarine pipe regavdless of tanker
schedule.’

The ahove study leads to the following concluslon. Case
2 requires 85 ha less plantation than Case 1 in Laem Chabang.
Case ? allows to use 62 ha of infertile plateau on the dsland.
Thevefore, Case 2 seems  for more advantageous since it WMEANS
far less deevease of agricultural production and far less
problems for residents.
It 18 important to minimize the conversion of plantation
and the evacuation of resideéents under both Case } and Case 2.
' The present project is based on the assumption that the
increase of refining capacity should be 315 thousand BPSD by
1990 (150 thousand BPSD for one enterprises and 165 thousand
BPSD for one enterprise) and that thils system is to be run by
" the three enterprises. lHowever, varlous equipments can be
more rationally planned and land requirement can be decreased
by- running the system by one company established by joint in-
véstments.,
1f the ses berth is constructed at the site A, buffer
tanks will be constructed in Ko Sichang Island., If it is
constructed at the site B or C, buffer tanks will be con-
structed in Laem Chabang. Since buffer tanks are a part of
crude oll tanks, the both are equal in terms of land occupa-
tion. MHowever, their location and layout must be determined
in consideration of future expansion.

Products of traunsportalion

The shipment of petroleum products will amount to 10,230
thousand KL/year in 1990. 1In other words, the daily shipment will
amount to 28,000 KL/Dey., ‘The following two wethods can possibly
be used for product Lransportation,

1}  Tankers are mostly used among tankers, rallways and tank
lorries.

23 Pipe liunes arc wostly used among pipe lines, tankers, rafl-
ways and tank lorries.

Evan if pipe lines are used as the mailn means of Lransporta-
tion, tankers must also be used to some extent.

They will naturally require sea berths.

Table V-3 shows the number-of sea berths that are required
for 70% of the products by tankers of various classes (300 ~ 600
DWT, 600 ~ 1,000 bWr, 1,000 ~ 2,500 DWF, 2,500 ~ 5,000 DWT, 5,000
~ 10,000 DWT).
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LANI] AND WATER

Lalld

Cl}:,Currentﬁlend”utiii?ationv

Brief deeoription of project region‘

The present projoct covers Chonburi Province and Ban

’Laem ‘Chabang.area in.Sri.Racha Anphur.

Chonburi Province 1g. located in Lhe east of Gulf of

:Thailand It adjoine to- Chaehoengsao Province din the north

"_;and to Rayong Province in ‘the south, Chonburi Province con~

. sistg of eeveh Amphure - 8it Racha Amphur is one of them, “:

Sri Raoha Amphur 1s:; further divided 1nto six communes”. (called -
Tambon), namely, Bang Phra, Nong Kham, Sri Racha, ‘Surasak,

f-‘Buing and” Toang Sukher., Fach Tambon 1ig divided into villages."

' f(oalled Mooban) Municipalitiee and sanitation districts are
{formed i districts with large populatiou. (See Fig V-2
7and TV-33) '

According to the Thai Government §° atatistics of 1970 S
Lhe population O Chonburi Province  is about 541,000. Of the: .

'hﬂamphurs, Amphur’ Muang has the largest population (130, 000)

[\ the ‘population of Anphir $ri Racha 1 82, 000. It'dis 95,000

AL ‘the- populatiOnfof the! municipality area 1s also added .
LIn other wordsy ‘Ampliur:Sri Racha is the third in: Chonburi in J'

- - “terms of population. - About 95% of the residents are’ engaged -

Godnl agriculture, while the remaining 5% ‘are engaged in fishery,; -
-f'commerce ‘and - industry -Small sugar manufactories and taplioca -
_H\refineries are the major industries © The most of the develop--;[
. ments are limited o the 5 km wide Belt zone along the ‘coast

and some northern distriots with ‘high agricultural pioduc—

tivity, The GNP per. capita In the province was 3, 744°8 4n -
- #1970, Aecording to’ the Thal Government's estimate, 16 will
Z‘reach 12,193 B in 1981 (on" the - aseumption of dverage annual
_growth ' rate of 5, 4% - The planned growth rate Of GNP per _
capita in Thailand is’ 4 5% This reveals that Chonburi Pro~

.'fvince 1s- considered as rapidly developing province.

Laem Chabang District 1s -close. to Bangkok City . (about

_'200 kit on ground) Atthough there 1s no"railway between _.'
“them,: a completely paVed highway runs-along 'the east coaet o£ y

Gulf of Thailand It rung across’ Amphur Sri Racha_and goeS'

.A”f'to_Sattahip,: The traffie of ‘the'. highway is heavy

Sri Racha Municipality, which 13 adjacent to Lhis pro—

'jeet area; 1& a port town with the population of about 13,000,
It 1s the economic and administrative center of Amphur Sri

Racha

- 129 -



St PROPOSED Asian GHARY RETWORK
. ; AF )

®

194

t"\/)} <
D ikwmfj o
aed]

; GHIN

A .'M .

NOHTH),

ANDAMAN  SEA

LEGEND

€

ROUTE NUWSER

:Fig, VI-1 "Map of Sea Berth Project

- 130 -



xsupaingrticn B Sacin., Y
l {vlunmhm,.{/ !
y .
Y

hEN -umem fﬂ'""" e

«t _‘ g8

o
nn-«au-‘u
=

STEEIN,

A~y 33

)it §5) )

o g§ 73 & aavonp
I LA = [
B Taaromwe {

- »
[ 3

—

o .
PRACAVASRIAKMAN

i

\ ‘Q B
wnroanym
IHAREALY L
l b. -

T rum‘
{\\"’ //"", " e ( sud / :
3 ; Wavaraub ko
L e S P L, \t Feliadad
[ NAKGERNSEUAN  § s \!A‘f_/ . LY L--.__
. \\10\ . \ e "'/'f"-' . b
P

A / T
f-—-f:_. wn fh%ﬂgxﬁpf\\b&c-}{uun} 7

?cnscnocncuo Y

% (tu_'wl'alu w

1 q}’r

2 ey
[ N
u..a.ia.wtw P
n..,f-q o 4

~, jdtm-uu'.-
‘m_v\wugno
T

[]
NORCNRAl -~

LEGEND

“““““ CHANGWAT gOUNDARIES
''''' -~ - AMPHUR BOUNDARIES
CHONBURI
j T S PR | L

Fig. VI-2 Admirnistrative Divisions

131 -~



' i
oML
(R0
TERL ARG Y
s 1

Q‘: . .: . N L -
.ty : PN Faane Thoiw Dietriv
} : I B ) 2
‘ L i Flannd Nikho
~ . o gty

thpey Lity W

[JEXT TR}
e B Rt
(SN Y . o .
- baoh - puvaen Liglont N
g A U . \\ .
4 R tan Lwng Y s AMPEOE  FHANAT
AEPNOE. } g NN BIRIOM
AL I OI s Wi fiad)
PR BT TITR )
s E :
\ .
1

~ v .

A Y " -
'm' " N AMIMTIOE AN
LU I
tetdond it

ag Wi g,

ho dvm
funiend

Wity b ninubyg
tnplrnd

tLul NOD

At IO
UATIG L AN

Chungwil teuisbory

N Ko

§rnabnd e e e A Houndory

e liguturd . Highway

°
o a .~
. . LOAPI R
AR NI e

- Fig, VI-3  Adninistrative Boundaries in Choubari Province.

A




656°T 060°07 ﬂ| Lzt LIZ0T | T99°sT €01 9 ﬁ v9L*6¢ _ dyyeazes s04dwy
5L Loz T Ts9‘z | zac's | sL8%9 | L6§%ET | ®oxy TRATOTHRY
9209 eyt g8 6TS*9T | 0900y | 09¢°Ty 0z9‘18 l ey 125 doyduy
9TT S £80°¢ 9z CSTI'S | OTTST | TOEYNT | Terer guoyy weyg voudwy
€61 988°T ' 898°T bopsss | omety L arstor zaxy TedIoTEmR
050°%¢T | us9tet M 16 | 98Lt6T _wmwo.qn sz76ES u 896401 wouTN 2BULYY oydmy
£08*9 .m Ten T ¢ S gosteT | Tuvies | vgstec mw_@nq.hh Sueg ueg souduy
LTS | sritor e Cerzior |esoer | owsster | neotsc | gunwe Sueg eoudmy
L 8.€ | 1. LLE ﬂ_mmo‘ﬂ L 6T0°T __,_hmoww Fueyos oF eoudwy-qng
0% ,mmﬂ,.m_.__ ﬁ €€ il 822°9 W‘__m_mw ‘6T, “ Nmﬂ 6T m L9E6E zeay TedI>TURR
L06%c - | 96s*0z | g7t - | woLt0r | £5T°%9 | -78T'e9 |¢ﬂ¢mmm.mmﬂ | rarg woyp Buwon soyduy
“528°HE YET°T ._ Tzy osetT9 | BT6YLST.| 769°TET m Z19¢6%% uuHWMMMMQMMWMMMMMﬂMWMmem
ossty. | otz v ) esecee uM‘Hmﬁﬁqw 5099 Hu_moonmwﬂ_ | 30335TQ Areayees
62 6T$°0T | 84 | 195°01 _”aAmwhwm‘ 1ot w whqwm@||@ @3y TeETOTIR |
Crvofoy - | eog'es | sT9 . | &lnve |-067fver | Sovulz | S63°Tws | Tesor ‘vemSusnp a
@ ol ow @ @ | @ | e @ @
sty | T | ST | wmes | owws | emw | s
| b.._”mnomn‘om ﬂ AT mn&.umwnmom | _h
moﬁ.ﬁw wr.m uu.ﬂﬁmam fxeatuwes .
n.mm..h,«. Hmmﬂu.n.ﬁﬁf J&Q £g wnﬂonmmdom ﬁmuow Jmmm £q uvortaeTndog T=I0%  TI-Ia 2T o.mw

- 133 -



2}

Land uttilizatlon in project area

(a}

Inland area

The sites A, B, C have been proposed for sea berth
construction site. In any event,’ Ban Laem- Chabang area
in Aiphur Syl Racha is ‘moat sultable: for constructing

tank yards and oil refineries . Ag Fig. VI-4 shows, this
area is survounded by a line starting from Ban Ao Udom,

‘passing through Ban Pa Ao Udom, going south along Sukhum

Wit High Way and reaching Ban Noen Phail (south ecagt) via
Ban Noen and by Bai Laem Chabang. Some refineriee
already exist in this area,

Hills of Khao Pho Bai (altitude' 120m- 180m),
hills of Khao Nong Ang and Khao Boya {altitude 90m -
110m) are found along the west coast of the project area.
These hills reach Laem Chabang Point.

Currently; refineries and: tank yards are located
along the hilly zone of Mount Kao Pho Bal. They are
protected by summer monsoons by the hills. .Plantations,
such as Orchard and Cassava, are scattered in the east
of the hilly zone of Khao Nong Ang and Khao Boya, TFlat
land with the altitude below 5m is found toward the east
in the direction of the highway. It is mostly left as.
uncultivated land, though it is partly used as rice
field. The :area around the highway forms mild slope
with the altitude of 15m ~ 25m. Mauy coconut, Orchard
and Cassava plantations are found. {See Fig. VI~3) -

Almost no house is Ffound in the project area, . ex-
cept along the highway. Theréfore, problems related to
evacuation of residents will be small. lHowever, the
purchase of private land and the compensations for plan-
tcations and rice fields must be considered Few temple
exists in this district.

The usable area in this district is showh below.
The figures reveal that sufficient land for refinery '
and tank yard construction for this project can be
secured,

Fiat land Altitude O ~ Sm 7. 8km” 4,875 Rail

sl
. oRe " 5 ~ 10m 2. 3km” 1.437 Ral

" ' " 10 ~ 15m 1.9km? 1.187 Ral
: " 15 ~ 20m 1.0kn? 625 Ral
e ' B 1 20 i~ 25m 0.4!(1“2

_fotal_ _ : . | 13, 4km?

The foundation conditions of the project area were
described before, Generally speaking, the flat zone has

soft foundation and the hilly zone has good fundation
"conditions. If plants and tank.yards are Lo be construct-
‘ad in the flat zone, foundation must be exchanged and

- foundation piles mist be driven.
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.3):

~{b) Ko Sichang Island

_ Ko Sichang Island is located at 12 km 15 the west
" of Municipality %rj Racha, Large and small islands
exist aromd it. . '
. Its population. ig’ abouL 2, 000 A small number of
" houses,_ are - found in the’ northeast coast of the lsland.
Alsmall island is found in the: northeast sea of the.
island The sea is calm and suttable for anchorage.
1t is used as Lhe bunkér base for ships.' Therefore,
this water area seems mosL suitable for a base for con--
struction crafis.
= The southerb part of the island forms relatively
flat plateau with ‘the altitude of about 50 m. HNardly
any house and tree are found here. Since this area has
‘bedrock beneath the surface soil, it is gduitable for
tank yard: construction, About 650,000 m2 of land is
' _available here for ‘a tank yard. :

Existing oi] refineries

Currently, 011 refinerieb are locaLed in the east of the
codstal hilly zone from Ban Ao .Udom to Ban Laem Chabang.

Thai 0il Refinery Co.: (TORC) ‘has a submarine pipe line
from 1ts séa berth to Ban Ho Udom and a land pipe line around
Mountain Khao Pho . Bai,_ lLs refinery is located in the east:

..'o[ Mount Khao Pho ‘Bai. It is adjacent to Summit Industrial

Corp. s tank Lerminal in the southwest.a
Mount Pho. Bai, ends " once,. but Mouit Khao Nong Ang starls

'soon. ESSO Standard Thailand Ltd. e’ submarine pipe line from-

its nea berih reaches this narrow seashore zone between the

' .two mounLains.j its refinery 1s located in. the inland part.
The three compauies tanks and plant faciliLies are located

in this area.
The land -owned by these companies. ini given below.

" ESSO - L 0.96 kn2
. TORC 0,64 km2

SUMMIT km2

{2) Recldmatidn and land acquisition

1)

Flat ZONE eXceprt .

Putchésé of land

“"The- approximate Jand. prices of the project area and the
surrotndlng avea are given ‘below, :

In Municipality About 1,000;000 E/Rat
On shore " 200,000 E/Rai
Near highway Lo 150,000 ¥/Rai

the above _50,000 B/Rai~80,000 B/Rai

Mountain zone Below 50,000 E/Rat
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2)

Therefore, the average purchase price of Lthe project
area may be assumed to be 80,000 B/Ral (50 B/mZ)

Difficulty of land purchase will depend on Thal Govern-
pient's attltude, namely, on whethey it takes legiglative
weasures ete, In view of the current state of land utiliza-
tion,_land'pufchase will nhot become the decisive factor for
this project, The résidential areas must be separated suf-
ficiently from refineries for the safety of residents.

Therefore, sufficient land should be pirchased in consider-

ation of future facility expansions.

Land reclamation

Let's estinate land reclamation costs and compare them
with land purchase prices, We assume to reclaim land of 2
km in length and 0.6 km in width along the coastline (water
depth below 6 m). See Fig. VI-6.

(a) Reclamation

Height of reclamation +3, 0m

Revetment exténsion - 3. km

Reclamation avea 1,300,000m? (810 Rai)
Required soil 7,800,000m?

(b) Eeclamation methods

Case 1:

Assumptions: A sea berth is constructed at C. The
sediments obtained fyom dredging the navigation channel are
used for reclamagion. The top part (+40m and higher} of
Khao Nong Ang and the top part (#50m and higher) of Khao
Boya are excavated and used for filling; as Fig. VI-6 shows.

Required soil . 7,800,000 m3

Soil obtained by dredging 4,000,000 w3
navigation channel

(yield rate 80%) 3,200,000 m3
Shortage of soil 4,600,000 w3
Soil obtained by 4,600,000 w
excavation

brédged soil ls carried to the sive by suction dredgers.

" The costs are not given here since they are to be Includéd

in dredging costs.

Case 2:1:

;Assumptions: Sediments obtained by dredging the navi-
gatton channel are uvsed for reclamation, Additional sediments

- are to be dredged at the marked place in Fig. Vi-6 by suction
“dredger. Dredgers of 3,000PS class are sufficient for this

purpose,.
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Regquired soll 7,806,000 m3

Soil obtained by dvedging 6,0
navigation channel

(yield rate 80%) 3,2
Shbrtage of soil 4,6
Soll obtained by 5,7
dredging
(yield rate 80%)

(Mo

00,000 w3

00,000 m3
00,000 m>
50,000 m3

te)
4,600,000 m> + 0.8

= 5,750,000 w3

Case 3!

Assumption: A sea berth is constructed at A or B.

Sinee there 1s no need for dredging

the navigation channel

in this case, all the soil for reclamation must be obtained

by dredging.

Required soil 7,800,000 m3
Soil obtained by 9,750,000 m3
dredging

(yield rate 80%)

{c) Reclamation cost

The costs of land creation

by reclamation are shown

below.
(Unit: 1,000 %)
Reclamation soil
Revetment | Excavation | Navigation | Reclamation Total
cost soll channel dredged
dredged soil
soil
Case 1 207,000 308,000 - - 622,000
Case 2 207,000 - - 203,000 410,000
Case 3 207,000 - - 390,000 597,000
e

The following unit prices were used for the calcu-

lation.
Ground excavation
Revetment for reclamation

Soll obtained by dredging
navigation channel

Soil obtatned by dredging
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) _ Comparison of land purchase cost and feclémation cdst by unit

price T
. | o )
S SUnitr B/m”
'Unit bfiée _ﬁﬁit'priceiof reélae :
_:of 1andﬁf | Tati@ﬁ_  . r, il Remark”
- puxchase, Cage 1| Cade 2| Cage 3 | - ' s

“Approximately 200,000 w of
sk e 1and 1s left, by excavation,
507 478 | 315 o 459 under ‘Cagse 1. The wnlt
: . o price of reclamation will be
5 B/m2 lower inder Case 1,
if this land is used.

The above figures indicate that purchasing will prove
to ba far wmore advautageous than reclamation: in terms of unit
price. - :

2. _“Water
{13 CurrenL water supply :

" The' following table shows the current demand and supply of
1ndustrial water at the oil" refineries in Sri Racha District.

Use . ESSO : o 'l‘ORC
Cooling ' Sea water is circulated 1. ¥resh water alone is
water - (Circulating sea water used as industrial
is cooled by a cooling water,
tower.) 2. Water 1s regeived'at_
Process and | Ses water is distrilled ;gﬁd;ate'Of 3,000
Boliler water | to obtain fresh water, . y
' ' ' 3. Water comes from Ban
Phra Reservolr.

ESS0 uses sea water alone, while TORC use& fresh water alone,
Since TORC's oil refining capacity 1s 65,000 BPSD, it must use
5,000 m3/day of fresh watet. Its actual supply (3 000 m3/day) 1is

'extremely small.

Ban Phra. Reservoir is located in northeast of Sri Racha. it
is an artificial lake. Its maximum storage capacity and mean water
depth are said to be 20,000,000 m3 and 2 m, respectively. The area
of - the reservoir seems to be about 1,000 ha,

~ No data on thé water quality of Ban Phra Reservoir could be
obtatned. Since it is the source of drinking water for local
people, it gseems suitable for ordinary purposes.
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(2) Required quanticy of water

It is extremely difficult to estimaté the future demand Ffor
water in Sri Racha Dlstrict since no decision has been imade with
regard to the types and the scale of large industries and no
overall plan of city structure’ete; has been'drawn. - Therefore,
the demand will be estimated here from the scale of oil refining
Industry on the basils of estimated demand for petroleum.

As discussed in V, 1 -set of 150 thiousand BPSD oll refinery
and one sel of 165 thousand BPSD refinexies are planned. _

- The following tgble shows various possibilities with regard

to the Iindustrial water required for- the new oll refineries.
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Either an ailr cooling system or
adopted for a plant.
heating crude oils 1s also available,
usually combined for a plant.

A heat exchange system

The following

a waler

These

cooling system can be
conslsting of pre-
three gystems are
two systems are con-

celvable for estimating the demand for water under the present

Fresh water alone is used by
Water is treated
and reused (closed system).

Tresh water alone is used

project.
System 1 Process watef-
—1m circulation.
Boiler water —
Unused water 1s used for
boller water.
Cooling water .
by circulation,
System 2 Process water -

Fresh water alone is used by

_ ;}-cichlation.
Boiler water - Water is treated and reused.

Cooling water

{closed system)

— Sea water 1s used by clrcu-
lation for 80% of cooling
water.

The demand for water under the above two systems is shown

below.
Proposal _
Capa- Proposal 1 Proposal 2
city of —
o1l re- Fresh Water Sea Water Fresh Water Sea Water
fining AJ
(lst rerm) m3/day m3/day m3/day m3/day
150 BPSD 9,250 O 3,550 17,750
{2nd term)
165 BPSD 10,150 0 3,900 23,600 ]
Total 19,400 0 7,450 41,350

Under System 1, fresh water consumption of 19,400 m3/day mus £

be secured.

It requires further utllization of Ban Phra Reservoir

and the adoption of a circulacion system.
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VI FACILITY DESIGN AND SCHEDULE
10 Selection of sea berth type ' _ .
. _ The following types of eea berths are widely used for mooring large
. ships. : . PR : o B :

' Single poinL buoy mooring type ' o “

Spread noor, ng type  © - L
Fixed pier type oo oo arTo

The characteristics of l:hese three types are discussed below.

(1) Single point buoy mooring Lype

~ Single’ point .
- mooring ‘_'buoy_." ‘

':Radrus of the c:rc!e .
_ travel!od by tanker due
“to wmd darechon and tidal
flow." (ils center |s a _
smgle point mooru)g buoy. )

Tanker
Crudo il unloadmg hose
(Hoatmg lypo)

Hose

A buoy is’ jnstalled at a poinL of desined water depth The
- stem of a tanker is moored to the buoy by. a répe.. Thé tanker can -
freely move around the buoy according to wind, tidal flow: and waves
~ater - A floating hose is used for the connection of, the tanker's
manifold with a submarine pipe. The buoy is fixed elther by an
anchor or by a pile. Typlcal examples - include IMODOCG Buoy and
ESSO Buoy, ' _ . _
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(2)  Spread moorhig type
(3 | . A
‘#//// Mosring buoy.
: ' e Anchor

Tanker

' Cbnsiant wind

Rubber hose

Submarine pipe

3 Tanker ﬁl _,_‘Z__

SRR

" Submarine pipe

A tanker is moored by several buoys. The tanker is Ffixed in
one direction. A flexible hose 1s used for the connection with a
submarine pipe.

(3) Fixed pier type

It is a fixed pier consisting of a breasting dolphin, a
mooring dolphin and a cargo handling platform, Steel pipe piles
are usually driven info the sea bottom for constructing a sea
berth of this type. A loading arm installed on the platform is
used for cargo handling.



Tanker

Botlard
Bollard onar

/N
N1/
|

/ Tanker \ \ Doiphin

Dolphin Pior {for cargo handling)
Tanker
Mo
Submarine pipe fst— Sieel pipas pHo

(4) Comparison of characteristics by sea berth types

1) Comparison by mancuvering and mooring safety

Table VII-1 compaves the three types of sea berths in
terms of the safety of maneuvering and mooring works.

Table VII-1 Characteristic Comparision of Sea Berths

Item Multi-point iég%iigpgigz Fixed types
Divection of The direction of Major swell, The direction of
berth's face swell must be flow and wind swell must be
line considered care- require con-— considered care-

fully. sideration, fully.
but their
direction
generally does
noL matter,
Warer area to Middle Largest Smallest
be occupied
by berth
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(tem

. Multi-point

Single polnt

mooring type

Fixed types

Water area of
approach to -
berth

L —

Turning basin

Approaching
channel is -
almost fixed.

Sufficient
space 1s re-
quired due to
swell, wind,
tidal éurrent.

Approach'rdute
is almost fixed.

1). It 1s almost
included ia
bérth-

. oceupied
water area.

2) If approaching
channel has a-
large bent,
the bent
requires
sufficlent
turning space.

Either 1} or 2)

is neecessary.

It 1s included
in berth-
occupied water
area.

It Is neces-
sary in front
of berth.

1f approaching
channel has
large bent,
the bent
requires
sufficient
turning space.

L

2)

Either 1) or 2)
Is necessary.

against-waves.

is loosely
flixed, it is
safer against
flow and wind,
No ¢quantita-
tive judgement
has been made.

Docking and Difficult Easy Ordinary
undocking C ' '

‘ — . e —_—
Required time Long Short Middle
Required Middle Small Large
number of
tug boats
pifficulty of Large Small Middle
mooring
operation % o
Fixedness of - Middle Small Large
tanker during {character-
mooring istic)

Allowable: Middle i Large Minimum
fixedness I (Chiksan
of ‘tanker joints are
during’ cargo used)
handling

Safety of Small Middle Middle
mooying Weak especially Since a tanker
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Ttem Multl-point iigfiﬁgptigé Flxed types
L_...H._-__._._._____.___... DEELIL [P e el - - -
Need for beth- Large Cl o Middle Large
gheltering ‘ ' I Sincé a'beith |
s ; ' : is far from
coastal line,
artificial :
sheltering 1is
almost 1impos-—
sible,
Crew'd fecling Middle : Small ‘Large
of safety and
rést during
mooring and
cargo-handling L
Contact, =l Poor Poor : Middie
communication
and trans-
portation with'
land
facllities
Evacuation . Difficult Fasiest [ Difficult
at emergency S
011 leakage Rather diffieult ‘| Difficult Good
control :
- banger of hull {. Small . Small _ Middle
damage : S . . .

2y Comparison of conqtruction cosLs and maintenance costs

. The three types of sea beths are compared in terms of
economy, on, the basis of demurrage loss (1978 ~ 1990) and
congLruction cosks (200 thousand ton berth).

(a) Demurrvage loss

a) Port time by models
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Table VII-2 Port Time by Tanker Models
Cargo  |Cargo .Pre~ and Post-| . = Tdtal_of
Model Loadage ‘| Randling |Handling | Carge Handling | Ballast | Required
' Rate Time Time Time
Dolphin type
kf/my . kt/h
100,000 tons 115,000 8,000 143 5 3 25
150,000 tons 170,000 10,000 .17+3 5 3 28
350,000 tons 400,000 12,000 3345 5 3 46
| — | -
Buoy type
100,000 tons 115,000 8,000 1443 7 3 27
150,000 tons 170,000 10,000 1743 9 3 32
350,000 tons 400,000 | 10,000 4045 11 3 59

b)

c)

Table V11-2 reveals that the port time difference between
a fixed type and a buoy type 1s about 7 hours in the case of
200 ~ 250 thousand class tavkers.

Estimated import volume of crude oils for 10 years

The estimated import of c¢rude olls between 1978 and 1990

is 232,700 thousand k€.

Tanker hire

The demurrage loss of 200 thousand DWT tankers 1is approxi-
mately 271 thousgand B per day and per tanker.

(See Fig. III-15)

Therefore, the

merit of the fixed type due to the port time difference for 10
years can be obtalned as shown helow. '

Load of 200 thousand DWT tanker;

200 thousaud DWT =+

Number of tankers;
232,700 thousand k? + 241 thousand kf# % 966 tankers

 Demurrage loss;
271 thiousand B/tanker/day x 966 x 7/24 + 76 million K
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(b)

(c)

3)

Constructlion costs

a) Fixed type

Construction cost 271 million B

(net constructlon {(See Table VIII-1)

cost of one herth)

Intcrcst.(B p.a.) 271 million Bx1.720=466 million ¥
{(Total) 737 willion KE/one berth

b) Buoy type

Construction cost 147 million %
(net construction
cost of 1 berth)

Maintenance cost 150 million B

in¢luding hose

replacement

Interest (8 p.a.) (147 million B+150 million ¥/2)

¥ 1.720 = 382 million #
(Total) 679 willion B/one berth

Economic cowmparison
Fixed type 737 million ¥

Buoy type 679 million B + 76 million P
= 75% million B

Economice comparison for the 13 years betycen 1978 and 1990
(when predictions are made) was made on the basis of the estimated
import volume of crude oils, As a result, the fixed type was found
to have the merit of about 18 million B, From the consideration of
the sharply increasing maintenance cost for the buoy Lype and the
high working rate of the fixed type, the fixed type is obviously more
economical than the buoy type. (In Japan, all the recently constuct-
e¢d sea berths are of fixed type.).

Selection of sea berth type

The above study leads to the conclusion that a fixed type sea
berth 1s more advantageous than a buoy type in terms of the safety
of maneuvering and mooring and the economy. Although a buoy type
sea berth requires less initial investment, a fixed type has long-
range merits. The international tendency is directed to fixed type

gea berths. :
Fixed pier type will be adopled for this project also because

it requires less water space.
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(5)

Fixed piler type sea berth

A fixed pier type sea berth usually consists of a breasting

delphin, a mooring dolphin and a plalform éte, (See Fig. VII-1 for
reference.) .

1)

2)

3)

4y

Breasting dolphin

A breasting dolphin 1s used for absorbing energy duving
docking of a tanker. It is designed on the basis of the
reaction force of a rubber fender,

A wmaln breasting dolphin and a sub-breasting dolphin are
usually installed. One breasting dolphin alone 18 occasilonal-
ly constructed when the range of tanker sizes is small,

A mooring rope is also attached to a breasting dolphin,

A breasting dolphin is equipped with the following items.

Rubber fender
Guick release hook
Capstan

Boolard

Mooring dolphin

The nooring rope of a tanker is fixed to a mooring

' dolphin. Therefore, it is designed on the basis of mooring

force obtained from wind pressure and tidal current forvce.
With a hoth-sides~dacking type berth, one mooring
dolphin can be used for the both sides. Four mooring dolphlns
are usually installed. ‘Two of them are outer mooring dolphins
for the bow line for stopping a tanker's longltudinal motions
and for the stern line for stopping transverse motions.
A mooring dolphin is equipped with the following items.
Quick release hook
© . Capstan
Bollartd
Boat landing

Unloading platform

A platform is required to secure space for unloading
crude ollq It is equipped with following facilitles.
Loading arm :
Gang way
Control house
Navigation
Crude oil riser pipe
Piping
A platform requires about 30m X 25m {per berth). If no

,earthquake is assumed, a platform is designed on the basis of
wind pressure, tidal current and wave fpree ete. as horizontal
force, The major external vertical force applied to a platform
is the weighL of facilitdies.

" Others

Walk ways for connectipng dolphins and piers for support-
ing walk ways are also necessary.
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(6) Classification of fixed pler type

1)

Structural Lypes-'

Fixed pier type sea berths can be erucLurally claseified
as shown balow. (Seu Fig. VIi-2 for reference )

Gravity type - Caieson type, sheet pile cell type.

Pile type - Vertlcal pile type
“Inclined type
Jackér type
Slngle support type

A gravity type sea berth should be heavy since 1t rcsists
external forces by the frictlonal resistance with the sea
bottom gtound_ ‘The weight of a eructure is supported by the
strength of sea bottom foundatlion. Therefore, a large
structure is usually used forx this type.

With a pile type sea berth, a pile is’ driven deeply
enough for_bearing external forces. A vertleal pile type sea
berth is designed on the basis of axial force and bending
moment. It has large deflection at the pile top.

Wicth a jacket Lype sea berth, a siructuie of qpace truss
is iustalled on the sea bottom. 4 pile is driven beiween
columns Lo bear resistance. . It facilitates works by shorten-
ing the free length of plles and by decreasing the number of
plles,

,:160.4



Gravity type structure

Steel sheet plle

Copecroeve ¢atysan type
: ' - _H : cell type
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¥ig. ViI-2 Schematic Drawing of Structural Types
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2y Comparison of .structural types

Since a gravitv type sea berth require9 extremely high

construction costs, it is usually not adopted for a sea berth
of large water depth.. Thereiore, pile type sea berths alone
ave congideved here. Their: advantages and disadvantages are
listed below for comparieon. :

Vertical pile Stope pille R
— type eype : facket Lype .

Required ‘lttréquires It requires ;| Tt vequires only
nuwber af plles of the largest | a small number
piles lavge dia- number: of | of piles.

- meter, - - | piles. - :
Displacement' Largest Smallest | Small
of structure R
Pile driving Ordinary Difficult - Simple
work : o : ' e
Trangportation Qrdinary Ordinary ] pifficult o
and instal- ' ' _ .
latdlon
Tunnel ordinary Difficult * | Simple
excavation ;

Usually, a vertical pile type is usually adopted for an

breasting dolphin, an “inclined pile: type is adopted for a
mooring dolphin, and a vertical pile type and an incl1ned pile

type

are c0mbined for a carg0mhandling pler.

3 Facility layout

able

CIn constructing a dolphin type sea berth at. a consider~
distance from the shore (ex., Leam Laem Chabang District),

a gso~called twin type which allows berthing and mooring on the

both'

sides will be efficient. A twin type sea berth can be

simultaneously used by two ships on the both sides.

A berth will consists of'a cargo—haudling pler at. the

_ ceuter, an-breasting delphin and a mooring dolphin., Their
layout must be determined consideration of the overall
length of applicable tankers to allow sufficient breasting
and mooring.

BRCE

Distance breasting dolphins
The avcrage parallel body‘length of a tanker is
about 55 ~ 60% of the overall length. The standard

- distance between breasting dolphins on the both sides
1535 ~ 65% of the overall lemgth, namely, 2/3 ~ 3/4 of
the parallel body.
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(b

(c)

Angle of breasting dolphin to mooring direction :

A tanker must beith in parallel to mooring direction
by 3 ~:4 tug boats. However, complete para]lelne%s is
difficult to “anchieve because of wind, tidal current and:
waves. However berthing angle 1is usually kept below 35°.

LayouL of mooring dolphins

-

Mooring dolphlnq must be properly arranged to allow.

.. a. gigantic tanker to tesist external’ forces, such as tidal
Cecurrent and wind pressure and to’ inhlbit its longitudlnal
" and transverse movemenls, S

2. Preliminary designing

(1) Sea berth

1) Factoré_related to designing

(a)

(b)

Natural conditions

Wind ....0v.00. Vmax. = 20 m/sec
Tidal current . Cmax = 1.5 knots (NW)
Wave ........ .. Hmax., = 3.0 'm

Swell ...... i o+ Almost zero

Tanker‘specificatioh{

Appiicable tankers
Max. 250,000 DWT
Min. 100,000 DUT

Various specifications are assumed as piven below.
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DWT

tanker'sfbroadside'

148m

e Model | DNT o
Lcem. - 100,000 250,000 ‘Remarlk
DiSplacement tonnage (D.T.} 115,000 287,500
Overall 10ngth (L) _ 270m 330
Molded=breadth (B) 3o 53
Molded dopLh (D) 20, 5m 27
Pull draft (df) 14m 20.5
. - - [ ).‘_Vfﬁ,_. _ — _—

Above~water projected area 9 -
of profile ab full load, Af 2,300m 3,000
above, slde o
Above-water projected area of 5
profile at light load, Af 5,200m 7,000
above, side
Indervater projected éréa of
profile at full load, Af 3, 700m 5,000
under, side

. Underwater projected area of
profile at light load, AU 650m 800
under, side
Above-water projected area of 5
front at full load, Af, 660m 950
above, front . : '
Above-water projected area of 5 j
front at light load, A%, 1,150m 1,800
above, froat
Undefwater_projeéted'area of 9 N
front at full load, Af, - 570m 900 .
under, front
Underwater projected area of E 2
front at light load, AR, 100m 130
under, front : .

- T - — - e
- Length of straight paxt on 187
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2)

Determination of tanker's berthing wéight

The following equatioh cai be used for indicating
kjnetic energy applicable to a tanker's berthing.

W2,

W= ' Wi Assumed welght of tanker

% : Vi Berthing velocity -
_ g Gravity accelexation rate
Howeﬁéf; é tanker usually does not berth in complete]y

parallel’ pdsition. Tt usvally berthes with some angle with
a dolphin and turns after berthing. Kinetic energy is con-

-sumed for this reason and the remaining energy applies to a
'do]phin. This 1s called as effective berthing energy and °

expressed by the following equation.
w2, 1

El
£
% 1+(f)2

£ = Dtstance from a tauker s centers of gravity and ‘berthing
point_

r = Tanker's rotational radius around center of gravity

The number’ of breasting dolphins aud their distance etec.
are determined by the ‘types of applicable tankers and maneu-

'vering ete.- Here, “maln breasting dolphiuns are deslgned for

250,000 PWT tankers, while sub breasting dolphing are designed

© for 100,000 DWT class tankers. Therefore, four dolphins are

to be installed in total.

{a) ZEstimated berthing velocity

A tanker usually berths at velocity below 10 cw/sec.
However, v = 15 cn/sec. will be adopted as design value
in consideration of safety.

(b) Estimated berthing angle

A tanker rarely berthes at a breasting delphin in
parallel with it. Tt usually berthes at some angle.
The assumption of Omax = 10° {is made here,

freasling
Dolphin

TT T

8=10°

-
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(e}

(d)

Distance between a. Lanker 8 cenLer of gravity and dolphin
cenLer

A Lanker's center of gravity should coiucjde “with

‘the center between two breasting dolphins at the time of

berthing. - lHowever, misaligiment actually occurs. The
extent of misalignmenL has large effects on berthing

Lnergy ‘
Ie 13 assumed to be 10 m, here.

B0

Tanker s additional welght at” berthing
When a tanker berthes, it is not only the tanker it—

‘._gelf but. also the surrounding water that move.

(e’)

)

The: additional weight. is said to be 30 ~ 80% of a

tanker's displacement.

The following equation is usually used for the
Calculation.. :

'Wm:ﬁ tEL-TdZ.L.w
d = draft
L ='Length

W Unit weight of water

Detefmination'of inter~breéétihg dalphin distance
Intcr—breaating dolphin distance is determined in

consideration of the length of a tanker's straight part
and misalignment at berthing.

: Sﬁb breastihg dolphin L= 90 m
-Méin*f : _ L =1ﬁ0 m

EffecLive bething energy 7
Fffective berthing energy is: calculated below.

© Sub breasting dolphiu OB = 142 t.m

Main breasting dolphin X = 306 t.m
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3

45

Absorption of berthing energy
Berthing energy 1s usual]y absorbed by Lhe displacemant

' of a rubber fender .and ‘a structure. However,” a styucture's
'displacement aceopunts only for about 10% of total energy.
‘Even this is possible with a"vertical pile type sea berth
“characterized by large deflection._ Thetefore, it 15 assumed
heré ‘that all the energy is absorbed by a rubber fender.

A tanker berthes at. an angle of 0 ~ 10°, Therefore, a
tubbery fender must be designed to absorb energy. at any angle,

The load that applies to dolphins by encrgy absorption
depends on the quality and: the flxing method of a rubber
fender.  However, the following assumptions are madé here.

Load to sub bBreasting dolphino o ZSOt
Load to main breasting dolphine 700t
Forces applieéd to rtanker during mooring

- When a tanker. berthee, its mooring ropes are immediately
fixed ‘to the dolphins. After berthing, a tdnker is subjected

_to wind préssure’ and tidal current force.

.:(a); Wind pressure applied to tanker

‘Wind p1essure is calculated by the following

equaLlon.
; 1g 2 20 020
B R V7 (A.cos®® + B sln®@)
‘R} ,Wind préssﬁre .
. : . /
¢: Alr density 0.125 kg.seczlm4
CRa: Wing pressure factor

V: Wind velocity
: “Relétive wind direction
A:  Upper ffont;projected.area

B: Upper side projected area

'(b)- Tidél current force applied to tanker

“7Tidal current force is determined by the following

equation.
_R-——%—QWC .v?Ld
" R: Tidal current force
: 4
Sw: Water density _104.5kg.sec2/m[
€. : Current pressutre factor
Rw

v: Tidal flow velocity
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(¢} Wind pressure and tidal curvrent. force applied to 100
thousand ~ 250 thousand DWT tankers,
Wind velocity (v) is assumed to be. 20 m/sec and
Tidal current velocity (o} is. assumed to be 1,5 knot.
(The divection of tidal. current “is assumed identical
with berth direction, ) Two directions (paraliel to berth
and pclpendiCU]at to berth) are used here,
= . ‘ . . .
\\‘\\\\ Direction - gizgsure gigii Cwrrent [ popai | Remarks
oe 8 i L - - A
Front t t . . LE] At full
direction 18.2 28.6 6.8 leoad
106, 000DWT - . :
Side 123.5 - 123.5 Ballast
direction
Front 27.1 110.0 137.1 | At full
direction ' : load
250, 000I0NT :
Side 170.2 - 170.2 Ballast
direction
The forces that apply to a tanker also &epend on its
condition (full load or ballast). Wind pressure is large
at ballast, while tidal current force is large at full
load. Therefore, full load status is used for the front
and ballast status 1s used for the side.
(d) Designing mooring force of each mooring dolphin

According to calculation results, 137 t is applied
from the front and 170 t is applied from the sides,

Mooring ropes are used to resist these forces.
following mooring ropes are usually used,

The

(outer mooring dolphin}
(breasting nooring dolphin)
{inner mooring dolphin)

4 bow and stern line
3 spring livnes
3 breast lines

. If the yield strength of a mooring rope is assumed
to be 80 t/rope, the maximum mooring force is as givea

below,

Bow and stern line 320 ¢

Spring-line 240 t

Breast line- 240 ¢

“The capacity of a quick release hook etc. is con-
sidered. .

- Inner mooring dolphin H =250t

" Quter mooring dolphin H= 250 t

Breasting mooring do]phin H = 170 ¢
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5)

6)

7)

Netermination of berth helght
The tidal level at the construction site Is below,

Lowest low water + 0.00 (D)
Mean sea level + 2,48
llighest high water + 4.28

Unloading platform

No wave should hit the deck. The relation with the
loading arm must also be considered,

DL + 8 m
Breasting delphin mooring dolphin
DL 4+ 7.5 m

Berch layout

Pig. VII-3 is the berth layout that was determined in
conslderation of the above faclors.
Welght of steel materials for berth

The weight of the steel materials that are initially
used for constructing a double berthing type berth,

Dolphin Q'ty 3:;2;
Main Breasting D 2 1,300 J
Sub Breasting D.h_ 2 700
Unloadingnglatform ) l“m—{ 800
Mooriug D B 4 _mi,GOO
Pler o 4 “mggaiﬁﬁﬁ
F——Nalknway - | 200
Fotal : 5,0005"

The construction of the copposite wnit will require about
2,900 tons of steel sivce mooring dolphins, plers and a walk-
way can be shared.
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.(2) Pipe line (from 5ea berth to buffer tank)

1) Deeign conditions

Coefflcient of kinematic - 20 C.T.S.
viscoaity of petroleum

Diametﬁrzof submarine pipé line ‘ .Outer dia, 48 B
: : Thicknegs 15,88 mm

Length of submarine pipe Jine 1,000 )]

" Yalve closure Lime : 20 sec.
Floy velocity‘ V = 3,85 m/sec
Allowable circumferential. : Hs = 8.64 kg/mmz

tensible stresé (51, - B}

2). Pressure loss of piping_

Reynolds number is obtained from the above conditions

_3.85 x L, 11874 0. o .8
R 0700002 2:2.x19
. The coefficient of friction is obtained from Moody's
-frlction graph. - £_= 0.026- .
Press loss head (Ho) is obtained below from Darcy's
equation. B
Lo’ o 2
i, = §4é4%?-= 0.026X10,000x(3.85)7/2x9.8x1.1874
= 165.6 m

. g = gravity acceleration rate - 9.8 m/sec2
Therefore, the pressure loss P; is 16.6 kg/cm

3D Calculation of water hammer pressure ‘

at Propagation, speed of water

hammerging pressure : "1,130 mfsec.
2L 10,000 _ o .
B 2 X 1,130 17.§ sec. 20 sec.

The condition of gradual closure 1s met,

_a.v _ . 1,130x3.85 _
8= gy T 2x9.8x165.6 1.34
- .20
0 = 755 = 16.2
2 H
¢ max = £E§—91-= 1,09 h+ I, = 180.5 m
o

Therefore, the pressure Py can rise to 18.1 kg/cm when water
hanmering pressure 1ls generated.
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4)  Calculation of thickiess
Po.D

t = g - O Po: - Maximum pleaeure in pipe
2001i,~P 2 ke/om? |

48B. (1p m“] 187, 4mm)

Corrosion matgin (assumed
go be 3.32wm)

L 1811874 L o
® 500%8.64-18.1 T ©

t=12.5 + C = 15,88 i

Thcrefore, the submariie pipe line specifications are deter~
mined as below.

OO=1,219.2mm

5) Flow rate
Flow rate max.Q = 4.26 mglsec = 15,336 m3/Hr
(3) Crude oil tank
1) Design sp@cifications

The capacity 1s to be 150 000 KL

2) Desigu drawing _ : .
The design drawing 1s ‘shown 1n Fig.’ VIlué
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_TANK SEIGHT = 22 570

loating roof Tank Geneval view
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-.Nork Schedule

Purchase of materials

sLeel maLerials are the major materials for sea berth con-

'structiou.‘ Additionally, the followiug items are required

Rubber feader

Loading_arm_ o

Mooring equipments

NavigdLion equipments .
- All of them are to be imported Cement, gravel, sand and
timbcr etc. are to be puxchased In Thdatland, = - o A

Constructlion machines and ships
The [ollowing ships are required for sea berth construction.

Floating cranes (euspenqion capacity 300 «rSOO Long)
rMle driving barges (including plle driving machines)
: -Deck barges: _
Small floating cranes
Tug boats _
‘Supply boals :

A pipe laylng anid’ derick barge, as shown below, can’ he used
not only for submarine pipeline laying, but also for pile driving,
loadging and as-a crane, ‘ .

il oed

S GLCI S _
D D -_-D?/"#

)

‘Crane trucks and trucks are also necessary at a material
stock yard and a temporary work field on the ground.

One siiall floating crane '(suspension capacity: 120 t) is
available in Bangkok: Supply. boats, crane trucks and trucks can
be purchased in Thailand, All the other large vorklug crafts
must be brought from abroad.

Work schedule

The schedule was drawn on the basis of the inveStigatiou
results obtained by the First Misslon and the materials and data
collected by the Second Mission., The investigations results
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obtained by the First Mission arc too general for drawing a schedule
and a design. Prior to designing, geological lunvestigations must be
carried out at a sea berth construction site and along proposed
submarine pipe line route. Sounding works and geological Investi-
gations of the proposed navigation chamel uwnder € must also be
carried out. Table VII-3 does not include these investigations
since they are assuvmed te be carried out in the preceding yeax,

Table VII-3 Work Schedule

Sea berth, pipe line
L ang sank N - .

» st Year o _20d Meor
GAN.  __ JUNTIUL. T DEC JAN. JUNTIOL [>]

bR

Designing e

rigls

Purchase of mate- r—4- - S —

Transporiation —F

works . o
Ficld vworks - p

Dredging = B

Constroction of p—

owing hoats i M_T o e )

Nawigational ship ’

mprovement of
lightiouse

As the above table shows, two years are assumed for sea berth
construction works, The sea berth, pilpe line and tank are to be
designed during the first half of the first year. Materials are
to be purchased immediately. Field works are to be carried in the
second year. ¥or dredging work, one 6,000 PS class suction dredger
is requirved to pump about 1,750 thousand w3 of soil. Tt is diffi-
cult to obtain suction dredger in Thailand., (Bangkok Port Authority
owns a sucition dredger and it can be charted. However, this work
will require one-year charting and it is actually impossible.)
Therefore, a suction dredger must be brought from abroad. One is
sufficient even in consideration of low operating rate during the
mONSoon season, _ _

Tug boat construction (4 boats), navigational ald and iight-
house improvement works were left for the second year.
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Vl]l GUNSTHU[}TIGN BGSTS AND MAINTENANBE CDSTS

1, Basis

‘ Construction costs and maintenance codgts must be estimated in consider-
aLion of - ‘the reeent inflationary tendency, and unstable international eurrency’
1situaL10n. However, At s extremely difficuli to determine the influencé of
“these  unknowsi factots. ‘The Misgion’ estimated various costs in aocordance

' -wiLh the- following basie principles..

A1l tHe prices ‘that are cited here are effective in 1974.” Some- risc in
__Lhe price of commodities . s t be agsumed, by the execution of the schedule. - :
" The costs: of the'projecL are cstimatcd in terms: of both foreign capital and .
domestic capita V. The figires of foreign capiL 1 mist be: changed if. the -
' exchange rate changes._ The exchdnge tate of 1 US$ 20 o B = 280 0 yen is-f
- used for estimating the construction CCStS.:  s i
R ‘The Mission decided to divide this project into two stages in relation.
to the volume of 1mported crude olls to be. handled by the sea berths.. The L
_jdaLa that were used. as. the basis for the diVlle“ are Lhe estimated, imporL +
_volume of crude oils (III) and - the. crude 6il handling capaclty of a sea berth -
V). The first stage of the project is the period when one berth is. required,
and’ the second stage is’ the period when Lwo berths are 1cquired Consgtric-
‘f1oi costs for the two stagcs were esLimaLed separately._ As discussed in_I,
" the Mission: directed its- attention to 1980 ~ 1985 (first term) where the
festimaLe of crude o1l meort is: more accurate. For this reasou, the first D
term was divided into the 1lst stage (1 berth) and the 2nd stage (2 berths)
' The following costs were tnctuded in the coneruction cost estimates._

L. Various facilities of sea berth system (main faciliLies and
‘;'°f'_ﬁaux11iary facilities)*.-~
'UZZ}ijost of: land (Land for'buffer Lank yard)
3.0 Work' management cost (Maintenance and management cosL Ior
o 'flfacilities thder coneruction)
14, "Costof, investigation and designing
o -f'5.'_Reserve Foid’ Y e
R T Compensation for curlenL facilities (?ea bcrths belonging to
" (ESSO, TORC 4nd SUMMIT)

o Neither petroleum refining facilities, nor product shipping [acilities
are- included’ - The cost: of land and the’ compensation Eor the: current facili—
ties are givcn below . in detai]s..-f o ‘ L

Cost of land (lst and an stage)

(Unit: willion B)

Site'?léﬁ ._i : . Y_} z - j u - | Remark

Qite A - S - ip;%o:si ChenélIslano.is oatioual'land
éite B 2,21 2,2 4.4. '4.4 X;_Y:' Oue berth 7, W: ‘Fyo berth
SiteVC_ | 12.2” 2.2 4.4' 4.4 | X, ¥ Oce berch . Z, Wi _Too berth
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Compehsation for'cﬁfrent facilities

{Unit: million ¥)

1 Compénsatibn. Applicable'faciiities Remark {To be-bompensatéd
a4 tost . (Yeaxr of construction) | . in 1978)
- : - T N
X 25.2 SUMMIT (1965) Residual price 10/ 20 year :
: - depreciation 110'x Q.,229= 25, ?
Yy | 8.2 pss0  (1971) | 'Same as above, 90 X 0.452+40.7 |
TORC ~ (1965) 80 x 0.229=18.3
SUMMIT (1945) _ 110 x 0.229=25.2
/A 84,2 Same as above Same as above
W 84.2 '~ Same as above Same as above

: The construcLion coats ‘and .the. maiannance costs for the siLes, A B, C
are estimated below, It must be noted that one berth is Sufficient at any
site undey X aud Y Plans.

2. Construction costs

(1) Site A

‘Since Ko Sichang Island is. used for buffer ‘tanks {(See ¥Fig,
v-1), 10.2 km long submarine. pipe 1ine for the ses berth ~ Ko
Sichang lsland and Ko S1chang Island Laem Chabang must be laid at
the 1lst stage., A booster pump. is also needed for transferving oil
from Ko Sichang Island to Laem Chabang. Two crude oil buffer
tanks must be constructed. Since one submarine pipe line is suf-
ficlent for transferring oil froin Ko $ichang Island to Laem
Chabang, a 2.3km long submarine pipe line alone needs to be con-
structed during the 2Znd stage. Another buffer tank must be con-
- styucted.
The constiuction costs of thse facilities are given in Table
VIII-1 details. The costs for each of the plans are shown in the
following table.
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Conztruction cost at Site A

{Unit: Million B)

. lst; _ B 2ﬁq; L Total
portmbomaticl [Tt pomattc g e fpomsci
021 | 232 ol o | o |1,153] 921 | 23
965 | 247 ol o o {1,212] 965 | 247

965 | 247 459 | 361 98 |1,671] 1,326 | 345
965 247 459 | 361 98 [1,671] 1,326 | 345
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(2) .

Site B _ _ _ _ _ _

. A buffer tank 48 to be construeted at Laem Chabang side.

(See Fig. V~1) A 9.0 km long submarine pipeé line between Lhe sea

berths. and Tiaem Chabang and. tunuel- excavation for land piping are

necesgsary for the lst stdge. One ‘buffer tank is to be constructed

in-congideration of the capacity of the existing tanks. Since one
submarine pipe. line is necessary for cach berth for the 2nd stage,
another 9.0km submaxine pipe line must be constructed, as aL the
19t stage, Ancther buffer must also be conseyucted, ; s

The construction costs of these facilities are given in Table

VITI-2 in details. The costs for each of the plans are showa din

the following table. - .

Construction cost at Site §.

(Unit: Million $)
Stage - Ist Zhd;. o ' Toﬁal ' N
o [0t Forg 60 et g Foreton Bomentic gy foion onescic |
x| oae 759 187 o| o 0 946| 759 187
v |1,005| 803 | 202 0| o 0 |1,005 8037| 202
2 [1,005] 803 | 202 611 | 474 | 137 |1,616 1',2.77. 339
w' o |1,005| 803 | 202 611 e | 137 1,616 1,277 | 339
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(3) Site C

A navigation ‘chammel 1s to be dredged and a sca berth and a
buffer tank {(at Laem Chabang sidé) are to bé constructed. (See
Fig. V-1 for reference.) A 3.0 km long submarinme pipe line must
be lald between the sea berth and Laem Chabang. 7The works for the
1st step also 1nclude tuanel excavation for. land piping, dreding
for the navigation channel ‘aiid the construction of another buffer
tank. For the 2nd step of the Ist stage, another 3.0 km submarine
pipe line must be laid according to the prlnciple of "one submarine
pipe line for one berth” and another buffer tank nust be consturect-
ed.

Table VIII-3 shqws the construction costs for the above facili-
ties. The construction costs under each of the plais are shown in
the following table.

Construction costs of Site C

(Unic: Miilion.g)
Stage st | 204 “foral |
e\ [Tt Fona " [Poma 1 rotan | Forg 8" Ronette ot [[orcten foncecie
x| em | 769 62 | 0 0 0 931 769 162
y loso| 13 | 177 0 0 0 990{ 813 | 177
Z 990 513 177 605 491 114 1,595 1,304 291
W 990 '813 177 605 | - 491 114 1,595| 1,304 291
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(4) -

Comparison of the sites A, B c

1)

2)

3

Table VILI~ 4 shows the construction costs f01 Lhe eitee A n,

lst etage

‘At the lst stage, site C requiree thP least cost under
all of ‘the plans, The cotisructlon cost 13 931 million Bahts

under X plan and 990 miilion Bahts under Y, Z, W plans. The

cost rises in the order of T <B <A, Site B and site €
require almost the same foreign fund and site A requires the
mosL £oreigu Eund

2nd stage

At the. 2nd stage, site A requires the- least cosL {459
million Bahts). It is followed by slte C (605 million Bahts)

‘and site B (611 million Bahts) in this ordexr. Site A requires -

the least [ore1gn fund and is followed by site B and site c
in this order.

Total cost

When both the 1st stage and the 2nd stage are considered _
site G requjred the least cost under any of the plans. The

_total cost at site C 18" 931 milllon Bahts under X plan, 990

million Bahts under ¥ plan and 1,595 million Bahts undey 7
and W plans. Thé cost increases in the order of C'< B <A,
Site B and site C requ1re almost the same foreign fund under
X and Y plans, but site A requires the most foreign fund.

it increases in the order of B < C < A under Z and W p]ans.
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3. Mainteﬁance'coats

(1) Details of maintenauce costs

The following items were fncluded in sea beth system malnte-

nénce cosLs., (See Table VIII- 5)

1) )

2)

3)

4)

5}

6)

[

8)

'Sea berth

Insurance premium and repairing coste were included for.
sea berth wmaintenance costs. Thdy were estimated to be 20.4
million B (lqt stage) and 32.4 million # (2nd Stage)

_Pipe 1ine

Pipe line maiutenance costs depend on their length., The
estimates for each of the sites and each of the stages are

"given in Table VIIIwS.

Tank

It was assumed that tanks require no maintenance costs.

Tug boat

Personnel expen e, fuel cost and repalring cost were - inﬂ'

‘cluded in tug boat maintenance costs. Since the number of

operating days differs among the plans (X, Y, %, W), mainte-
nance costs must differ accordingly. The estimate for each
of the plans is given in Table VILI-5,

Rooster. pump . _ _
A booster pump- must be installed on Ko Sichang Ysland

4if a sea berth is COnstructed at Site A. Personnel expeuse,
fuel cost and repalring cost were included for the maintenance

cost. The estimated cost is 3.9 million B.
Periodic dredging cost

' - 1€ a sea berth 1s constructed at Site C, the navigation
chamnel must he dredged once every five years to maintain
adequate’ water depth. The cost for this amounts to 11.3
million ¥ at the lst stage and 25.7 million B at the 2nd
stage,
Pergonunel ekpehée o

The personnel expense that is required for sea berth
management is estimated to be 2.1 million $ per berth.

Other costs

The othey costs (utility cost etc.} depend on the amount
of crude oils, The estlmatés are given in Table VILI-5.
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@

The amount of crude olls that are to be handled under Plan X,
Y, Z, W changes yearly. The figures of the final year (1990} were
used for estimating maintenance costs: This was not only to faclli-
tate works, but also to take the safe side, :

LOmpalison of A, B, Cc

Wo large difference is found in terms of maintenance cosgts,
They amount to 40 ~ 50 miliion B for the lst stage and 60 ~ 65
million ¥ for the second stage. However, Site C Lequirés dredging
cost (11.3 miliion B at the lst stage and 25.7 million ¥ at the
Znd stage) once every five years, which mean maintenance costs of

‘about 55 million B for the lst stage and ‘about 85 million ¥ for

the 2nd stage.
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~ IX. TRANSPORTATION COSTS OF CRUDE OILS






X, mnuspummuu cnsrs 0F. cnum-: s

- 15 Transpottation costs by Lanker categories

Use of larger tankers effectively cuts down the transportation cost of
'gcrude oils.;” .

: - Undexthis: projecL, 200 thousand DﬂT tankers are to be: introduced to’
8ri Racha's current crudd 611 importing system using, 60 Lhousand DWT <90
fthousand DWT tankers.: The difference in transportatiOn costs is estimated
;below. Dl : : :

(l) Components of transportation cost

The compontnts “of transportation cost . are shown below..t'

Crew expense,'

: W_ Tanker cost —m*Arepairing Ccost;
(in narrow . eguipmént cost,’
‘sense) ., . Myipg cost,

';prémium_etc.

Tanker cost ~—-—Deprecidtion

~(in'wide.. . | ‘cost
sense) T
:iy TransportaLion —m-jf“tfuj.' . L Interest
.—~Navigation cost o Fuel cost, tax, porL

'exponse ate, !

(ZstDetermination of transferred cost ;7;t

_ “Thé transportation costs required for 84 thousand DNT, 134
thousand PWT, 228 thousand DWT and 266 Lhousand DWT Lankers are
estimated below.-- : "y

O “Table TX~1: shows the: oost for eaoh ot Lhe components of

'ftransportdtion cost:  Note!that the depreciation cost is 10% of -

]remaining price. (repayment periods’ 16 years) Also note that

‘-annual mean interests are cites as’ "interest ' S
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Table IX~1 Detalls of Transportation Cost
Unit: Millilon B
Model thousand thouéand thousand| thousand
- DWT CDWT DWT DWT Remark
Ltem 84 134 1228 266
Cost of tanker 36.6 43,4 54.1 56.8 . Average specific
------ e — Jgravity 0.83
Depreciation cost|18.0 26.3 38.2 42.8
Interest 6.2 9.0 13.1 ia.7
Runuing cost 17.5 22,1 36.7 39.9
(Total) 78.3 100. 8 142.1 154.1
thousand| thousand | thousand| thousand
KL K1 KL KL
Crude oil load 101 162 275 315

The 4693 mile route between Al Ahmadi and Bangkok is assumed
If the crusing speed of 15 knots 1s assumed,

for this cstimate.
one way trip will require 13 days.

4,693 miles + 15 knots = 313 hours = 13 days
If the number of operatable days is assumed to be 340 days/
year in conslderation of weather ete, 13 two-way trips can be made

annually.

340 days 4+ 26 days = 13 two-way trips

Therefore, the transportation cost per 1 kf is as shown

below.
thousand thousand thousand thousand
K1, KL KL KL
84 134 228 266
thousand thousand thousand thousand
KI. KL Kl KL
(1) Load 1,316 2,099 3,571 4,166
(2) Transpor- million miilion million million
tation 4 B ¥ ¥
cost 78.3 100.8 142.1 154.1
(2)/(1) 59.5 B/KL - | 48.0 B/KL 39.8 B/KL 37.0 B/KL
Their relation is shown in Fig. IX-1.
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Cost Difference

Table IX-2
TranbporLaLion CosL Difference
_ | - Cost Di[ference )
Cost thousand thousand Lhousand thousand
: DWT DNT DWT DT
60 80 ' 90 200
thousand - B/EL
DWT . . ‘
50 71.4 3.5 10.7 13.5 30.0
60 67.9 - 7.2 10.0 26.5
80 60.7 - ~ 2.8 19.3
90 57.9 - - - 16.5
200 41‘.4 - - - -
(Note) Actual freight is determined by adding some profit (5 ~

10%) to cost,

The Lransportation costs by 50 thousand DWT, 60 thousand DWT,
80 thousand DWT, 90 thousand bWT and 200 rhousand DWT tankers can
be obtained from Fig. IX-1. The cost difference is shown In Table
IX~2.  In other words, the, transportation cost by a 200 thousand
DUT taunker 1s 41.4 B/k%, which fs lower:than 60 thousand DWT and
90 ‘thousand DWE tankers by 26.5 B/k% and 16.5 B/k&, respectively.

The technique that was used for these estimates is identical
with the method that is used for obtalnlng the reference values of
the world scale etc. The figures seems Lo be quite close to the
real figutves. '

Demurrage loss

(1) Demurrage loss by tanker classes
- The. 1oss due to overstay at a port in as loss of tank cost.
Demurrage loss per day is given below.

thEGSand tﬁousand thousand thousand
: DWT DWT DWT DWT
84 134 228 266
fTankgr_cost ' _ mil]ion ¥ | willion B|  million ¥ million M
~ {annual mean) ‘ 60 8 oo “78.7 105.4 114.2
:Tanker cost ) 'thousand' _thOusénd thousand thousand
“(ddily mean) ¥ 1 B ¥ ¥
S 166.6 215.6 288.8 312.9
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This relation-Is- shown in the graph of Fig, IX-2. Fig., IX~2
‘ghows that the daily demurrage loss of a 60 thousand DWI, a 90
thousand DWT ‘and a 200 thousand DWT- tanker is 142.9 thousand ¥,
171.4 thousand ¥ and 271.4 thousand B, respectively.

300

{thousand B/davy)

200

Daily Cost

50 1o 150 ' 200 250
' X10°0WT.

¥ig., 1X-2 Datly demurrage loss by Tanker classes

(2) Demurrage loss with current facilities

The demurrage losses in 1980 and 1985 under the current
facilities ave estimated below by using queuing theory. Attempts
are also wmade to: find the berth utilization leading to the minimum
demurrage loss,

1) 1980

The 1980 dmport. volume of crude olls is estimated to he
12,800 thousand Ki. according to the macro estimate. There-
fore, the unknown quantities Ay and Ag must be obtained.
The conditional equation must be satisfied and the loss
function U .must be the smallest.

90 thousand DWT sea berth:
90 thousand DWT class tanker
Noo  tanker/month (1 berth)

60 thousand DWT sea berth:
60 thousand DWT class tanker
Ao tauker/mon;h (2 berths)

Specific gravity of crude oils: 0.83 t/M3
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fQuantiLy of crude oils handTed by 90 Lhoueand DWT sea

cherth: _

90 thousand DWI ¥ 83 x 12 monthe X ?\.m

= | 300 Ao . e S _ .
QuanLiLy of ecrude oils hand]cd by 60 thousand DT sea
berth:

60 thousand DWT 0 83 x 12 months X ?\60

= 867 AGO . .

1,300 Aoy + 867 ?\60 = 12 ,300

..... Conditional equation

The traffic density P9 and Psu at this time can be
obtained as shown below. (¢ = 30 days/2.5 days = 12)

Poo = Neo [1L = Ago /12

Peo = Neofcit = Moﬁ"t

" Queuing time Wigo “and Wd,o can be obtained by the

following equations. (one month as time unit)
- | ~ _]
ull — pso) 1200 — Ao/ 12)

P o .
Tl = peo) 24 (1 — R /24)

Queu length Ldgg and Idg at this Lime cén be obtained
“by the following equations.

W(jgo. =

Welso

R T |
L = = T2
Ldgo =ﬂ..._d_l_._: __ﬁ,__LﬁJ_._

I - ﬂao b - ?\60/24
Loss function U Lk01~UM,.,
= (deo %30 days) x (Ldgee x 12 months)

xl?lAthmﬁmulB=TT§%%§%ﬁg(ﬂmuﬁﬁdB)

= (W( g0 % 30 chys) X (Ldﬁo % 12 months)

X 142 9 thousand Fi '_(l 2% (thousand 3]

S0 21429
'(l - AQOIIZP + (1 m {thousand B)

. Fig TX-3 shows this in a graph.
ynila. = U( hgn 2:5; Aeo = 11.0)
' obtained from Fig IX~3

VVdgo.¥.3 2 days - .. . Wdg = 2.3 days
Lo e

U=

[

15.5 million B can be

M

L;BIEQHkéfs[month Lds = 1.8 tankers/month
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30
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9.7
16.9% 15.7 15.7 16.9
Min, [15.5]
hop = 2.5
?\(,0 =1 11.0
wol———————
Ao 0 1 2 3 4 5 6

(tanker/month)
Neo 14,8 13.3 11.8 10.3 8.8 7.3 5.8 4.3

Fig., I¥-~3 Loss Function (1980)
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U (Mi1lion B) -

ez 3 a5 678

Min [28.2]
' Aoo = 5.0
- Neo = 14.3

20

(tanker /mon th) '

__-N,o 188 1?3 153 143 12811398

Fig I}(v- - Tosa F\mction (1985)
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2) 1985 o .
: The {dentical method was . used for 1985 under the condd--
Liou of 1,300 ?\90 + 867 ?\60 = 18,900

_ Fig IX-4 shows U in graph. '
It gives U min, *‘U(}‘go 50 ?\60“ 143)

=282 mllllon B
Wd9o- 4. 3 days : W_dc-o =3,1 day.s . . ' o
de = 1.7 taukerq/hioaths' Ld 60 = 2.5 Lankcrs’/month_ '

" These results give demurrage 1035 per 1 k¢,
Table T%-3 give the figures
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