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"I SUMMARY

1.  Thailand is known to have pursued a smooth course of economic
development in Southeast Asia. Her socio-économic activities, however, -
‘are concentrically carried out in the centralv part around Bangltok, and

the development of Southern Thailand st111 remams in the initial’ stage.

\ Southern Thalland abounds in prlmary products such ,as natural
rubber and tin and offers a promising prospect for future development.
Hat Yai and Songkhla are the centres of thls dlstrlct and the port of
Songkhla functions as the gateway of these two c1t1es to the out51de
_worls. At present, however, the port oi‘ Songkhla lacks the fac111t1es
for moormg large vessels so that the hadling of natural rubber, the
maJor commodlty exported i‘rom this port, must neoessanly rely on the
lighter serv:.ce. This means that the international competitive power
of Thailand's natural rubber is made so much weaker and that the port
is not capable of the t‘unct1ons it should perrorm for regional develop-

ment. s -

2, At present two Changwats, i.e., Songkhla and Phattalung, are
the magor areas embraced in the h1nter1and of the port's foreign trade.
With the 1mprovement and expansion of its fac111tles however, the port
of Songkhla will have a larger hinterland covering additional numbers
~of Changwat such as Nakon Si Thammarat Trang, Pattani, Satun, Yara

and Narathlwat. Further, it is likely that Changwat Surat Thani will

join to the hinteriand.

Besn:les the port of Songkhla, the port of Phuket is known as an
1mportant forelgn trade port in Southern Thailand. These two are ‘the
representatlve ports in Southern Thalland and located on the east and
‘west coast respecuvely. Vlewed from their topographic cond1t1ons and
port functlons, the tw0 ports are ent1re1y 1ndependent of each other, .
and the improvement of the one can in no way give any effect on the
improvement plan of the other. Improvement and expansion of both are
indispensable for the balanced development of the entire Southern
Thailand.

As\for domestic trade, Songkhla and Phattalung will remain as the
mam Changwat embraced in the hinterland of the port of Songkhla because

small vessels are the major means of domestlc cargo traffic.

~1-



3. The velume of cargoes handled at the port of Songkhla in'1970
stood at 344 thousand tons. This naturally dees not include the large
volume of latent cargoes which \‘vere transported via other ro_utve‘s and
by other {ransport means bec;ause of its poor facilit}es. \Sulc-h ‘latent
cargoes exist in the pbrt's own influence zone, and their volume is
expected to increase more and more with the economic progress of

Southern Thailand.

It is estimated that the volume of latent cargoes in the port's hinter-
land will reach 820 thousand tons in 1975, 1,060 thousand tons in 1980
and 1,850 thousand tons in 1990. An important fact to be noted here is
that the improvement of wharves and other port facilities alone will
not serve as an incentive for the consignors to ship this voluminous

latent cargoes through the port of Songkhia.

To turn the latent cargoes actualized it is imperative that the im~
provement of transport facilities be coupled by that of the colleéting
and distributing mechanism of commedities. It will require quite a
long pericd of time to materialize such [functional improvements, but
it is estimated that by exec‘flting such improvements, the cargo handling
volume of the port of Songkhla will increase to 553 thousand tons in
1975 and further to 930 thousand tons in 1980, It is believed that the
full coverage of all latent cargo volume of 1,847 thousand tons (estimate)
will be attained in 1990,

4, Except in the vicinity of the lake outlet, the coastal area near the
port of Songkhla is composed of fine sand, and the sea bottom slope
ranges from 1/200 to 1/300. The area arocund the port presents the
climatic features of Asian Monsoon Zone. No wave observation data
are available, but the significant wave height and pericd for structural
design estimated from the wind records are 2.2 m and 6-7 sec, respec-

tively.

On the sea bottom, silty material carried from the lake and meas—
uring less than 50 4 in grain size is widely distributed from the tip
of the breakwater to Ko-Nu and its neighbourhood. Interposition of
\ itbe soft silt layer is noticed in the siol, and this increases from beach
towards the offing with the aggravating soil condition. For this geological
reason, cofnstruction of port facilities in the open sea area will incur

a large cost and is not therefore advisable.

2



6.

The critical depth of sand movement, which bears upon the main-
tenance of the navigation channel, is estimated to range from 4.0 to
3.0 m. Therefore, intrusion of sand drift can be prevented almost

entirely by constructing a breakwater to the said depth.

Further, if a training dike is constructed on the lake outlet, the
flushing effect of stream be intensified and it is possible to maintain a

depth sufficient for the navigation of large vessles.

The construction plan of the port of Songkhla must be mapped out
for export expansion of primary products centering on natural rebber
and for betterment of livelihood of local inhabitants. The plan should
also be so formulated that the port facilities will exhibit their functions

with the minimum cost and at the earliest date,

The inner harbour plan is most recommended as the construction
site that meets these demends because of the above-mentioned technical
conditions, possibility of making full use of the existing breakwater
and navigation channel, and the small construction cost. Under this
plan, it is envisaged that a quay wall with a water depth -5.5 m and
having 4 berths, a 500 m long breakwater, a 1,770 m long training
dike, etc. will be constructed till 1990,

Port construction will be carried out over two stages, with the

First Stage divided into Sub-stage I and Sub-stage II.

Sub-stage I (1 9741 977) will cover the construction of the training
dike {1,000 m), quay wall with a water depth of -8.0 m and having
2 berths, another quay wall with a water depth of —=5.5 m and having
2 berths, and other related facilitied. Capital input required for

construction of these facilities is US$9, 380 thousand,

Construction in Sut-stage IT (1982-1985) will cover the training
dike (770 m}, breakwater (500 m), 2 berths (along quay wall with a
water depth of -8.0 m), 1 berth {along quay wall with a water depth of
-5.5 m), and other related facilities. Capital investment required in
this stage is US$8,440 thousand.

In the 2nd Stage (1989-1990), 1 berth each along the quay wall with
a water depth of -8.0 m and along the other quay wall with a water
depth of ~5.5 m will be constructed. Capital investment required in
this stage is US$1,900 thousand,

Economic evaluation of the Songkhla port construction project which

it calls for these investiments must be made from two different angles.



In other words, the project must be evaluated by the analysis of
national econmy and port management. In the former appreach, the
analysis should be made to assess the net value to national economy
that can be frought about by the port construction. -In the latter
apporach, on the other hand, the analysis is required to clarify if the
plan énsres sound port management. In either case, the analysis must
be based on the benefil-cost ratio method {discount rate: 10%) as well

as on the method of internal rate of return.

7. The analysis of the net value to national economy shows that the
benefit-cost ratio is 1.38 and the internal rate of return 14.9%,
indicating that the project will serve for the development of national

economy .

However, the project does not present a promising prospect when
evaluated by the analysis of port management, financial rate of return
at 5.5_% with the present port taxriff structure.

Gov;rnment's subsidy, if granted to finance a part of the construc-
tion cost, will make this project economically sound for port manage-
ment. If the Treasury covers the construction cost of outer facilities
and harbour facilities (which is equivalent to 44% of total construction

cost), the financial rate of return will rise to 12.8%.

Therefore, if the project is supported by such subsidiary measure

of the government, construction of the port of Songkhla can be consid-

ered justifiable for sound port managemenf.-

8. It can be verified that the improvement of Songkhla port is not only
technically feasible but also sound [rom the viewpoint of national economy

and port management,

By investing about US$10 million during the four year period of
Sub-stage I, the port of Songkhla will transform into a modexrn foreign
trade port and will also to meet the transport demand expected in about

eight years subsequent to 1974,

1t is evident that the said 10 million dollar investment will foster
the international competitive power of natural rabber and other primary
export products and at the same time contribute largelj to the improve-

ment of international balance of payments of Thailand,




II. = ECONOMIC FACTORS DETERMINING THE SCALE OF SONGKHLA PORT
A+, Hinterland of Songkhla Port

9. A great diversity of factors must be taken into consideration in
making selection between defferent transport means such as trucks,
rajilways and vessels for shipment of cargoes generating in the hinter-
land of a port. . In addition to speed, dafety and reliability, these
factors include the type and volume of cargo, maximum payabie rate
of transport cost, freight and cartage, and route, and all these factors
are put to rigid comprehansive review to determine which transport

means is to be used.

10. In studying the hinterland of the port of Songkhla, the following )

preconditions must be assumed.

i) Origins and destinations of cargoes in Thailand are all to be /

rei:)resenied by cities.

ii) Since the economic activities of Thailand are concentrically
carried out in Bangkok and Thonburi, Bangkok is taken as

an origin and a destination of the domestic cargo traffic.

iii) Rates of transportation charges have shown virtually no changes
over the past seven years (See Table 1 ). This trend is consid-
ered to continue in future. Il there arises any large fluctuation,
the balance between the rates of respective transpoxrtation

charges is condidered to be maintained.

iv) The system of roads and railways is taken to be in the state of
1970.

v) The amount of each cargo traffic demand, i.e., 1 lot, is
100 metric ton (values expressed in tons in the following pages

are all in metric tons).

Table - 1 Consumer Price Index for Bangkok-Thon Buri by Group
(October 1964-September 1965-100)

” Personal Recreation Tobacco and
Period All items Food Clothing | Houslng |ard medical | Transpor-| reading and aleokolic
caxe tation education beversges
/_Weigh:s 100.0 49.0 9.4 17.8 7.2 6.1 5.6 4.%
(1) (2) {3) (4) (5] {6) &3] (8)
1964 99.4 99.5 100.9 038.8 95.0 99.4 99.4 100.40
1965 100.3 100.1 9.9 100.6 100.2 100.3 100.1 100.0
1946 104.1 106.6 . 100.4 102.2 104.0 99.9 101.5 99.9
1967 108.2 114.2 100.4 102.2 107.9 99.0 101.8 9.9
1948 110.5 118.1 100.7 . {103.0 107.9 102.8 101.9 99,9
. 1959 112.8 122.8 100.5 104.1 107.% 99.0 101.9 29.0
1970 ~ T 1157 7 | 12301 (| “102.4 106.7 104.1 100.1 101.7 100.4

*Finzncdal Past. Sept. 2, 1971,



11. Since bangkok is one of the ends of domestic cargo traffic routes,
the following four cargo traffic patterns are considered to exist between

Bangkok and the 01t1es in Southern Thailand. (See Table 2)

Table 2 Patterns of Domestic Trade Cargo Trafflc

i) Truck Transportation’

| Shipment from transit shed and .

[Trahsit shed in Bangkok cityl|
- S + Nip .
%(Tiuck) Uni}oadmg HTransit shed at the place of
T - 2D
destination|

ii) Railway Transportation

|Transit shed in Bangkok citY! Shipnent fr;TDtransn shed and

leoadin Truck Transhipment Railways Transhipment
g, ( 3 ) T P , 1wy ) anship >
T 3(T-R) R 3(R-T)

(TiuCk) Un%loadlng ‘lTrans:Lt shed at the place of destination
T 2D

iii) Transportation by Coastal Vessels (via Songkhla Port)
] Shipment from transit shed and _

Eansit shed in Bangkok city] 7 >
D
loading _ (Truck) Transhipment . |Bangkok port I—) (Coastal vessel)
-—?{Songkhla porth Transhipment (Truck) Unloading
»|Transit
T T e 22108 > [rransic

shed at the place of destinationl

iv) Transportation by Coastal Vessels (via Port Closest to Place of
Destination)

lei‘ansit shed in Bangkok cit YJI Shipment frorrr; transit shed and -
1D

. loaciing {(Truck) Transhipment r’lBangkok port I---’:(Coastal vessel) —»
. Lt N 3(T-R} Np L S

—*lPort closest to the place of destlnatlonl—lTranshlpment
Np N3

(TEUTCk) Un;t;id?.ng "ITransrt shed at the place of destmatlonl




i) Trhck“transportation for the entire route,
ii) Railway transportation for the entire route.
iii) Marine transportation via Songkhla port.

iv) Marine transportation via neighbouring ports.

As for the patterns of foreign trade cargo traffic, the precondi-
tions listed in Item 10. must be supplemented by another assumption
that import and export cargoes of Thailand are handled at three ports,
i,e., Bangkok, Phuket and Songkhla, and that the same [reight rate
is applied at all the three ports.

On the basis of these assumptions, the following patterns of

foreign trade cargo traffic can be considered (See Table 3).
i) Lighter service at Songkhla port, truck transportation.

ii) Loading and unloading on the wharf of Songkhla port, truck

transportation.

Table 3 Patterns of Foreign Trade Cargo Traffic

i)} Lighter Service at Songkhla Port, and Truck Transportation

e Transhipment o, (Lighter) _Unloadin
—-’IE{%NZH for carrier, N, for lighter ~ Lo NoL
~—{Songkhla port | Loading . (Truck) _ Unloading s[Transit shed at
Npg Lir L Nap [

the place of destination—l

ii) Cargo handling on the wharf at Songknla Port, and Truck Transporta-

tion
- Unloading  |Songkhla port| Loading _ (Truck)
* @ Nogfor carrier Ner Nit L

*g__)l]nloadln Ilransit shed at the place of destinatioﬂ

Nap

iii) Lighter Service at Songkhla Port, and Railway Transportation

l Carrier I Transhipment . (Lighter) Unloading
T T = g ————
N,,tor carrier, N;; for lighter Ly Noyp

—>|Songkhla portiq Loading (Railway) _ Transhipment . (Truck)
] ——
Npp Nir Ly N3 Lt

“)IUnl}loadlng Transit shed at the place of destination |
2D | -




. » .
iv) Cargo handl:mg on the wharf -at: Songkhla Port and Rallway 'I‘ranspur—:

tation .
- Unldading | Songkhla port] Loading - (Railway)
@Nmfor Carrier ,1_N_PF ] ~ Njg . Ly ?
Transhipment- _(Truck)_._, Unloading . [Transit shed at:th S

N3 : Ly Nap

place of destination

v) Cargo handlmg on the wharf at Bangkok Port and Rallway Trans-

portatlon , . .
I:. Unloading r Bangkok port]|— Loadin {(Railway)
Carrier NZHfor carrier N s —

PF Mg~ Lr

Transhipient ('I‘ruck) Unloading
N3r-) Lr Nap

destination I

>|Transit. shed at the place of

vi) Lighter Service at Phuket Port, and Truck Transportation

lCarrieri Transhipment . (Lighter)  Unloading .
N,,for carrier, Ny for lighter T L N oL >
-—>| Phuket port I‘I oad:mg 5 (Truck) Unloading II}' ansit shed at
New Nop : —

the place of destinatioﬂ -

iii} Lighter service at Songkhla port, rallway transportatmn.

iv) Loadmg and unicading on the wharf of Songkhla. port, rallway

transportation.

v) Loading and unleading on the wharf of Bangkok port, railway

" transportation.

vi) Ligher service at Phuket port, truck transporiation.

12, From the link and node costs shown in Table 4‘,' trainsporta.tion
cost can be calculated for each of the patterns shown ablove. In the
case of Pattern iii) of domestic cargo traffic for example, the total

transportatlon cost is the sum total of the link and node costs listed
below.
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nee Table 4 Link and Node Costs"

» ' ' . L
Notation Cost (Baht/ton) Rezarks
* Shipment from transit
Hip shed and loading onto 12 Obtained by interviews with forwarding sgents in Bangkok zity.
s truck - P
Rip _Unloading from truck 12
Mir Loading ente truck 12 Ditte
¥ig ' Loading onto goods wagon 10 Ditto
I Unloading frem carrier 21 Average of the rates applied to diffzrent cargoes at Kantang port.
M (foreign trade cargoes)
Niy(rr) Transhipment from treuk 15 Obtained by interviews with forwarding sgents in Bangkok city.
to railway .
Kode | Ny(ry) Transhimment from rallway 1s Ditro
to truck .
Lo Haersy Tunshiineut from truck 10 Obtained by interviews with forwarding agents in Bangkok city and
B to coastal vessel shipping agents In Songkhla city.
N3csry Transhipment from coastal pitee
. vessol to truck
*Np . Port charges (demestic g - Obtained by interviewe with shipping sgents in Bangkek city; net
trade cargoes} intended to be applied.at & port with well consolidated facilities.
Npp . Port charges (forelgn Obtained by interviews with shipping agents in Bamgkek city on cargo
trade czrgoes) 39 handling and landing charges collected at Bangkok pert. The rate
N s - shown does not include customs fee, warfage, etc.
- Ly Truckage 0.3 Obtained by interviews with trucking sgents sampled from all trucking
ugents inm Thailand. ETO's standard 7ate is mot employed.
Lp Ratiway transportation Arithmetic mean of SRT's freight tariffs for Classes 2, 4, 5 and 8.
charges
Link | Lg Charges for coastal 83 Average of rates applied to different cargoes at Songkhla port;
vessel transportation obtained by interviews with shipping agents in Songkhla city.
Ly Lighter's charges (inclu- Gbtained by interviews with forwarding agents in Songkhla ¢ity and
sive of the terminzl 35 consigners shipping cargoes via Songkhla port.

tharges for € -C )

Charges for shipment from transit shed and Nip

ldading on the truck

Truckage Ly
Transhipment charges N3 (1$)
FPort charges Np
Charges for castal vessel transportation Lg

Port charges Np
Transhipment charges N3 (sT1)
Truckage Lt
Unloading charges Nap

13. The hinterland of Songkhla port in the case of domestic cargo

traffic can be obtained by first calculating the transportation cost of

all the four traffic patterns between major cities in Southern Thailand



and Bangkok, and then checking those cities from which the cargo

transportation by pattern iii) incurs the least cost relative to the

-other three patterns. Table 5 shows the trans;portation cosis obtained . .

by such calculation. The calculation indicates that the hinterland "

embraciné; such cities will cziver’changwafs of Ph@.ﬁtalung; Trang,

Satun, and Songkhla. OfF these changwats, Trang: and Satun have . -

their own port, i.e., Kantang port and Satun port. Partly_l‘or this

reason, and parily for the rather'dafing assﬁfnptions pfesentgéd abbve,

Table- 5 Comparison of tra}:spotation cOSts (ddniestic trade)

Unit:' Baht/Metric=Ton. Km

Pattern (i} ii) iij) iv)
Transpotation Transpotation Transpotation | Transpotation by
Trans- | by truck by Railway by. Coastal Coastal vessel

ata- ‘ vessel (via Port Closest

tion | 4 ) (via Songkhla to Place-of
cities (from Bangkok) (from Bangkok) | by Truck) Destination)

via

Chumphon 174 157 399 Chumphone 157
Phangnga 294 251 273
Phuket 298 254 301
Krabi 355 23] 249
Trang 361 198 206 Songkhla 206
Phattalung 380 200 190 - Songkhla 190
Hatvai 411 209 157 Songkhla 157
Pattani " 454 218 188 Pattani 157
Yala 456 221 189 Pattani 159
Betong 249 227 Pattani 159
Narathiwat 484 227 218 _Narathiwat 157
Kantang 369 228 214 Songkhla 214

these two changwats are excluded from the hinterland of Songkhla port

which is shown in Fig. 1.
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14.

v

The hinterland of foreign trade cargo iraffic can be obtained in
much the same way as explained above, Table 6 shows the results of
calculation of transpor:tation costs, and Fig.MZ prepared on the basis.

of Table 6 shows the hinterland. As is clear in the figure, the hinter-
land of Songkhla port's foreign irade covers two changwats at p;:'esent,
i.e., Songkhla and Phattalung. If the port is improved aﬁd if Bangkok,
Songkhla and Phuket are taken as the only foreigh t:lcade ports of Thai-
land, Satun, Pattani, Yala and Narathiwat will be included in the !
port's hinterland. If, again, improvement of Songlkhla port ‘prog:resses
to the extent that vessels can be moored for cargo handling serviée on
the quay wall, the pori's hinterland will embrace part of three addition-
al changwats, i.e., Chumphon, Surathani and Krabi. Howeveux", since
Chumphon and Krabi have no major cities in areas which will be included
in the interland, they shounld be excinded (by Teason of the precandltmn
that origins and destinations of all carge traffic are represented by
cities). Contrariwise, Changwat Surathani embraces all major cities
and is therefore be included, together with the above-mentioned eight
changwats in the hinterland zone to be expended after the port's improve-

ment,

Table 6 Comparison of transpotation costs (foreign trade)

Unit: BRaht/Metric-Ton. Km
Pattern 1) ii) 1i1) iv) v) ) vi)

Lighter Service Cargohandling Lighter Service Cargohandling Cargohandling Lighter Service

at Songkhla Port on the Wharf at Songkhla Port on the ¥harf on the Wharf at' Phuket Port

and Truck at Sangkhia and Railway at Sougkhla Port at Bangkok Port| and Truck
. Transpotation Port and Transpotation and Railway and Railway Transpotation
cities TIuck Transpo- Transpotation Transpotation

tion
Chumphon 371 336 226 18} 180 248
Ranong 334 299 54 219 218 212
- Suratthani 329 294 204 169 206
Krali 221 186 230 195 264 176
Trang 178 143 197 162 231 214
Kantang 186 151 200 165 233 222
Nakhon Si
. Thomear ‘ Bt 179 189 154 229 233

Phattalung | ° 152 127 170 135 233 233
Thing Sang 200 165 187 152 223
Yala . L 162 127 174 139 254
Narathiuat 150 155 181 146 260
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16.

indicés required for the estimation of latent cargo volume. The indices

Latent Handling Cargo Volume of Songkhla Port

The latent cargo volume referred to here is the maximum volume

of cargoes that will be ha.ndled at Songkhla. port when the economic

activities in the above—dehneated hmterland have mde a smooth profress

and the distribution mechamsm has been brought to a sat1sfactory state.

A\

The latent cargo volume is estimated by the macroscopic as well_ as

microscopic method. In the former method, the total cargo handling:. '

volume of all Thai ports is estimated to obtain the cargo volume generat—

ing in Southern Thailand from its ratio to the nation's tdta.l. The value‘

obtained by this method is employed in checking the results of micro—-

scopic estimation. In the microscopic method, the, cargo volume w1th1n

the hinterland of Songkhla port is estimated by the kmg of major com- *

modities.

for 1975 are the growth rates envisaged under the Third Economic
Development Plan of Thailand (19721 976), and thoise for the pericd
from 1977 to 1990 are the values given by_t\Tational Economic Develop—-
ment Board (N.E.D.B.) of Thailand.

Table 7 Major economic indices

The frowth raies shown in Table 7 are used as the basic economic

Economic - _ Average annual
indices Year growthrate’ Remark
G. D. P. 1971 ~ 1976 6.0 The 3rd 5 year Economic
: : Development Plan
1977 ~ 1990 7.0 N. E. D. B.
Population | 1971 ~ 1976 2.5 The 3rd 5 year Economic
: - . h : Development Plan
; 1977 ~ 1990 2.5 N. E. D. B.
Rubber. | 1971 ~ 1976 3.0 The 3rd 5 year Economic: -
: Development Plan
1977 ~ 1990 3.0 N. E. D. B.

—14~



17. The macroscopic estimation is made as described below.

1) The total _cargo handhng volume of all Tha1 ports 1s estimated

for future from its assumptlve annua.l growth rate.

i1) Thg ratio of cargo.volume in Scouthern Thailand to the total

“volume thus obtained is assumed, and the cargo voiﬁgne generating

. -~ in Sauthern Thailand is estimated. In this case, estimate of

<+t > - mineral products must be made ééparately because their cargo

aec . volume fluctuates largely by year.

©w . s»x Table 8 shows the results of macroscopic estimation.

\

‘. .. Table B Macroscopic estimation of port cargoes
** '~ -~ generating in Southern Thailand.

o e . L

" e o . Unit: 1,000 ton

Southern Thailand .
Thailand (excl. mineral products) Southern Thailand
Year Cargo Average annual Cargo Share of Southen ,émcl. mineral products) Remark
volume | growth rate volume .| Thailand - arge volune
1959 (15,4 | T B4 g 15,6« 3 801 D pproximation to the
1964-| 9,351{. .. 13 . | _ gm 8.9 832 growth rate of G.D.P.
1969 | 14,930 10 1,116 7.5 2,402 ZJDraw inference from
1975 | 25,200 .. 11,890 7.5 2,290 the past trends.
1980 | 35,100 2,730 7.0 3,130 3)
. 400,000 tons taken for
1990 | 85,500 8 5,140 6.0 5,540 mineral products.
18. " "' The microscopic estimation is made as described below.

-+~ - i) The cargo handling volume of Southern Thai ports is estimated

by maJor item from:

a) Estimate based on its actual past record, or

. - - -
i . I .

b) Its correlation with the relevant economic indices.
(See Table 9)
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B P AP . N T
of Macroscopic Estimation of Sea-borne Cargoes
P e T

Tabie 9? x Method

a P .

P i e e :I; Al

—Fish ....... (Expert volume in 1965) x (13.5%/yvr for 65 - 75; 10%/yr for 75 - 90)

Foeds Fruits ..... Export velume in 1565 (export valuefunit price) =x (10V/yT for €5 - 90)
x {share of Scuthern Thailand) . .
|_Oxen and ... Export volume in 1985 (export valuefunit price) x (5V/yr for 65 - 90)
cons x (share of Scuthern Thalland)
— Exports — - Tin-metals ., (Export volume in 1970) x {2.9%/yr for 70 - 90) x (share of Southern Thailand}
~Minerals — o anese .. (Expert voluze in 1970) x (4.6%/yr for 70 - 80) % (share of Southern Thailnd)
Gypsum ..... (Expert velume in 15970) x (1.0%/yr for 70 - 50) x (share of Southern Thailand}
- Lignite .... Pitto
=RUbDET  sueeesscessseaaes  Planned export volume in 1975 {5 Year Economic Development Plan} x (3%/yr
_?::;ign - For 75 - 90) x (share of Southern Thailand}
—Nood wemsssasnsearasss  Planned export volume in 1975 (export value/unit price; 5 Year Ecoroaic Develop-
ment Plan} x {3.4%/yr for 75 - 90) x (share of Southern Thalland)
_Construction - Steel .... Nation's total demand for steel materials {correlation with the construction
Material investment) x (sh:;re to construction work) x {shere of Southern Thailand)
- Iaports — ~0i1 ........ Nation's total demand faor petroluem (correlation with GNP} x share of
—Chenicals — Southern Thailand (mmber of motor vehicles) x (import rate)
Caroges — —E;:::; veves [Fertilizer consumption per unit area) x (farmland area) x {import’rats)
—TFoods ____EFlsh ceeaves (Shipment volume in 1965} x(10%/yr for 65 - 90)
Fruits ..... (Shipzent volume in 1965) x (growth rate of GNP)
' —Silica .,... Planned shipment veluze in 1965 (S Year Economic Developnent Plan)
EXPOTTS =] _Minerals — x (3%/yr for 75 - 90} ’
l~Lignite .... Shipment volume in 1970 (1%.yr for 70 - 90) x {share of Seuthern Thailand)
' -Cpysum ..... Shipment volume in 1970 (1%/yr fer 70 - 90) x (share of Southern Thailand)
| Man- ....... Shimzent volume in 1970 (4.6%/yr for 70 = 90) x (share of Southern Thailand)
L Wood ....B308%e ... (Shipment volume in 1965) x growth rate of forest industry {6.5%/yr for 65 -70;
3:4%/yT for 70 - 90) '
—Rice ....... (Shipment volume in 1865) x (pepulation growth rate in Southern Thailand)
—2::;:“: -1 |- Sugar ...... [Shipment volune‘ in 1965) x (growth rate of per <apita consumption)
Foods ——] x (population growth rate) .
=Drinks ..... Dicto
|=Fish.. . ...... {Shipment volume in 15865) x (10%/yr for 65 - 90)
T ~ Frudts..o.... - (Shipment volume ip 1965) x (growth rate of G N.P.)
[ Qten & Ditto
Cows
[=Livipgs —— Clothes, drugs, household supplies, ete. .......
L Inports — (Volume received in 1965) x (growth rate of GNP) N
—Steel ...... Hation's trotal demand for steel materials (correlation with construction
. investment) x (share to construction work) x (share of Southern Thailand)
: Construc~
- tion ] x {rate of domestic trade)
Materials [=Cement ..... Nation's total demand for eement (correlation with construction investment}
x share of Southern Thailand (all for domestic trade)

—Wood ....... (Volume received in 1965) x ([Growth rate of construction dnvestment)
0tl ........ Kation's tctal demand for petroleum (correlaticn with GNP) x (share of
—Chmicals—[

Southern Thailand} x (rate of demestic trade)

!;:rti- «-+.- (Fertilizer consuzmption per unit area) x (farmlatd area) x (rate of domewtic tradd
IETS .



ii)

The cargo hadling volume of Sonthern Thai ports is destributed

to each changwat by the economic indices pertaining to respective

_ items.

i)

iv)

Cargo volumes generating in changwats whithin the hinterland of
Songkhla port are summed up. The sum total thus obtained is
the latent cargo hadling volume of Songkhla port.

The i‘ollowing‘ corrections must be made for natural rebber,

i

cement and petroleum.

Cement: DemaI{d for cement in Southern Thailand is considered
to pursue‘a steady ﬁpwax;d trend in future. However,
sice cement is produced in the vicinity of Toong

) Sp__ng', its sh—ipm‘erit has long resorted to overland
transportation (see Fig. 3), and there is little prob~
ability that the existing overland shipment will shift
to marine transportation. "Fpr this reason, cement

is to be excluded from sea-borne cargoes.
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Table 10 Importing countries of ngtural rubber (1970}

No. Narge of countries | Export volume (ton)
1| -U. 8. A . 26,000
2 England 9,006
3 W. Germany 7,155
4 ‘Malaysia f 19,493
5 | “singapore 17,279
6 | France . 5,586
7.| Denmark . 437
8 | Belgium 2,020
9 Ndfway ‘ ) 22
10 ; Sweden 1. 1,289
11 | Netherland 2,078
12 Italy 24,528
13 Spain . ) : 5,530
14 Czechoslovakia 887
15 Yugoslavia 7,737
16 Japan 143,529
J17 ..Hong Kong 410
18 | Greece - 885
19 Portugal 1,123
20 | Turkey 2,908
21| Angola 182
22 Israel 5
23 Taiwan 20
24 Morocco 30
25 Poland 508
- 56 F—inland . . . 508
Total 279,164

Natural: The east coast of Malay peninsula occupies about 70%

rubher of total volume of natural rubber exported from
Southern Thailand as shown in Table 10. If Songkhla
port ha-ndleg this export volume, its cargo handling
volume w,illlaccount for 70% of the total export volume
oi‘l Sonuthern Tl}aila.nd. Therefore, the volume of
"natural rubber export via Songkhla port is taken at

365 thousand tons or 70% of the total export volume of
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Petrolum:

Southern Thailand; It may be added that in 1990, the .+~

total export volume of’ natural rubber from Southern

Thailand m 1990 15 estlmated to reach 521 thousa.nd

tons, and that the export volume generating within

Songkhla port's hinterland delineated above to 467 -

thousand tons.

'

Imprted petroleum is carried from Smga.pore by

tankers of 100-—600 R/ T class and can therefore be

supplied, as in the past, v1a the ports in Southern ’

Thailand. For thls reason, the hinterland of Songkhla

red to c01nc1de w1th that for domestic cargo trafflc.

port for imported petroieuin tra.nsportation is consid-

Table 11 shows the results of estimation of latent cargo volume

of Songkhla port.

"

Table 11 Latent cargo volume of Songkhla Port

.

Unit; (1,000 ton)

1965 1975 1980 - 1950
Fereign | domestic| total | foreign | domestic | total | foreign | domestic | total | foreign {domestic | total

food stuffs 1 56 | 7 23 135 | 1s8 36 180 | 216 87 239 | 428
daily neces- 4 a .
sities .
construction 40 40 48 17 65 79 28 107 187 64 251
material . -
petroelum 2 6 8 73 74 147 80 117 197 120 271 191
fertilizers 4 4 19 1 20 21 2 23 31 3 34
mineral 5 5 32 113 145 36 131- 167 46 175 221
products _
natural 56 3 59 236 236 273 273 | 365 365
rubber
timber 4 4 9 38 47 25 ‘49° 74 78 81 159
others 37 37 i
total 85 155 | 220 440 378 818 550 507 | 1057 914 933 | 1847

C. Planned Cargo Handling Volume of Songkhla Port

i9.

The volume of cargoes handled at a port is affected by the 'eomplex

interation of various factors such as the condition of port facilities,

cargo collecting and:distributing mechanism, cargo hadling system, and

tariff-and port charges.-

Existence of a huge volume of latent cargo

within the hinterland of a port does not promise the increase in the

cargo volume actually handled at that port (planned cargo handling

volume) if such factors are not favourable ones.

o
v

—20—



- Considering, therefort;, that Songkhla port is now capable of
pei‘forming rather poor functions, it is probable that a considerably
long time will be requlred before port facilities as will as the caxgo
collectmg and dlstrlbutmg mechamsm are so improved that the entire
latent cargo volume m its hmterland can to be actually handled. Time -
required for the planned cargo handlmg volume of Songkhla port to
reach thé level of the latent ‘ca“rgo volume will vary by the type of trade.
In the aspect of foreign‘trade, the port covers an extensive hinterland
and yet the collectmg and distributing mechanism is virtually left intact - .
at present. To cover the whole of latent foreign trade cargo volume,
therefore, actwe 1mprovement efforts will have to be made at least for
the coming ten years or'so. In the aspect of domestic trade, however,:
a shorter period of about fwe years w111 be required since the port
has been handlmg cargoes over the past years and its hinterland is

rather small.

20, szom the discussion advanced above, the year when the planned
cargo handling volume catches up with the latent cargo volume is set
at 1985 for foreign trade cargoes and at 1980 for domestic trade cargoes
and éeti‘oleuﬁf. Up to the said target years, annual growth rate from
the volume actually recorded in 1970. The relationship between the
latent cargo volume and the planned cargo handling volume is illustrated

in Fig. 4.
D. Relationship with Phuket Port

21. Songkhla port is situated on the east coast of Southern Thailand
whereas Phuket port is on the west coast. These two are the major
ports oi:‘ Southern Thailand. Since it is an imperative to attain maximum

. effect from the limited availability of funds, prudent care must be take_n:
to .avoid needless duplication in in%resting capitals for the improvement.
of these two po;'ts. For this reason, stlldies are made below as to how

Phuket port will be influenced by the improvement of Songkhla port.

As described in I;em A (Hinterland of Songkhla Port), the hinterland
of Songkhla port is limited to Changwat Songkhla and Changwat Phattalung
insofar as domestic trade is conc;erned, and Phuket port can be likewise
considered to have a small hintexland. It is therefore evident that there-
fore evident that there will arise no competition between the two ports

with fespect to hinterland, and this holds true with petroleum.

22, However, when the competition in the field of foreign trade is put

to an analysis, the following questions present themselves.
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i) Whether the two ports are currently in competition with each

other for foreign trade cargoes.

ii) Whether overlapping of the two hinterlands will develop when the
two ports are improved to the extent that the lighter service can

be replaced by thg c:;rgo handling service on the whaxf,

iii) What are the items and volumes of cargoes in the overlapped part,

if overlapping develops. -

iv) How will the answers to questions ii} and iii) be affected by the
improvement of the two ports and construction of a railway line

linking Phuket port and Surat Thani.

23. Stu;:ly of the above four questions made by way of the analysis of

competition produces the following results.

At present, foreign trade centres on the export of natural rubber
in case of Songkhla port and on the export of tin and import of perto-

leum in case of Phuket port.

The major producing area of natural rubber is found in the southern
part of Southern Thailand, whereas that of tin is in the northwestern
part. Considering the transportation cost to the shipping port, there
is little or no probability that tin will be exported via Songkhla port
and natural rubber via Phuket port. As can be deduced from the record
of cargoes handled in the past, it can be said, that the two ports are

not competing for foreign trade cargoes at present,

24, When Phuket port is improved to offer the cargo handling service
on the wharf, parts of the two hinterlands will overlap each other
(See Fig. 5). However, However, since the overlapped part has a
rather poor productive ability, the cargo volume which will shift from
Songkhla port to Phuket port is expected {o be no larger than about 18
thousand tons even in 1990, and this is about 3% of the total volume of
foreign trade cargoes handled at Songkhla port. Hence, the effect of
overlapping ‘on the improvement project of Songkhla port can be dis~

regarded.

When a new railway line is constructed y Changwat Surat Thani will
be included in Phuket port's hinterland. The resultant shift of cargoes
from Songkhla to Phuket is limited to 65 thousand tons which will not
demand virtually no changes in the facilities improvement plan of
Songkhla port.

From the above description, it can be said that the two ports func-
tion independently of eath other, exercising little influence on each

other,
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II.  NATURAL CONDITIONS IN THE NEIGHBOURHOOD OF SONGKHLA PORT
7 A. Topography, -

25. The port of Songkhla is situated on the right bank side of.the channel
leading from Lake Sap to outer’-‘sea, and its port fs.cilities allow for
the entry of 2,000 D/W cleissr’véssels. Lake Sap and Lake Luang
combined cover an extensive water surface area of 1,000 km%. Flat
'dsmp land ectends within 20 km from the shore of the two lakes, From
the point about 70 km to the southwest of Songkhla port, the mountain

" -range stretches thfough Maiay Peninsula. -With the exception'of the
lake outlet, the coastal area near tl;e psrt is covered by fine sand
grains. The grain size becomes small in places where the water depth
exceeds 3 m. As suggested by this grain size distribution, the sea
bottom has a m11d grad1ent of 1/200 to 1/300. On the left bank 51de of
the lake c‘lannel is found a h111 of aqueous rocks called Khao Daeng
The channel course is therefore flxed and its depth is maintained by
the slope current created by the dlfference in water level between the
lake and outer sea. Sand bars are w1de1y distributed in the front part

of the lake outlet facing the sea.

B. Climate
26. The area a:lsund the ;;ort of Songkhla presents climatic features
of Asian Monsoon Zone. However, with NE monsoon intercepted by
Indo-China Peninsula and SW monsoon by the mountain rangé stretching
Jthro'ugh Malay Psninsula; wind produces a relatively moderate effect.
' NE monsoon blows 'mostly from east and its average velocity is 6-8
m/sec. SW monsoon blows mostly from southwest and its average

velocity is about 3 m/sec.

’f‘hefé isa lsi-ge difference of rainfall between the wet season and
the dry season. Monthly rainfall ranges from 40 mm to 600 mm, and
the average annual rainfall is about 2,000 mm. The greater part of
thls ramfa_ll is recorded in October ~ December period. Number of
monthly ramy days averages 20 from October to January and this has

a _har_npermg effect on the progress of port construction work.
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C.

D.

Marine Meteorology

27. Gulf of Thailand is generally shallow and diurnal tide is well
developed. In the vicinity of Songkhla port, however, semi-diurnal
tide relatively prominent and the tide couves indicate diurnal inequality.
However, it is rerely the case that tha tidal range exceeds 1 m.

Record of wave obsevation is completely lacking. The wave height
obtained by visual inépection conducted in the neighbourhood of Songkhala
port by the Hydrographic Department of Thai Navy is 2.0 m. The wave
height arid period for structural.design estimated by the team from the

wind record are shown helow.

Hyy =2.2m
Ty3 =6~ 7 sec

Of these two values, the wave height is consildered jus_tifiablg, but the
wave period of 6 ~ 7 sec is believed to be somewhat shorter than the
actual value. It is therefore strongly urged that year-round -wave
obsevation be conducted at a point where the water depth is approximately
10 m.

Tidal current flows in NW direction at flood tide and in SE direction
at ebb tide. The surrent velocity is believed to rise to about 1 knot in

the NE monsoon season by the effect of drift current.

Hydralics of Lake Outlet

28, Drift sand is believed to move from SE ot NW in the season of NE
monsoon. The critical water depth of bed material movement estimated
from the waves and the grain size of bed material is within the range
from-4.0 m to-5.0 m. The channel between the lake and outer sea is
a density current of strong mixing type and its bed is exposed to a
large current velocity which produces flushing effect. Since the grain
size of bed material is small both in the channel leading out from the
lake and in the navigation channel, it is considered that a water depth

~of 9 m can be maintained with a tractive force of about 15 dyne/cm%
Curves of channel serve for the mainténance of water depth because
the tractive force generally increases in the downstream se:ction.

At ebb tide, however, scouring occurs on the left bank side, and this

should be prevented by taking a by suitable countermeasure.
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29,

Soil

) Sediment transported from Lake Sap is distributed widely in the
vicinity of Songkhla port from the head of the existing breakwater to
the neighbourhood of Ko Nu. \From Laem Sai to the inner harbour area,
a fine sand layer having a thickness of 4 to 6 m extends from the sea
bottom to a depth of about =11 m, This layer is underlain by a consol-
idated lateritic clay layer which presents brownish colour and extends
downwards to a water depth of about -37 m. This lateritic layer is
stratified approximately horizontally. The surface layer about 1 km
far from Kao Dang point is composed of coarse sand grains and has

a thickness of 8 to 10 m. This coarse sand layer gives place to a stiff
consolidated clayey layer from the water depth larger than 15 m.

Interposition of lensshaped soft silt layer with a thickness of about

.8 ~ 10 m is noticed in the fine sand surface layer extending from the

existing breakwater, towards the offing.'’
Deémi:_e_fhthgﬁ -11m, soil is composed of compact fine sand. The uncon-

fined compression strength of the said silty layer is as shown below.
q,=0.166 ~ 0.334 kg/em>

The increase of this strength by depth can be expressed as follows

(See Fig. 6).

q,= 0.1 kg/cm2+ 0.05Z (Base, -6.0 m)

27—
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v. SQNGK_HLA PORT CONSTRUCTION PROJECT - _ ’ .
A, * Fundamental Appx:oach to the Project

30. - In Southern Thailand deveiopment efforts should be directed
towards fostermg primary industries in.the 1mmed1ate futur, and the
development of secondary industries can be expected when the basis
for their growth have been provided by the development of primary
Aindustries., Natural rubber is the inajor primary product in Southern

: Thailand. In the hinterlend of Songkhl_a port, in particular, economy
is largely dependent on the production of natural rebber. At pxesent,
‘however, the port lacks deepwater wharves for large vessels and

thlS 15 hampermg the export expa.nsmn of natural rubber.

For further expansmn of consumer economy in the area surrounding
Ha.t Yal, stab111zed supply of cheap commodxtles 15 1nd15pensable.
Commodxtles consumed in this area are now supphed from Bangkok
except for a small fraction that comes from Malaysia. It ieaves no
doubt that marine transportation incurs the least cost on cargoes ship-
ped from Bangkok, but the facilities currently available at Songkhla

port are not sufficient for handling such sea-borne cargoes.

31. The Songkhla port construction project must be a scheme that
promlses expanded export and better and stablhzed lwehhood for the

people. The fundamental approach to the project is as outlined below.

1) The port facilities should be expanded to allow for the entry of
large ocean-going vessels at any time. Further, improvement
must be so made that the port will be able to perform its functions

in an e[f1c1ent and safe manner.

ii) The project should be S0 planned thatnit wiil exibhit benefits at
the earliest date with 2 minimum of ecpital input, For"this pur-
pose, construction work should be carried out in a concentrated

) and systematic manner, minimizing the construction of euch

facilities as breakwater and training dike which do not directly

serve to yield income.

1ii) The project should be so implemented that the existing and new
facilities can be used in an efficient and integrated manner parti-

cularly in the initial stage of construction. -
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iv) The project should leave foom for future expansion of 7the‘ port.
v) The project shold be planned t6 preserve the Fedreatiorn zones

Voo &

found near the bort. . - c e -

‘vi) Petroleum products will be handled entirely by the State Railway
of. Thailand as at !preselit.‘ However, if the new port facilities
are to be constructed in the outer sea area as proposed by T.C.I.,
mooring facilities for tankers should be constructed, 'This is
because the maintenance dredging of the existing navigation
channel is indispensable for mooring tankers at the existing pier
of the State Railway of Thailand, and this incurs a considerably

large cost.
B. Determination of Port Scale

32, The scale of a port is usually indicated by the planned cargo handling
volume, class of largest vessels expected to call at it, and number of

berths.

The planned cargo handling volume of Songkhla port is shown in
Table 12, The total volume of cargoes handled at the port in 1970 was
about 340,000 tons, and this is estimated to inérease to 1,000,000 tons
in 1981. Since the percentage of foreign trade cargoes in the total
cargo handling volume is estimated to rise from 26% recorded in 1970
to 37% in 1980 and 43% in 1990, Songkhla port will grow into the second

largest foreign trade port in Thailand.
Table 12 Planned cargo handling volume of Songkhla port

Unit; 1,000 ton

Year | foreign trade | domestic trade |petroleum Products total
(foreign & domestic)

1970 91 187 66 344
75 170 269 114 553
76 202 289 123 614
77 230 312 142 684
78 263 335 158 756
79 299 362 177 838
80 343 390 197 930
81 . 391 411 211 1,013
821 447 433 226 1,106
83 510 456 242 1,208

84 563. 480 259 1,302

.. 85 604 506 278 1,388

. 86 638 ; 533 297 1,468
87 674 562 319 1,555
- 88 712 592 337 1,641
89 751 623 365 1,739
90 794 662 391 1,847
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33.

“Class of vessels calling at Songkhla port is determined as described
below. The class of i‘oreign trade cargo carriers is determined on the
basis of their“class distribution recorded at both Bangkok and Songkhla
( See Table 13), whereas that of domestic trade cargo carriers and
tankers is determined using their class distribution data :}:'eaorded at
Songkhla port aiong. The class distribution of foreign trade cargo
carriers that have entered Songkhla port shows that 96% of all vessels
are smaller than 5,000 G/T. Vessels entfaring Bankok port are largexr
in average size than those calling at Songkhla port, but about 90% of
them have a draught Lof less than 7,32 m. Further, considering the

kinds and volume of cargoes which will be handled at Songkhla port,

.entry of vessels of extremely large size will not be required and there-

fore, 7,600 D/W is taken as the maximum size of foreign trade cargo

cariiers to be accommodated at Songkhla port.

+

. The class distribution of domestic cargo carriers indicates that
vessels of 100-300 R/T constitute the majority. 2,000 D/M is taken
as-the maximum size of domestic cargo carriers in anticipation of some
expansion of their size in future. From the same viewpoint, 2,000 D/W

is taken as the maximum size of tankers.

Table 13 Class of vessels calling at Bongkhla and Bangkek port
Class of vessels calling at Songkhla Port {1970}

—3I—

¥ [foreign trade)’ {domestic trade}
3 fA) consigned | (B) Except ) + (8) freight vessel tanker total
Class Southeast Asia { Southeast Asia class Mumber s Munbes) Nuzber s
i 7 Nuzber % Mumber % Number - L 1 0 ~50Rf’l‘ 57 7.0 1 9.2 68 7.3
0 ~ 200 63 38.9 ' 63 24.2 51 ~ 100 208 25.6 208 22,4
201 — 400 45 27.8 45 17.3 101 ~ 150 235 28,9 42 35,90 277 29.7
401 ~ 600 - 24 T-14.8 24 9.2 201 - 300 173 21.3 4 3.3 177 19.0
: 601 -~ BOO 24 14.8 24 9.2 301 ~ 400 ) 0.7 6 0.6
801 ~ 1,000 4 2.5 4 1.5 401 ~ 500 30 3.7 30 3.2
1,001 ~ 1,500 2 1.2 2 2.0 4 1.5 501 ~ 600 39 32.5 39 4.2
1,501 ~ 2,000 5 35.7 35 13.5 601 ~ 700 1 0.1 1 0.1
2,001 ~ 2,500 24 24.5 24 9.2 801 ~ 900 1 0,1 1 0.1
2,501 ~ 5,000 12 12,2 12 4.6 701 ~ 1,000 1 0.1 2 1.7 3 0.3
3,001 ~ 4,000 14 14.3 14 5.4 1,001 ~ 1,500 22 18.3 22 2.4
4,001 ~ 5,000 2 2.0 2 0.8 1,501 ~
& oo1 = 8000 | %2 1 %% Tota 814 {100.0 | 120[ 100.0] 3¢ [100.0
!Total 162 100.0 98 100.0 260 100.0
3
Class of vessels calling at Bangkok Port
1967 1968 1969 1870
Class
Number L Mumber k3 Mumber 3 Number 3
0~1,000" 86 | 9.7 es| s3] wmr| e8| 89 | 7.4
1,001 ~ 2,000 148 16.7 160 14.0 143 11.9 217 18.1
2,001 -~ 3,000 236 26.6 260 22.7 207 17.3 199 16.4
3,001 ~ 4,000 194 21.8 217 19.0 263 21,9 269 2.4
4,001 =~ 5,000 168 18.9% 169 14.8 186 15.5 153 12.8
5,001 ~ 6,000 65 7.3 149 13.0 162 13.5 140 11.7
6,001 ~ 7,000 30 3.4 50 4.4 52 4.3 49 4.1
7,001 ~ 8,000 25 2,8 40 3.5 27 2.7 27 2.3
8,001 ~-9,000 1 0.1 3 0.3 13 1.1 13 1.1
9,001 ~
Total 953 | 100.0| 1,143 | 100.0] 1,172 | 100.0| 1,156 {100.0



34. ..The required number of berths can be obtained by the application
of the\followingvequation. The number of berths for foreign trade. -

cargoesis to bé checked-by the Guecing theory. : R

365 x 4 Lo .
V= & | , ‘
ty = —5— to ) ‘
where,

V : Cargo handling volume per berth (ton/berth).

d. : Quay wall occupancy rate.

£ : Cargo weight per ship (ton).

t,: Average numver of staying days in the pbrt per ship.
A: Average daily cargo handling volume (ton).

t,: Number of days required for preparation for entering and sailing.

Studies indicate that the port should be provided, .by 1990, with
5 berths for foreign trade cargoes (in terms of quay wall having a water
depth of -8.0 m) and 4 berths for domestic trade cargoes (in terms of
quay wall having a water depth of -5.5 m). The present capacity of the
quay wall for domestic trade cargoes is assumed to be about 200,000

tons from the past cargo handling record of the port.
C. Selection of Construction Site

35. The construction site of Songkhla port should satisfy the fundamental
concept of the project and at the same bhe able to accommodate the re-
guired port facilities. The following are the major conditions to be

considered in delecting the constrution site.

i) The site should allow for the construction of facilities for the
entry of 7,000 D/W class ocean-going vessels for the present
and of 10,000 D/W class vessels in the future,

ii) The site should provide room for future expansion of the port.
- iii}) The site should assure that the level of port functions can be
substantially improved within a short period and at a mintmum

of capital input.
iv) Cost of construction and maintenance should be low.

v) The site should permit speedy execution of construction work
even in the NE monsoon season when marine meteorology is in

a detrimental condition.
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From the study of these conditions, the following three plans can

be conceived of.

36. Inner Harbour Plan

This plan takes avantage of the topographic condition of the inner
harbour for protection of port facilities against waves and aims at
intergrated utilization of existing and new facilities, Under this plan,
it is envisaged that the existing breakwater will be extended in préven—
tion of drift sand intrusion and that a new training dike will be con-
structed to maintain the navigation channel at the required depth by the
flushing effect produced by the current from Lake Sap (See Fig. 7).
It is also encisaged that the training dike and the navigation channel
running along it will be so constructed that the radius of curvature ;:f
their curves does not hamper the maneuvering of large vessels. This
plan is advantageous in that it incurs a small construction cost, allows
the use of the existing breakwater and navigation channel during con-
struction, and provides room for future expansion that may be required
by the future increase in caxrgo volume. Furthermore, changes in
marine meteorology can be virtually disregarded in executing construe-

tion since port facilities are to be built in the inner barbour area.

37. Lake Qutlet Area Plan

This plan envisages construction of facilities for foreign trade in
the area extending [rom the lake outlet, with the innexr harbour area
intended to be used exclusively for domestic trade. As shown in Fig. 8,
the existing vreakwater will be extended and a new training dike con-
structed under this plan. While providing the flushing effect as in the
case of Plan A, this plan presents no problems for the entry of large
vessels and offers room for future expansion. Demerit of this plan is
that it incurs a little higher cost than Plan A and a new navigation
channel must be dredged because the existing channel cannot be used.
Another demerit is that the construction of facilities for foreign trade

calls for prudent care since it must be carried out in the outer sea area.
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38. = Outer.S ea\iﬂ\rea ‘Plan

This plan is intended for consfruction of a new port in the outer sea

.area compléiiely severed from the existing facilities. As shown in Fig.9, \

_ it envisages construction of mooring facilities in the sea area surrounded

by a breakwater extending from the coastline to Ko Nu to in_tercept

‘'waves in the NE monsoon season. and by another breakwater intercepting

‘waves from N-NE direction. This plan is advantageous in that it can

39.

D.

40.

41.

secure a large basin and allows free approach to future expansion plans.
‘However, since the mooring facilities connot be put in use before com-
pletion of both breakwaters, the initial capital input is much higher
relative to the bther two plans. Further, the poor ground condition of
the breakwater construction sites makes the overall construction cost
much higher than is required by the other plans, and special consider-
ation must be given to the construction work since it is to be carried

out in the outer sea area.

Table 14 shows thé comparison of merits and demerits of the three

plans. On the basis of this study , Plan A is recommended to be adopted.,
Construction Progranime

Major facilities of Songkhla port to be constructed by 1990 are as

follows.
=8.0 m quay wall 5 berths
-5.5 m quay wall 4 berths
Breakwater 500 m long
Training dike 1,770 m long
Navigation channel Water depth -8.0 m

Width 100 m

Transit sheds 2
Warehouses 5

The above-listed port facilities are to be constructed in the selected

inner harbour area in accordance with the following principles.

i) Construction is to be carried out over two stages, i.e., 1st
Stage and 2nd Atage. The 1st Stage is to be divided into Sub-
stage I which covers the period from 1974 to 1977 and Sub-stage
II which covers the period from 1982 to 1985, whereas the 2nd
Sta‘ge is to run from 1989 to 1990.
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. o
11) Famhnes for handling foreign trade cargoes are to be separated

from those for domestlc tra.de cargoes. Lt . .

iii) Facilities for domestic trade’ cargo handling ar“e to be constructed

at positions where the existing facilities can be fully) matie use

[
N .

of. ] . ’ f. L R
42, The following points are'to be taken into account in the de51gn and

construction of respective port fa0111t1e5.

-

i) Structures should be of a simple construction ﬁsing‘steel sheet
piles ox steel pipe «piles for the sake of economy and for the

efficiencyia.nd reliability of construction work(See Figs. 10-13).
! - o - i

.ii) Efforts should be made for maximum use of locally available

construction materials, machines and equipment.

111) The breakwatexr shquid reach the position with a water depth or
4.5 m which is the critical water depth of bed material movement

from east so that it will serve as a groyne as well.

iv} Construction of the training dike should be proceeded with accor-
ing to the progress of the breakwater construction so that the.
navigation channel may be free from the intrusion of northeast-

erly vaves, .

v) The direction of the navigation channel should be so determind’
that vessels passing through it may not be subjected to wind .
force on the broadside. Room for future-expansion of the channel

should also be secured.

vi) One of the berths of the quay walls for foreign trade cargoes will
have a water depth of -9 m in consideration of the possible futjuré

enlargement of vessels.

vii) The construction site of the quay wall.for domestic trade cargoes
has a water depth of -5.0 to ~6.0 m. A unified depth of -5.5 m
should be adopted [or all berths.

434 : 'fable 15 shows the construction schedule. In the 1st Stage,.
i‘acﬂltles requlred for puiting in service two berths of -8,0 m quay
wall and two berths of -5.5 m quay wall should be completed. The
navigation channel sl[lould be dredged to have a de_pth of ~8.0 m and )
a2 width of 70 m. In the 2n_d Stage, quay wall construction \will bé:

continued and the breakwaters and training dike extended to et{able

[
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the port to perform the expected functions.

As shown in Table 16, the overall investment amount r‘equired up
to 1990 is US$19,720 thousand. The foreign currency reguirement
in the overall project is US$11,770 thousand whi¢h is equal to 60% of
the total investment amount. As shown in Table 17, stage-wise
breaicdown of construction cost is US$8,680 thousand for Sub-stage I,
US$7,790 thousand for Sub-stage II, and US$1 , 770 thousand for 2nd

Stage.
Table 16 Inner Harbour Plan Investment Amcunt . Unit; 1,600 uSs$
Unit Cost Sub-Stage I {1973 1977) b-Stage Il (1582 1935} Ind Stage
Facilities Local Forefgn
currency|currency Total |Quaptity! Llocal |Forelgn | Total antity | local [Forefgn |Total juantity | Local [Foreign Total
Brek ¥ater o8s| 2o z.89 560 400 1,005 | 1,445
Burk head 056  o7s|  Lm 170 5.8 1225 | a7 170 55.2] 1275 222.7
Tezporacy Cof- s 1 7
ferdan 0.81 0.81 8 6t 6. 7 56,7 56,
Approach Sea 3 3 1 .
Wall 1.49 134 2.8 10 104, 93. 198, 100 149 134 83
0.91] o3| s :
Training Dyke 0.9 o9 | 18| ool ses | emw 1ee5]  7r0ly 7007 7233 [1LazeS ;
‘illon milboa inillion ™
Dredging 207 m stal  OE] 22 a0s ¥ sax.ﬁ’ 6255 5.5 08| am | S0 ses 5.9 0.8
.0 oo 1azf 2] s L . . =
«R quay 1.71 2.34 4,05 300 469. 702 1,171 300 416 702 1,128 1501 23 351 ™
5.5 quay R M 28 a2t 2012 s07. so| 1352} 1205 2s3.% sol 13.2] 120.5| g8
Sea wall (Dozes] 0.7Y 0.9 im o) mef| 1se.t 76, 70| s1.¥| et | g
i 034 034 e 674 74 milion 5
Reclamaticn 194 1 o3ert, 7o 003 ol sa s2. 062 3L 3L
Land grading [0 COOOS o-oqanes] 45,3007, 2 of ERAELRET N R 2.4 22,6000, 1.47 L
Pavenent 0.013 v.013) 600 1118 m.g ozt a.° 91 44007 57,2 5.2
Transit Shed 15[ 152 275 3| ms 56 m 2| 20 304 s14
Nare house 77 108 185 1 77 108 185 1 " 108 185
1 i 2 2 2 2 2 2
havigation Ald 8, 8. 2 16. 16, 2 16. 15, 2| 16 1.
Sab-total 2,072.%% 3,202.97 | 6,104.5% 2,338.74 3,147.% | 5,525,744 6.t ga0.® [),35.9
Eng  Censtruc- 9 9
ticn Suppervi- 1,220. 1,220, 1,14 ¥, 104 267 287
sion
Ochers 567,951 567,99 29,7 | aap, 8
Cantingency 789 789 107 707 161 161
Grand Total
{Construction 2,872,559 5,800.92] ,681.% 2,338,144 5 44058 7 785724 657. 7 1,108.% {1 7659
cost) .
£ [Construction
B leost 2,872.5% 5,300,92| £,601.9 2,338 5,408.5% 7,786,724 657.%7 1,108 |1,765.7
£ Sltnterest F 2 0.4 & 0.075 « &Year 657 697 653 53 133 138
E8lroen [ 2,872,589 6,506.9%{ g, 3788 2,338. 19 6,101.59 3,439,724 6577 1,208 (1,899 @

1) Thoe constructica cest does not include the Imterest and cost of malntenance dredging.
2) The investment amount is the sum tetal of the construction cost apd intersst on the foreign currency pottion.

Table 17 Inner Harbour Plan Approximate Construction Cost by Year

Unit; 1,000 US§

agmrze” 1974 1975 1976 1977 1982 1983 1984 1985 1989 1930 Renorko
Foreign |2,196.% |1,772.% [1,524.2 | 1,405.%] 1,837.3 | 1,449.9 | 2.108.5 | 1,544.5 1,217.°
Domestic | 358.% | 43.6) 7119 672.5] 340.2| 371.0] 277.9| 7.8 548.7
Total  |2,554.° |1,815.% | 2,235.2 | 2,075.5] 2,177.5 [ 1,820.9 | 2,386.° | 1,402.5 1,765.7
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V. ECONOMIC EVALUATION OF SONGKHLA PORT CONSTRUCTION
PROJECT

Al Method of Economic Evaluation

44, Evaluation of the Songkhla port construction preject must be made
from two different angles. In the first place, the project must be
evaluated from the viewpoint of national economy. In other words,
the project must be reviewed by the anlysis of its value to national
economy. d In the second place, evaluation must be made against the
yardstick of i}ort management to study il the project implement;ation
assures sound management of the port. The anaysis is to be made
over a period of k25 years from 1974 .to 1999, with the benefit-cost

ratio calculation worked out at a discount rate of 10%.

45,  Construction of Songkhla port is expected to produce a diversity
of benefits as outlined helow.

i) Increased international competitive power of export goods and
.stabilized supply of cheap commodities resulting from the

- rationalization of the distribution mechanism.

ii} Industrial development ensued from the construction of quay

walls of large dimensions,

iii) Increased employment opportunities arising from the construction

"and operation of port facilities.

iv) Net income from the port\ management (balance between the income

Irom port management and expenditure for port operation).

Some of these benefits are measurable while some are not at
present. Benefits to be reviewed for the analysis are therefore limited
to measurable ones, i.e., amount of transportation cost savable by

the rationalized distribution and net income from the port management,

46, In the tlrans'port of foreign trade cargoes, the following cost saving

can be expected.

i) Saving of the transportation cost of lighter service cargo handling

service on the whaxf.

ii) Saving of marine transportation cost from Bangkok by the direct

" supply via Songkhla port.
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47.

43.

111) Reduction of demurrage cost by the improvement of cargo handling

method and quicker dispatch of vessels.

Cost saving of the basically same nature can be expected in the

transport of domestic trade cargoes.

Of the savings of transportation cost listed above, Items i) and ii)

are taken for the purpose of the analysis

The saviné of lrighter's transportation ;:.ost (Item i) varies consid-
erably by the kind and lot of goods and by whether goods are packed
or in bulk, " but averages 30 Baht/ton, This beneﬁt can he obtamed by
multiplying the saving rate by the volume of cargoes passing through
Songkhla port. Strictly speaking, the distance of overland transpor-
tation of commodities from the port incréases in proportion to the
saving of the lighter's transportation cost, and thereby makes the -
port's hinterland so much the larger. Accordingly, this benefit is to
be obtained not by multiplying all the cargo handling volume by 30
Baht/ton, but by applying this rate to cargoes cistributed within the
existing hinterland and half this rate to cargoes newly generating by

the expansion of the hinterland.

The saving of secondary transportation cost from Bangkok to

Songkhla is considered attainable as explained below.

With the exception of petroleum, direct inflow of import commodities
into Southern Thailand has been practically zero in the past and this
was because the ports in Southern Thailand have no quay walls of
large size and the volume of impoxt cargoes was not enough to demand
the entry of ocean-going vessles. With the advent of Songkhla port as
the foreign trade port of Southern Thailand, however, import commod-
ities that have hitherto been sent to this area by marine or overland
transportation from Bangkok will be directly imported, thereby saving

the secondary transportation cost from Bangkok to Southern Thailand.

Calculation of the secondary cost can be made basically in the

same method as applied for Item i) as described below.

i) 87 Baht/ton, the saving rate of marine transportation cost from
Bangkok, can be expected for import cargoes supplied to changwats
of “Songkhla and Fhattalung which are in the hinterland of Songkhla
port as well as for import cargoes going to changwats of Trang

and Satun.

L



ii}) Saving of a maximum of 87 Baht/ton to a minimum of 30 Baht/ton
can be expected for import cargoes which are distributed within

the port's hinterland of {oreign trade cargo traffic.

iii) Saving of a maximum of 30 Baht/ton to 2 minimum of zero is
expected for import cargoes to be supplied to Changwat Surathani
which will be embraced in the port's hinterland after its improve-

ment.

The benefit of saving of secondary transportation cost can be
obtained for each of the above three cases by multiplying the respective

saving rates by the volume ol import cargoes.

49. The net income from port management is to be obtained on the basis
of the port charges collected at Bangkok port because it is likely that
the examples set by Fort Authority of Thailand will be followed in
esfablishing Port Authority of Songkhla. Accordingly, using the data
of net income of Bangkok port shown in Table 18, net income at

Songkhla port is set at 40 Baht/ton for foreign trade cargoes.

Net income accruing from petroeum and domestic trade cargoes,
as calculated on the basis of the rates of port charges currently

effective at Songkhla port, is 2.5 Baht/ton.
50. Cost to be adopted for the analysis is the port construction cost.

51. Benefit and cost calculated by the method described above are
shown in Table 19.

B. Evaluation Based on Analysis of National Economy

52, ‘This evaluation is intended to bring to light whether the construc-
tion of Songkhla port will contribute to the growth of Thailand's
national economy. In making an analysis for this purpose, the saving
of transportation cost and net income are taken as the benefit and the

construction cost as the cost.

The project analysis for Sub-stage I discloses that the benelit-
cost ratio in this stage is 1,37 at a discount rate of 10% and the internal

rate of return is 14,5%.

Internal rate of return is the rate of profit earned by the unrecovered
portion of invested capital and therefore indicates the earning power
of unrecovered capital. The said internal rate of return of 14.5%

alfirms the soundess of the project for Sub-stage I.
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Table 18 Net income of Bangkok port

Item 1968 1969 Remark
Revenues (A} 274,082 | 269,333
Wharf Rate 4,743 4,965
Channel Dues 14,534 15,975
Labor Section 48,209 47,758
Port Operating 174,121 | 159,451
Accesarial Service 2,570 2,730
Rental 8,208 9,665 not included in
Passenger  Baggage 61 72 the income of
Overtime Fees 6,993 7,067 Sengkhla port
Others 14,643 21,650
Expenditures (B) 155,804 173,600
Maintenance 11,295 15,209
Depreciation 20,847 24,033
Labor Section 51,443 60,369
Executive Admirist 39,837 41,794
Others 32,382 32,195
Net income (A)-(EB)
(1,000Baht) 118,278 95,733
Traffic (1,000ton) 2,223 2,266
Net income per unit
cargo volume (Baht/ton) 53.2 42.2

Table 19 Benefit and Cost (lst stage)

Benefit (1,000 Baht) Remark
Year | Saving of Net income from Cost Net income from
transpota- | the port opera-| Total (1,000 port operation in
tion cost tion uss) Sab Stage I
1974 0 0 0 2,554.5 0
75 5,767 6,573 | 12,740 1,815.9 6,973
76 6,478 8,305 | 14,783 2,235.1‘ 8,305
77 7,488 9,480 16,968 2,075.6 9,480
78 8,640 10,858 | 19,498 0 10,858
79 10,006 12,330 | 22,336 [ 12,330
B0 11,642 14,195 | 25,837 0 14,195
81 13,560 16,186 | 29,728 0 16,186
82 13,560 16,223 | 29,783 2,177.5 16,223
83 18,436 21,040 | 39,476 1,820.9 16,280
84 21,006 23,220 | 44,226 2,386.8 16,340
85 23,489 24,925 | 48,414 1,402.7
86 24,967 26,353 | 51,320 0
87 26,545 27,865 | 54,410 0
88 28,221 29,460 | 57,681 0
89 29,969 31,098 61,067 0
90 31,872 32,900 | 64,772 0
9 0
92 0
93 o
94 0
95 0
96 0
97 0
98 0
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53. The project analysis made in the similar way for the 1st Stage
»
produces a benefit-cost ratio of 1,38 and an internal rate of return of
14.9%.

Results of these analyses are tabulated in Table 20.

Table 20 Evaluation Based on Analysis ol National Economy

Benefit-Cost Ratio | Internal Rate of Return
Sub-stage I (1974-1977) 1.37 14.5
1st Stage (1974-1985) 1.38 14,9

As indicated by this table, it can be said that the project is

beneficial to national economy.

C. Financial Rate of Return

54, Net income is the only benefit that can be considered in the manage-
ment analysis ol Songkhla port, whereas the port construction cost
must be taken as the cost. Analysis made on the basis of these two
factors produces a financial rate of return of 5.5%. These values
indicate that the management of Songkhla port, if based on the self-

accounting system, will run into financial difficuliies.

However, in the case of a project of this type which promises to
be beneficial to national economy, it is not necessarily required to
consider the self-supporting accounting system as a binding condition
for management, There are means to maintain sound management. For
example, the government may grant the necessary amount of subsidy
to the port anthority, or the port facilities may be constructed by the

government and transferred to the port authority.

55. The difficulty in maintaining the self-supporting management of
Songkhla port arises chiefly from the severity of the surrounding
natural conditions. To be more precise, the large capital input required
for the construction of the breakwaters, training dike and dredging of

navigation channel is the major cause of the difficulty.

To offer the possibility of maintaining sound management for this
project which is known to be conductive to the enhancement of national
economy, the government subsidy granted to the port authority to
finance a part of the construction cost will be effective. If the cost
required for the construction of outer and harbour facilities {which

is equivalent to 44% of the total construction cost) is covered by the

—50—



government , the financial rate of return to 12.8%.

Description given above is summarized in Table 21,

Table 21-Evaluation Based on Analysis of Fort Management

Benefit=Co=t (Internal Rate

Reatie of Return Remarks
Management by Sell-
Supporting Account- T 5.9
ing System
Management with Part Subsidy is eguiva-
of Cost Financed by +==5 12.8 lent to 44% of total
Government Subsidy construction cost.

The project can be evaluated as being sound for port management
if the government supports it with the above-mentioned subsidiary

measure.
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Hydraulic Study on the Maintenance of Water Depth of Lake Outlet

As stated in the section dealing with the selection ol construction
site, maintenance of the water depth in the lake outlet is the indispen-
sable prerequisite to Plan A {(construction in inner harbour area) and
Plan B {construction in lake outlet area). Hydraulic study made in
this appdendix is intended to look into and elucidate the possibility

of maintaining the required water depth.

Hydraulic study intended for the said purpose must be made on two
factors responsible for the silting up of navigation channel, i.e.,
littoral drift and sediment load from the lake. To clarify the effect
of littoral drift, studies must be made on such elements as the waves,
littoral current, grain size distribution of diameter of bed material
along the coast, topography and structures; and to grasp the effect
of sediment load, attention should be directed to the grain size
distribution of bed material in the lake and navigation channel, flow
characteristics of the channel in the lake outlet, tractive force, and

effect produced by the curves in the channel.

Waves in the vicinity of Songkhla port have never been chserved
by a wave detector in the past. Therefore, wave estimation is the
only means left for the present study. Data of Thai navy indicate,
however, that the visual! observation was conducted in this area from
a vessel in NE monsoon season when marine meteorology is in severe
condition. The wave height recorded by this observation is 2.0 m,

but the wave period is not known,

As for wind, observation has been carried on over the past years
at Songkhla airport. From the data available at this airport, those
for 1969 were employed for the purpose of the present study, and
winds recorded to have blown from the directions between NE and SE
were selected. These winds are concentrically cbserved in January,
February, March, October, November and December. Waves in
these months are assignable to NE monsoon and they cause drift sand
to migrate from SE to NE along the coast, Winds recorded to have
blown from the directions between W and NE were also selected, and
waves caused by them were considered to correspond to those observed
in SW monsoon season. ‘These waves are observed concentricaily
in June, July, Aupust and Sepiember, and are considered to cause

drift sand to migrate from NW to SE,



Due to the lack of the weather ;nap for fetch depermination and the
.extremely large feich expected on the east side of the Gulf of Thailand
in NE monsocv‘n season when waves of great significance are generated,
an infinite value was assumed for fetch. Accordingly, the wave height,
period, etc. were determined by the wind velocity and duration, and

S~-M-B method was employed for wave estimation.

The wave height and period were obtained by the above-mentioned
method for waves generated over 182 days in‘NE Monsoon season.
Fig. 1 shows the frequency distribution prepared.by the method of
Tohmas plotting. The design wave for structures design is given a
height and period equivalent to 99.9% and 99% respectively of the

values obtainable from Fig. 1.

H =2.2m

13

Tl{s = 6-T sec

If effective and economical control is to be achieved by means of
structures with account taken of the critical water depth of bed material
movement, then 95-99% and 99% respectively of the height and period

obtainaale from Fig, 1 should be sssumed for the design wave.

HIB =1.2-1.6m

T = 6-T sec

1/3
Fig. 2 shows the cumulative frequency distribution of waves
generating in SW monsoon season. For the control of drift sand, the

design wave should have the following height and period.

H =0-5"007m

/3

3 = 5 sec

In the offshore area of Songkhla port, tidal current flows in NW
direction at flood tide and in SE direction at ebb tide. It is believed
that drift current develops in NE monsoon season because of the long
duration of wind. Since the drift current tends to deflect towards the
right side of wind direction in the northern hemisphere, the said drift
current flows in NW direction. In NE monsoon season, therefore,
drift sand from NW direction provails by the combined effect of this
drift current and waves., The velocity of littoral current is believed

to be about 1 knot.
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4. As shown in Fig. 3, five survey lines, A, B, C, D and E, were
established along the coast of Songkhla, and bottom material was
collected at intervals of 1 m between D.L. +1.0mand D.L. -0.8 m

for grain size analysis. Findings of the analysis are as follows.

Between -1.0 m and -2.0 m, the median diameter of bottom material ,’
u:.’t501 ranges from 200 to 300 4, and between -3.0m and -6.0 m, it
is within the range from 50 to 100 &, At places deeper than ~7.0 m,
50 =10-20 U along all survey lines, indicating that sediment des-
charged from the lake is widely distributed and deposited. Fig. 4

shows the grain size distribution at each depth along survey line D.

The critical water depth allowing conspicuous movement of drift
sand, estimated from Fig. 5 with the wave height and period taken at
values described in the preceding item and the mean grain size of
bottom material taken at 70 M, is as follows.,

In NE monsoon season : 4.0-5.6 m beneath mean water level

In SW monsoon season: 1.2-1.9m beneath mean water level

The above findings indicate that it is advisable, for prevention of
silting up of navigation channel through interception of the greater
part of sand drift invasion, that the breakwaters be extended to the
position where the water depth is 5 m beneath mean sea level y Loe.,
D.L. -4.0 m, and that the training dike be also extended, in view of
the large bar in front of the lake outlet, to the position where the
water depth is D.L. -2.0 m.

Since breakwater extension work is not planned to be carried out
in Sub-stage I, the amount of maintenance dredging of the navigation
channel will be larger than in Sub-stage II. The existing breakwater
is extended to the vicinity of the place having a depth of D.L., -2.0 m.
At present, considerable siltation is observed for about 300 m from

its head towards the offing,

5. Bottom material from the lake channel toward lake inside was.
collected at locations shown in Fig. 6. The grain size analysis of
the collected specimens revealed that the mean diameter inside the
lake is extremely small, not reaching 30 i , whereas the values in

the lake channel are as shown below.
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No. 1 d50 =500 4

No. 2 dgy = less than 5K
No. 3 dgg =100 A

No. 4 g =504

No. 5 dgy =50 A

The critical tractive force for bed material having a mean diameter

of 100 is calculated below.

¥*2
Kurihara's formula: U, ={-76.0 log,, (1.18d)-37.2} d

*2
Iwagaki's formula: U= = 8.41 d V%

where, Uc* 2 =
T. : Tractive force.
/2 : Density of water
d : Mean diameter of bed material
Values of 7, obtained from the above two formula are as follows.
7,: 1.1 dyne/em’
7.0 1.7 dyne/cm2

Judging from the datz of boring work conductied for siol survey,

the mean diameter of bed material in the outer sea navigation channel

and lake channel will become smaller than 100 except at Station .
No. 1 of the navigation channel is dredged to a depth of -8 0 m.

Therefore, = 1.5 dyne/ em? will suffice.

An attempt to main{ain the water depth by the flushing effect proves

‘successl'ul in many cases 1f the tracuve force is less than 5 times the

‘eritical tractive force. Smce =1.5 dyne/cm as stated in the

preceding item, the required tractive force is -

—50
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=10 =15 dyne/c:m2

Tractive force is expressed by the following equation.

= f.U.U
where,
: Density of water
{ : Resistance coefficient (non-dimensional)

U : Flow velocity uniform in the vertical direction.
The value of I is expressed by the following equation.
P = g.nz/h”3 (Unit: m-sec)

where,

g i1 Gravitational acceleration.

n : Manning's voughness coefficient.

h : Water depth.

If calculation is to be worked out without regard to curves in the
channel, n = 0.020 - 0,025 is taken as in the case of river mouth and
h =9,0 min view of the mean water level. To obtain a tractive force
of =15 dy‘ne/cm2 , the lollowing value is required of U,

U = 70 - 90 cm/sec

The flow observation made at Stations 1 and 3 shown in Fig. 6
disclosed that the specilic gravity of water measured at each place is
uniform in the vertical direction as shown in Fig. 7. Further, the
survey data of Songkhla Fisheries Experiment Station show that the
density of water is gradually reduced towards the inner part of the
lake. From these facts, the lake channel can be judged to constitute
a density current of strong mixing type which, unlike a two-layered

flow, produces a large flow velocity that works on the bottom.

Figs. 8 and 9 respectively show the flow velocity measured at
spring tide on October 30,' 1971 and at neap tide on October 11, 1971
at Station No. 1. Figs. 10 and 11 show the values measured on
October 1 and 10 of the same year at Station 3. The values shown in
Fig.10 and 11 were measured at a point closer to the right bank side

from the centre line of the stream.

Under Plan A, it is envisaged that —-8.0 m quay wall will be con-
structed between Station No. 1 and No. 3. The flow is expected to
change by a number of construction works scheduled {or Sub-stages I

ang II including the dredging of the pavigation channel to a depth of
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-8.0 m, extension of breakwaters, new construction of the training
dike, etc. However, there will not be any large change in the flow
velocity because the increase in the flow resistance resulting from
the curved channel and the increase in the water depth by dredging
can be expected to be counterbalanced by the eventual improvement of .
channel course and removal of bars in front of the lake outlet. It is )
accordingly estimated that a velocity of 70 — 90 em/sec can be maintained
from the navigation channel in the outer sea area to the vicinity of the
-8.0 m quay wall. Itis to be noted, however, that the velocity will

not reach this value near the quay wall at neap ti_de when the
velocify at Station No. 3 becomes small as shown in Fig. 17,
Nevertheless, saltation will not take plé.ce because the sediment

discharged from the lake inside is smallexr than 50,& in grain size.

Curves in the channel develop the secondary current which produces
helical flow. Factors alfecting such flow are the angle of curve {8),
radius of curvature of the ecntre line of the stream {(r c), river width

(W), width of river bed (b), and water depth (yo).

Curved flow causes changes to the tractive force imposed on the
channel bottom. In Fig.12 showing the results of model test, ?o denotes
the tractive force before the curve and 7, the local tractive force of

curved flow. The model test was made under the following conditions.

0 =60°
b/r  =0.42
W/r,=0.6
W/y0=12

In the case of Songkhla port, values of these factors in Sub-stage
IT differ from those adopted for the model test as shown below, but

they serve to indicate the aspect of tractive force.

9 =70°

b/r, =0.5 "
W/r, =0.53

W/y =33

—65~ " -
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It must be taken into account that in the do'\'vnstréém section, ‘the .-
tractive force mcreases by more than 50%: from the centre lme towards
the lelt bank and by about 2 times just: besides .the left bank Therei‘ore,

i

foot protection of the training dike should be \vorlted 'qur thh prudent

‘care.-

Inflow from the outer sea area, on the other hand w111 result 1n .-

- the increase in the tractive force on the opposxte 51de of the -8 0 m

quay wall. Though th1s will destroy the dredged 31de slope of the
navigation channel, remedy can be brought about by natural tractmn
since the mean diameter of bottom materzal is less than 50 - as.

observed at Statmns 2 and 4. o - LT

. -

From the studies made in the foregomg pages, it 1s‘con51dered -
possible to maintain the navxganon cha.nnel at a depth of —8 Om
through the flushing effect and mterceptmn of drift sand that can be.
expected from.the extension of breakwaters and trammg dike havmg

a channel width of 300 m which is: the same as the w1dth of StationNo.1.

It is evident , however, that the offshore na.vxgatton channel w111
be silted up by the sediment load of small 51ameter I‘rom the lake or
littoral drift. Maintenance dredgmg in thls part of the nawgatlon -

channel must therefore be carr1ed on uninterruptedly.
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