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PREFACE

In résponse to a request from the Government of Thailand,
the Japanese_Government decided to conduct & Feasibility Study on
the Improvement of the Sewerage System in the Southern Part of
Lima and entrusted the study to the Japan International Coopera-
tion Agency (JICA).

JICA sent to Thailand a survey team headed by Mr. Ikuo Miwa,
Nippon Jogesuido Sekkei Co., Ltd., from July to October, 1988,
from January to March, 1989, and from October to November, 1989.

- The team held discussions with concerned officials of the
Government of'Thailand, and conducted field surveys. After the
team returned to Jépan, further studies were made and the present
report was prepared.

I hope that this report will contribute to the promotion of
the project and to the enhancement of friendly relations between
our two countries.

_ I wish to express my sincere appreciation to the officials
concerned of the Government of Thailand for their close coopera-
tion extended to the team.

March, 1990

KC:43~néLwiéx?iéﬁvj;;%;é?a__
Kensuke Yanagivya

President
Japan International Cooperation Agency






Su Ngai Golok

TABLE OF CONTENTS

For it e e O o T A0 M Om g b b o e

PREFACE

_ TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES

EXECUTIVE SUMMARY
Part 1 GENERAL
‘1. DESCRIPTION. OF THE STUDY AREA +.vvivevesvasnanarss Lol

1.1 Natural Conditions .s.evveseoserorusresrsosssnnnene 1-1

B 21 -3 1 = o B 2

1.1.1 _ 1-1

1.1.2 TOpOBTrApPhY «c.iiiieviriiersiterincerennas 1-1

101:3 : Geology -oo--o-.-n.o..--}ocp---f!.a--v-nn 1“1

1.1.4 HMeteOrOlogY v oviveoinrr v esnsnnonsss -2

1.2 SBocioeconomic CONAItioNs «oveenrrenineenrinesesnnn 1-4
1.2.1 Economic ConditioNS..veeervvsnsonsasarers Llub

1.2.2 Transportetion...iveiiii e rsnencirans 1-6

1.2.3 B 0T 1L T o 2 ¢ O 1-6
C1.2.4 Banitation (Water-borne Diseases)........ 1-7

1.3 LANA UBE tivvrenrsuososestasssassnssitanttesssnsesnsas 1-8
1.3.1 Existing Land Use Pattern ............... 1-8
163-2 Land Value L N N IR I R A B I N O T N NN B I B ] 1“8
1.3.3 Future Land Use Pattern and

Development Prospects .............. 1-8

2. WATER SOURCE 4t vvnenornnsnssnorosnssnanasnsnsnss 2=1

2.1 Existing Water Use Pattern ......cecevvernirnncans 2-1

General ..cieiir it ittt or st

2.1.1 2-1
2.1.2 Burface Waler ..ivvieavoesnrnrenncanesoans 2-1
2.103 Ground Water ... R R R R R 2-4

2.2 Aveilebility of Existing Water SOULCE ...caverenrs 2-6

2.2.1 Data Available for the Study ............ 2
2.2.2 Avallability of Existing Water Source ... 2-

2.3 Developabiiity of Ground Water ............c0ueue, 2-14

2.3.1 - Ground Water Potential .......vveeveeees 2-24
"2.3.1  Developability of Ground Water .......... 2-16

(1)



 Su Ngai Golok

TABLE OF CONTENTS (Cont'd)

EXISTING WATER SUPPLY SYSTEM. vovssvosvannnaosrceban '’ 3-1
Existing Water Supply SYStem .......eveecesseceses’ 'Ssl
3.1.1 General ... ..iiecirrireaenunneerreey 3-1
3.1.2 Treatment ..}.................a;;},.;..;;-s-3»1
3.1.3 Distribution System ...eeseeesvervasracss 3-4
3.1.4 Immediate Improvement Plan .....ieevseesss 39

Operation and MaintenancCe ..eccesaasssonsssssrtoosran 3-10

Existing Improvement/Expansion Plan ...ecceevveens
3.3.1 Improvementl Expansion Plan for
Treatment Plant ...cisrecessecacensn 3.12
3.3.2 General Concept of PWA for . Improvement/
Expansion for Water Treatment Plant 3-14
Existing Constraints ........cvivinnerinvrasnanne 3.16

Drganization ...viicrssiieiriiererieairntiestiian 3-17

3.5.1 Orgsnization of Regional Office ......... 3-17
3.5.2 Organization of Waterworks ........c.cceue 3-19

Financial STALUS +cirevivrrrrassoenosssarssstonsns 3-.21
3.6-1 Present System.....-.......-...-..-.....; 3"21
3.6.2 Revenue and Expenditure .....sovsieoescanan 3-21
POPULATION AND WATER DEMAND :'v'vevvvnsensunennsss - 4=l
Project Horizom ...v-vevrvurnrinnss T 41

Population -.-.--.-.-----n..ng.av----.uuggy;ts;‘}‘ 4"1

4.2.1 Historical Population ....eessevrasncanes bl
4.2.2 Future Population .......iicveensnnenones 4-1
4.2.3 Higher and Lower Growth Cases .........s. 4-6
§.2.4 Population Distribution ......vivevrvessa 4-7

Service Area and Served Population ..........cc0u0s 4-8

4.3.1 Service Area .........................;;. 4
4.3.2 Served Population ......ivuennsscasansans 4.

Water Demand ..,................;,................ 4-14

4.4.1 Historical Water Consumpﬁion e 4;14
4.4.2. Future Water Consumption ....ieeewsassinan 4-14
4.4,3 Future Water DemAnd «....uosisoonsnnnesns 424

(2)



Su Ngal Gololk

TABLE .OF CONTENTS (Cont'd)

b e R e M S P AR LA Gk R e BN kR RO e e

5.  DESTGN CRITERTA +vvvevvenransconenensenoensnnsnene 5=l
5.1 Raw Water Intake ..vvivrersossssrsorinrsarssasansns 5-1

5.2  Treatment and Pipe Design e 5-1

6. BASTS OF COST ESTIMATES +.vvuvvrsnnvsevensoncssnns 6=l
6.1  Comstructlon Cost .....viivviiiiiniiiiiiinaioennes 6-1

6.2  Operation and Maintenance COBL ..vsevecncnecarrvas 6-3
part' 2  DEVELOPMENT PLAN
7. CONSIDERATION FOR DEVELOPMENT PLAN .....vcewvesenv. 7=l

8. DEFINITION AND EVALUATION OF ALTERNATIVES......... 8-1

8.1 Water SOULCE vvviirrrvnaressoarocanns sisaseasainos 8-1
8.1.1  GENELAL +vrivensvnererinerionenenraraeess 821
8.1.2 Construction of pumping Station ......... 8-1
8.1.3 Comparative Study .......cvivvervrvrarras 8-4
8.1.4 Water Source Development Plan ........... 8-8

8.2 Water Supply SYSEemM ....evvvrvevesresrosaasenasass  8-10

8.2.1 L - Y= o §-10
8.2.2 Raw Water Transmission Pipeline ......... B-10
8.2.3 Proposed Location for Water Treatment

PLANE tinstsransnsssnssnnsansassanss, 8-10

. 8.2.4  Comparison of Alternatives ,............. 8-18
8.2.5 Facility Planning ..:scoveeecrscncanssnos 8-18
8.2,6 Staging of the Water Treatment Plant

COnsStruction ....v.veisrvenerrroaness B-20
8.2.7 Proposed Distribution System .........es. 8-20

9. TMPLEMENTATION PLAN +vvvvvvseenneeernassannnnnnees 9-1
10.  ORGANIZATION OF WATERWORKS ..........evsurveensess  10-1

11, PROJECT.COST'ESTIMATES N T 11-1
11.1 Construction CoSt ,....iveieeersnntnronscrcasansan 11-1

11,2 Operation and Méintenance COBE vhvvvsrnnnvrnnvnnns 11-4

(3)



Su Ngai Golok

TABLE OF CONTENTS (Cont'd)

s Mt vk kG b e M ) Mm e e W VG KR e TS e e

12.  ANNUAL DISBURSEMENT SCHEDULE +v.euevvnvnsansnonans
Part 3 FEASIBILITY STUDY

13.  FUNDAMENTALS FOR FEASIBILITY STUDY ........ovevve.  13-2

14, PRELIMINARY S5TUDY ....... v et e ey . 14-1
14.1 Rehabilitation{Modification Plan .......... P 141
14.2 Expansion Works ....c..vcvvann R X EEEETERREER 14-1
15. IMPLEMENTATION PLAN 15-1

16.  PROJEGT COST ESTIMATES «.ovvvurreoseneonsnoecsssrs  16-1

17.  FINANCIAL AND EGONOMIC STUDY ......veessevrsencass 17-1
17.1 Financial Study ........ e [ 17-1

1 Funding Arrangement .........vesanaanrass 17-1
2 Alternative Financing Plan .......ia0ues 17-5
17.1.3 Revenue Plan .....ccivsevacrrnssocirnsnas 17-15
4 Cash Flow Statement ...... 0 .eeeevivisaraas 17-21
5 Financial Analysis ...........cciiniienns 17-30

17.2 ECONOMIC SEUAY +vveerrrronernneesnsssssorannnsases  17-33
17.2.1 Economic Benefits of the Project ........  17-33

17.2.2 Economic Costs of the Project ...........  17-44
17.2.3 Economic Analysis ........vivevsniianesis 17-46

(4)



Su Ngal Golok

TABLE OF CONTENTS (Cont'd)

Cm by e o e W A AR A R R W RS W

APPENDIX

APPENDICES -
APPENDIX A-1-1  Meteorological Data
APPENDIX A-2-1  Hydrological Dats
APPENDIX A~3-1 .Study on Flow and'Pressure Measurement
_ . in Distribution System
APPENDIX A-3-2 Jar Test on Raw Water of the Water Treatment
Plant
APPENDIX A-4-1 Study on Water Gonsumption
APPENDIX A-4-2  Questionnaire Survey for Residents
APPENDIX A-4-3 Questionnaire Survey for Hotels
APPENDIX A-4-4 Questionnaire Survey for Factoriles
APPENDIX A-6-1 Constructibn Unit Cost
. APPENDIX A-8-1  Details of Water Demand Prediction
APPENDIX A-8-2  Details of Cost Estimates for Alternative Study
APPENDIX A-8-3 Capacity Calculation of the Water Treatment Plant
APPENDIX A-8-4 Water Treatment Plant Facility Plan
APPENDIX A-8-5 Distribution Network Analysis
A-17-1 Alternatives for Debt Service, Cash Flow

and Unit Cost of Water

(5)



Su Ngal Golok

LIST OF TABLE

Y L

No. Title Papge
1-31-1 Geological Feature .....eeesvvrrvvonrraeercn 1-2
1-1-2 Meteorological Data .eoveevenivsrnvaavneniedns 1-3
1.2-1 Population LADOT FOLCE .vvsevrvererssrinssneee Lok
1-2-2 Number of Factories by Industry Type seeeconrs 1.5
1-2-3 Number  of Some MaJor Offices in Municipal Area ' 1-5
1-2-4 School in Amphoe Su Ngal Golok .....cvvevvennn 1-7
1-2.5 Water-Borne Diseases in Su Ngai Golok ........ 1-7
2-1-1 " Raw Water Quallty R R LT A
2-1.2 Water Quality of Shallow Well ...vvevnennceine 2<5
2-2-1 LlSt of Rainfall Stationm ...vvveeearinanaraans 2-7
2-2-2 List of Hydrological Gauging Station ........i  2-8
2-2-3 Minimum Flow Analysis for the Golok River

at Rantau Panjang ..... .s:«.. crnnaseesns 210
2-2-4 Frequency Analysis of Annual Minimum Series - '

Flows for the Golok River at

Rentau Panjang ».......... e e 2410
2.2.5 Monthly Flow of the Goleck River . Sy

at Rantau Panjang ........ Peaessairaaees 2-13
3-1-1 Outline of Water Treatment Facilities ........ 3-2
3-1-2 Distribution Pipe ... ivrinnaeiiiiiinariinas 34
3-1-3 Number of Connections ....ieeeeevirvrsrvrnaans 324
3.1.4 Distribution Pipeline for Replacement ........ 3=9
3-2-1 Operational Record (Oct. 1986 - Sep. 1987) ... 3-1l
3-6-1 Revenue and Expenditure ........coiiivisranrnns .3-21
3-6-2 Ratio of Revenue to Expenditure ........c..... 3-21
3-6-3 Revenue and Expenditure of

5u Ngai Golok Waterworks ...........;.;;. 3-23

(6)



LIST OF TABLE (Cont'd)

[ L L T e

Area of the Study L A RA R R

.Population Projection of Su Ngai Golok

Study ATEA viveeasrarosssanosssisssnnas

~'Projection of Numbers of Families and Houses

Population Projection in ngher and Lower

Growth Cases

Se;ved Population .

Number of Tourists

‘Berved Ratio ... v.ieen.,
Future Service Ratio
" Future Served Population

LRC R A

L3

. a

.

R B O I R R A L RN B B R S B )

L A A N BN R A Y}

R N

LI I S A A I I B R T

Annual Water Production and Sales .......ivnn.
Major Cohsumers by CaLEEOLY iverevrniavins os
Water Consumption by Category

(after Regrouping) H.eseeeireinrrenranee
Domestic Water Ceonsumption t..veveavavsvsvnnas
Futute Unit Water ConsumMption “.uusviecrarses
Future Domestic Water Consumption ......... .

Ratio of Population to Hospital Bed .........

Summary of Governmental/Institutional

Consumption ....
Tourist Consumption

L N

LR A A LI B AR BRI

L N I R I A I N

Commercial Water Consumption ........veedv.n,
Industrial and Other Water Consumption ......
Unaccounted-for Water Ratio ... ivvveirninrnas
Summary of Peak Factor ....vivivenversorenans
Daily Average and Maximum Water Demand .......

Annual Maximum Series of Instantaneocus Peak
Discharge at Rantau Panjang ............

. Frequency Analysis of Instantaneous Peak

Discharge at Rantau Panjang ............

Comparison of Two Methods...

L I R R N L I B B A

Water Source Development PLan .......eesecusn

- Alternatives of the Watsr Supply System .....

Cost Comparison Summary of Alternative Plan ‘s
Proposed Distribution Plpellne B TN

2roposed Number Of Staff ...cvevieiiiiiiiiain

(7)

Su Ngai Golok

Pége



17-1-9
17-1-10
17-1-11

17-1-12

17-1-13
17-1-14
17-1-15
17-1-16

17-1-17
17-1-18
17-1-19
17-1-20
17-3-21

LIST OF TABLE (Cont’'d)
Title
Summary of the construction 00st ek erarane b

Cost Breakdown of the Raw Water.

Intake Fac1lity Creseveserreent e aa ey
Cost Breakdown of the Treatment Plant .oovvene
Cost Breakdown of the Pransmission Pipeline ..
Cost Breakdown of the Distribution Pipeline ..

Summary of Operation and Maintenance Cost. ...

Annual Disbursement Schedule ....ecesoviiensrves

Implementation/Disbursement Schedule .........

Loan Conditions ....
Funds Arrangement ..

Capital and Annual Cost Cash Outlay ceirseaeae

R I}

R R RCEE R I

PR LN A R U

Debt Service (Alternatlve 4) for Foredgn
POTEION socevcvernsnsrsssnsnsenssasaacnns
Debt Service (Alternative 4) for Local

Portion .......

LR B R Y )

Aseara e B s b a by

Debt Service (Alternative 4) .....ceovoverees
Project Cost, Disbursement Schedule

and Funding Allocation of Alternatiﬁe i .

Present Water Tariff SLIUCLUIE ......ivsiesnons

Present Connection Charge .......cevenvacaonns
Connection Fee ......

Present Service Charge .....

~ Service Charge ......

Water Sales ........
Projected Cash Flow

Unit Cost of Water .

Average Water Tariff ... ..ccoviivairnticinnasss
CDepreciation iiiiiiiiiiiiici e ieii i ie e

Financial Benefit and Cost Ceresesiaaa s ey
Financial Benefit and Cost .........c.0000uis
Economic Water Value ....vevsreeerocvensvansns

Bt e e

T e E ke

LR R R L L AL DU B

A A A

RO ]

L R L]

At T eE TR A PR SR Y

e P E A e PR A L ]

A R R DL AU RN )

P N B Y B RS R BN

~ Share of Head and Regional Office Overhead
Expenses .......

P I A I S BT R I B R

Age-Cause-Specific Distribution &
Medical Cost Per Capita ......vvvvvnerunn

Health Benefits ....
Land ATea ..vievanran

L N N N NN R

I N ]

R I N R R R B Y

Economic Land Value INCrease ..,...v.esavsnvecs

Summary of Economic Benefits .......cc0ivevnnen
~ Economic Project Cost

LN R A S R I RO A U DY B B A

Economi¢c Internal Rate of Return .............
Economic Internal Rate of Return .....oveeveee

(8)

L A N A R

Su Ngai Golok

Page

111

11-1
11-2
11-3
113
11.5

12.2

- 17-2
1725
17-7
17:8

17-12

17-13
17-14

17-11
17-15
17-16
17-16
17-17
17-17
17-19%
17-22
17-25
17-26
17-28
17-29
17-31
17-32

17-34

17-37
17-39
17-40
17-41
17-43
17-45
17-47
17-48



LIST OF FIGURE

P o L e

v Vm e e W G 3 B2 B e e G T e O wr kWA R S s B et e e e Ak Gk o B B DU BR T M R MO MM T B w G e e e e b A

- Existing Land Use & Transportation Pattern ...
"Future Land Use Plan Dy DICP. .. vvenensnnnsan

Location Map of Water S0UrCe .......veevuceses
Location of Water Sampled .u..eoinverearsesrres

Monthly Flow at Rantau Panjang «visveeiacviasan
‘Logarithmic Normal Distribution ........ecces.

Hydrogeological Map t.vvvvirniervannnsnsnsrrnas

Fxisting Water Treatment Plant .......ovveeusen
Existing Service Area ......vcerinnrnvrnnresns
Existing Distribution Network .......eivcauvnn
Pressure Contour Line ......i.ivvnennininernnns

Organization Chart of Regiohal Offide s S
‘Organization Chart of Su Ngal Golok Waterworks

Study Area e e ieceeetarateancteonsterersanes
Population Projection of Study Area ..........

Proposed Service ATER8 ,...evrvncvrntiansacnsas
Number of Tourists in FUubture ....c.ieevescoaeas

VWater Pﬁoduction and Sales ... it iiiiennane

Cross Section of the Golok River ......vevvans
Freguency Curve for Instantaneous Maximum
. DiSChATEE +vveveveronsravosasnsororanoans
_Raw Water Intake Pumping Station (case 1) ....
Raw Water Intake Pumping Station (case 2} ....
Water Source Development Plan .....oveerveenss

Water Demand Prediction ...vvvieeevrcnnsonanns
Proposed Raw Water Transmission Pipeline .....
Proposed Raw Water Transmission Pipeline

(Designed Dy PWA) +ov.vivivnrannarensnnns
Schematic Plan for Proposed Treatment

Plant System (Alternative 1) ............
Schematic Plan for Proposed Treatment
: Plant System {(Alternative 2} .......c.....
Schematic Plan for Proposed Treatment

Plant System (Alternative 3) ............
Immediate Improvement Plam .......ccovivunsaans

Implementation PLAN «.iuvvvvanovrsnsrorannsnans

(9)

Su Ngai Golok



Su Ngal Golok

LIST OF FIGURE (Cont'd)

w0 e A R A A e e R R e m b A R4 W e W e o R S

No. Title Page
10-1 Proposed Organizatlion ...iveeeerervrviensioss 10-2
15-1 Implementing Schedule for Phase 1 +...........  15-2

17"'1“‘1 Capit&l DisbursemEnt !ln.vo-nl-t‘lll.l I N N 17“"3
17_1"2 Futlding BurdEIl P R . o LR R R A B S L T S L 4 1?"10

(10)



Su Wpgal Golok

EXECUTIVE SUMMARY
Part 1 - GENERAL

THE STUDY AREA

The Municipality of Su’ Ngai Golok is one of the centers of Narathiwat
Province. Narathiwat is situated on the southeéastern crest in the southern
region of Thailend. Su Ngai Golok is & border town and enjoys commerce and
tourism with Malaysia. : :

As the gouthernmost town in Thailand, Su Ngai Golok is bounded by the
Golok River. The river originates from Malaysia and flows into the Gulf of
thailand with an average annual discharge of 2,000 MCM, flooding the low-
laying areas during the rainy season. Alluvial deposits formed in the areas
along small streams that flow 1nto the Golok Rlver.

_ Average annual rainfall in the areas is 2,600 mm whlle average annual
- pan evaporatlon level is 1,700 mm: Mean monthly temperature varies from
28.5 °C in April to 26 1°C in January.

In ;986 there were 9 877 people gainfully employed in rubber planta-'
tions, 1ndustrlal, commerclal service and other establishments in the study
area,

Tourism is a booming economic activity in the area. At present, there
are 57 hotels with a total of 2,063 rooms. These are located mostly at the
central commercial district of the municipality.

Land transportation is the major means of travel in the ares, where two
inter-city roads meet. One is Route 4056 which connects the town and Narathi~
wat and the other is Route 4057 which leads to Tak Bai and Waeng. Boat serv-
ices across the Golok River is also an important means of dally transportation
for people and ccmmodities in the area. :

The goverument plays a vital role in all aspects of Thailand’s educa-
tional’ system. which is ‘divided into three levels - primary, secondary and
tertiary. There are 17 schools in Su Ngal Golok,

Existing land use shows that most commercial facilities including hotels
snd restaurants and high density residential areas are concentrated between

Route 4056 and the Prachavivat Road. Forests including rubber plantatlons
abound in the southwestern areas.

WATER SOURGE

Maln water sources in the study area are the Golok River, shallow wells
_and a few deep wells.

The Golok River orlglnates from the highland region southwest of Su Ngai
Golok. The catchment area is 774 sq. km.

N RéLQWater collection, which is a traditional source for water supply in
Thailand, is rarely utilized in the study area.

_ Shallow wells and deep wells are commonly used as alternative water
sources in the study area, especially by private houses and institutional

S—1
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e@stablishmeénts, respectively,

Monthly rainfall data were recorded at four gauging stations in the Thai
side of the catchment area of the Golok River. Climatology data area avail-
able at Narathiwat. '

Hydrological data were available both at the station on the Thai side
and on the Malaysian side. For hydrogeclogical data, the only ones available
are the map prepared by the DMR, the Golok River Basin Develapment Study
Report and the Bang Nara Irrigation and Drainage Project Feasibildty Study
Report. - . _

Several methods such as rating curve plotting and gauging were-gsed for
estimating the discharge capacity of the water sources at Rantau Panjang, Mu
No and Waeng.

Low flow analysis as reported in the Golok River Basin Development Study
showed 2.5 cu,m/s once in 10 years, 30-day low flow.

Water demand in the target year 2011 was estimated at 0.137 éw.mfs in
intake level including the intake loss. Thus, the existing and proposed water
sources have sufficient flowé even in the return period of 10 years.

Studies made on groundwater or alternative source for water supply
showed that groundwater can be developed for private household’s use but not
feasible for public water supply because of unreliasble gquantity during the day
season and contamination of source throughout the year.

EXISTING WATER SUPPLY SYSTEM

The waterworks for the municipality of Su Ngai Golok was founded in
1964. The system initially had a treatment plant with a capacity of 20
cu.m: /h, treating raw water from the Golok River. -In 1969, the treatment
capacity was increased to 180 cu.m./h with the construction of a new 160
cu.m./h treatment plant.

The. treatment process consists of chemical £locculation, sedimentation,
rapid sand filtration and chlorination. Treated water stored in a 1,500 cu.m.
reservoir is pumped into a 250 cu.m. elevated tank before it is distributed o
the service area by gravity,

The distribution system of the waterworks covers the.cénté: of the
municipality. : o

The number of connections increased from 1,531 in 1980 to 1,926 in 1983
and 2,530 in 1987. Although all house connections were metered, numerous.
meters were found to be defective or show measuring errors, '

A detailed design has been prepared for the improvement of the existing
sedimentation basin and sand filters in order to increase a treatment capacity
to 240 cu.m, /hour. -

,I“ 1987, Su Ngai Golok Waterworks had 2,550 connections. In £his yeat.:
‘the total water production was 1,226,207 cu.m. while total water sale over
1,461,269 cu.m. : ' ' a

The annual water production and sales from 1980 to 1987 are shown‘in_thé
following table; -



- Anmual Water Production and Sales

S5u Ngai Golok

Water Water No. of Consump,

Year Production Sales .Conn. per Conn.
{cu.m/y) (cu.mfy) {cu.mfd)
1980 928,880 730,376 1,531 1.303
1981 - 1,076,460 807,851 1,595 1.427
1982 © 1,123,816 833,094 1,712 1.371
1983 1,357,506 951,165 1,926 1.391
- 1984 1,613,456 1,071,329 2,072 1,613
1985 1,527,501 1,081,895 2,253 1.353
1986 1,374,478 1,158,101 2,366 1.379
1987 1,461,269 1,266,207 2,550 1.399

POPULATION AND WATER DEMAND

Future served popﬁl&tions'are calculated by area using the future serv-
ice ratios and projected population therein as shown below:

Future Served Population

: Population in Sefvice Area Average
Year —— - - Service
“High Dens. Med. Dens. Low Dens. Total - Ratio
. Area Area Area ()
1991 8,581 2,532 0 11,113 34.5
(12,258) {12,660} (7,268) {32,186)
1996 10,318 4,575 1,461 16,354 43.8
{13,757) (13,865} (9,743) (37,365)
2001 12,262 6,783 3,241 22,286  S1.4
: {15,327) (15,073) {12,965) 43,365)
2006 14,399 9,429 6,846 30,674  61.0
{16,940) (16,257) (17,115) (50,312)
2011 16,709 12,170 11,202 40,081  68.7
(18,566) {17,3835) (22,404) (58,3535)

- Upper ': Served pbpulation in the gervice area

Lower :

Total population in the service area

‘For future water consumption, forecasts are made on five categories:

a) domestic water consumption

b) governmental/institutional consumption

¢) tourism water consumption
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d) commercial water consumption

¢) industrial water consumption

The future water demand was calculated and summarized as the table
below: '

Daily Average Water Demand _ =
(Unit : cu.m/d)

Category 1087 1991 1996 2001 2006 2011
Domestic 1,652 1,750 2,535 3,490 4,793 6,333
Gov'tfInst'l 4§47 612 659 712 775 . 847
Tourism 98 995 1078 1,114 1,130 1,136
Commercial 128 129 140 145 147 148
Industrial 27 28 38 50 67 86
Others 248 267 361 475 629 811
Sub-~Total 3,489 3,781 4,811 5,986 . 7,541 9,361
Unaccounted-for _

Water Rstio (1) 13 13 13 13 13 - 13
Unaccounted-for _ '

Water 521 565 719 go4 1,127 1,399
‘Daily Average 4,010 4,346 5,530 6,880 8,668 10,760
Peak Factor 1.30 - 1.30 . 1.30  1.30  1.30
Paily Maximum 5,650 7,189 8,944 11,268 13,988

DESTGN CRITERIA

The Design Criteria for the treatment system and pipeline was estab-
lished based on the various design standards employed in Thailand and other
countries, taking into consideration the conditions of the project site and
raw water guality.

The design criteria is summarized as follows:

1. Water loss - a total of intake and treatment loss is 10 Z; treatment
loss is 8 2 '

2. Pipeline - velocity is a maximum of 3.0 mf{s and a miﬁiﬁum of 0.3 mfs,
Pipe material is steel for 400 mm diameter pipes or larger and AIC for
300 mm ox smaller.

3. Tregtment Plant - a) receiving well: treatment time is 1.5 min.; b)
mixing tank: mechanical flush mixer; c¢) filter: rapid sand flltration,
d) clear water reservoir: 8.0 hour retentlon time. :

4. Distribution facilities - Minimum service pressure is planned at 1.0
kg/cem2 for hourly maximum flow,
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BASIS OF COST ESTIMATE

The construction of the facilities to be built is caleculated based on
1989 prices. _

a) - Pipelines - by linear meter for transmission and distribution pipes

*b) Water treatment plant - PWA's data for the unit cost is used for the
civil structures of the treatment plant. For the mechanical works,
major items are counted individually. The cost of the electrical works

. are calculated by the percentage to the mechanical works.

The cost estimates are separated into foreign and local cost portions as
shown here: ' ' .

Ttem ' Foreign Currency lLocal Currency

Pipeline - (ry (7)
AfC pipes 30 70
Steel pipes I 80 20

StructuralfArchitectural 30 70

Mechanical ‘Works. : 80 ' . 20

Electrical Works : ‘80 20

Land Acquisition 0 _ 100

_ Operation and maintenance costs, based on 1989 prices, consist of ener-
gy, chemical, manning, replacement and repair costs. Costs of the PWA's head
office and the regional office allocated for this waterworks are alsoc calcu-
lated and added in the financial study.
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Paxt 2 - DEVELOPMENT PLAN

 DEFINITION AND EVALUATION OF ALTERNATIVES

Fvaluations made on several alternatives for the development of .the Su
Ngai Golok Waterworks revealed the following: . : . e

a. The PWA's plan to construct a new pumping station 7 km upstream of the
existing intake, where raw water is less contaminated, is appropriate,

b. Construction of a new treatment plant with a maximum treated capacity of
9,400 cu.m./day is necessary to meet water demand by 2011.

Watef source development plan calls for the construction of a pumping
station at the proposed intake point. The work will be done in three stages,
Phases 1, 2 and 3, as shown in the following table:

Water Source Development Plan

{Unit : éu.m!min)

Water Intake Daily Maximum

Project Year Capacity Water Demand
(1) Phase I 1990 6,340 5,333 ¥}
Intake Pit
Pump Sta.
-{2) Phase II 19985 11,510 6,853
. add Pump
{3) Phase IIIX 2003 16,700 9,814
add Pump

#*) s Maximum capacity of the existing treatment plant

New treatment plant with a maximum capacity of 9,400 cu m/day is pro-

posed to be constructed at the PWA's land near the new raw water intake. The
existing plant will also be in use in the future so that the total treatment
capacity will be 15,160 cu m/day. An additional transmission pipeline is

proposed to be laid from the new treatment plant to the service area. The
pipe should be of steel with a dismeter of 400 mm and a length of 6 km.

The proposed system is schematically shown in the Figure 5-1.

IMPLEMENTATION PLAN

The implementation plan of the total project will follow projections on-
water demand. The construction of the treatment plant is proposed to be
carried out in one phase. The construction of the transmission and distribu-
tion pipelines will be constructed in two years. Figure S5-2 shows the water
demand, the treatment capacity and the construction schedule of the facili-
ties.



SERVICE AREA

 EXIS.WTP|
{5,760 cu m/d) |

RAW wATER '
TRANSHISSION
PIPELINE

TREATED WATER
TRANSMISSION
_ PIPELINE

PROPOSED WATER
TREATMENT PLANT
( 9,480. cu m/d)

/

PROPOSED RAM
WATER . INTAKE

FIGURE S-1
SCHEMATIC FLAN FOR PROPDSED
TREATMENT PLANT SYSTEHM

(ALTERNATIVE 3)
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ORGANIZATION OF WATERWORKS

_ The organization of the waterworks system will) have to be expanded to
include sections on admindistration, water production at new and existing
plant, and the number of staff needed to run the system depending on water
demand. Figure $-3 shows a proposed organization for the new system,

PROJECT GOST ESTIMATES

(1) Gohstruction Cost
Construction cost summary was based on the 1989 prices and was calculat-
ed for each facility component as shown in the Table below.
Summary of Construction Cost

{unit : Baht Million)

Ttem _ , Total Value Foreign Currency Local Currency
: Portion Portion
1.Raw Water Intake 4,320 2,192 2,128
2.Treatment Plant 35,944 ' 26,172 9,772
3. Transmission _ 17,400 5,220 12,180
Pipeline
4.Distribution 26,787 8,036 18,751
Pipeline .
Sub Total 84,451 . 41,620 42,831
5.Land Cost 0 ' 0 0
Total : 84,451 41,620 42,831

{2} Operation and Maintenance Cost

Operation and maintenance cost is calculated from the water demand
in each. year, and consists of energy, chemical, manning, repair, and replace-
ment costs.

Total operation and maintenance cost is tabulated as follows:



Surmary of Operation and Maintenance Cost’ - -

Su Ngai Golok.

ht 1000)

{unit : Ba
Year Energy Chemical Manning Repalr Total
' Cost’ Cost Cost Cost -
1990 479 2,034 2,513
1991 1,302 164 2,136 3,602
1992 1,318 172 2,243 S8, 733
1593 1,335 180 2,467 - 3,982
1994 1,352 189 2,590 4,13%
1995 1,646 199 3,833 5,678
1996 1,698 208 4,284 921 - 7,111
1997 1,748 218 4,498 921 7+385
1998 1,800 227 4,723 921 7,671
1999 1,855 238 5,109 921 8,123
2000 1,912 248 5,365 921 - 8,446
2001 2,080 259 5,633 921 8,893
2002 2,147 272 6,089 921 9,429
2003 2,216 284 6,941 1,365 10,806
2004 2,288 298 7,480 1,365 11,431
2005 2,418 312 8,055 1,365 © 12,151
2006 2,496 327 8,458 1,769 13,050
20607 2,575 341 9,103 1,769 "13,788. -
2008 2,766 356 10,024 1,769 14,915
2009 2,850 372 11,015 1,769 16,007
2010 2,938 388 11,566 1,769 16,661
2011 3,029 405 12,414 1,769 17,618"

8—10
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Part 3 - FEASIBILITY STUDY

Preliminary Desipgn

y'design
e major

" The preliminax
characteristics of th
as follows:

a. Receiving Well
Type
Dimension :
No.

.
H
>
.

b. Mixing Basin
Type
Dimension :
No.

¥
H

¥Flocculator
Type
Dimension :
No.

C.

d. Sedimentation
Type H
Dimension
No.

Sand Filter
Type
Dimension :
No.

Q.

f. Clear Water Re
Type
Dimension
No.

«
H

g. Sludge Lagoon
Type
Dimension :
No.

5
H

- Su Ngai Gol

was prepared for the proposed facilities. T
facilities of the treatment plant are summariz.

Circular :
Dia. 2.5 mx D 2.0m
1

Sguare
Li.5mxWl.5mxD1.5m
2

Mechanical flocculation
Wi.7mx L 12.0mx D 2.5 m

4

Basin :

Rectangular with Inclining Plate
W4.0mx L 25.0 mxD 4.0m

4

Rapid Sand Filter,
L2.5mxW4.0m
8

servoir
Rectangular
L30.0mx¥W22.0mxD5350m
1

Open Gut, Rectangular
L10.OmxW8.0mxD2.0m
2

h. Sludge Drying Bed

Type :
Dimension :

No. -

Concrete Bed, Rectangular
L35.0mxW15.0mxD 1.0m
pA



Financial Study

S5u Ngai Golok

Project Cost Bstimates

Total Project cost is estimated at 928,303 Baht, with s foréign ex-
change requirement of 538,063 Baht and local cost component of 390,240 Baht.
The breakdown of cost estimates by phase is as follows:

Fofeign Portion LQCQl Portion TOTAL
a. Construction Gost - 41,616 42,833 84,449
Phase 1 41,327 42,552 83,879
Phase 2 289 281 570

b. Engineering Cost : _ :
Design, 6% of (a) 3,663 ' 3,768 7,433
Phase 1 3,663 3,768 7,431
Phase 2 o 0 0
Supervision, 2% of (a) 1,832 1,833 3,715
" Phase T - 1,832 1,833 3,715
Phasge 2 0 : 0 0
TOTAL’ 47,111 48,484 95,595
Phase 1 46,822 48,203 . 95,025
289 : 281 570

Phase 2

Financing Plan

The following financing schemes were considered:

Alternative 1:

Alte:native-z.

Alternatiﬁe 3

: Altgrngtive 4

- Alternative 5

Total project cost financed from multilateral loan

Foreign cost portion financed from bilateral loan; local

cost from multilateral loan

‘Foreign cost portion financed from bilateral loan; local

cost equally financed from domestic loan and from PWA
equity

“70% of total prbject cost consisting all foreigncost.

and 20,190 million Baht of local cost financed from
bilateral loan; the remaining 28,294 million Baht of
local cost equally financed from domestic loan and from
PWA equity '

702 of total projeﬁt cost, consisting of all foreign
cogt and 20,190 million Baht financed from bilateral
loan; 28,294 million Baht of local cost from domestic
loan '

8—-13
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¢ lower Ffunding burden

Alternatives 3 and & are more desirable in view o ndds
‘ Alternative 3 due to

for PWA. However, Alternative 4 1is recommended over
lower fund requirements during construction stage.

Cash Flow Analysis

Inflows consist of gdveihﬁent capital contribution for interasﬁ‘paym?nt
of domestic loan, foreign and local loan based on Alternative 4‘f;nanc;ng
scheme, water sales, connection fees, service charges, and other income in-
cluding ‘revenues from sales of materials, collected fines and about 22 of
water sales. Water sales were projected using the current tar{ff gtruCture
until year 2020, Outflows consist of project expenditure, amortization based
on Alternative &4 financing scheme, O&¥, and connection expenses (502 of con-

nection fees).

The result of this cash flow statément reveals that the annual net cash
flow will not continuously raise profit surpluses throughout after 19%4. The-
cumulative deficit will be 32,822 thousand Baht in 2010 and 85,833 thousand
Balt in 2020, respectively.

Financial Internal Rate of Return (FIRBl

The project's internal rate of return on equity (IRROE), based on
Alternative & financing scheme, was assumed to represent the FIRR. . The. IRROE,
unlike the intsrnal rate of return on investment (IRROI), takes into account.
the debt payments that have to be made each year. Also considered in the
analysis was the salvage value of capital assets whiech was added to the bene-
fit flows., Results indicate that NPV is -77,663 and B.C. Ratio is 0.31 so
more soft loan or government subsidy are required to proceed the project,

ECONOMIC STUDY

The benefits were represented by the following: a) economic value of
water, assumed to be 20Z higher than the average rate per volume of water used
in the financial analysis; b) health benefits, expressed as the reduction in
cost of time lost and reduction in medical expenses (assuming 507 of water-
borne diseases are caused by poor water supply system); ¢) increase in land
values, assuming that land value increase for 7 years after construction of
the project and 52 of the. increase in land values is attributed to the avail-
ability of water supply system. Other expected benefits such as increased
employment opportunities,. intensified land use, increaed government tax reve-
nues were not quantified.

The econoimc costs were calculated based on financial costs adjusted
for the following: a) import duties and domestic tax assumed to be 107 and 5%,
respectively; b) shadow prices for foreign and leocal currency of 1.00 and 0.95
respectively, and for unskilled labor of 0.5.

The project was found to be economically viable, with an economic
internal rate of return (EIRR) of 11.63%7, which is greater than the 97 oppor-
tunity cost of capital.
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Su Ngal Gelok

Part 1  GENERAL

1. DESCRIPTION OF THE STODY AREA
1.1 Natur&l_ﬂonditioﬁs

1.1.1 General

‘The Municipaljty of Bu Ngai Golok is one of centers in Narathi-
wat Province, which is situdted on the southeastern coast in the southern
region of Thailand. It is a border town and enjoys commerce and tourism with
the Malaysian people,

Su Ngai Golok is located at longitude 101°58°’ east and latitude
6°02° north. about 1,520 km south of Bangkok and 64 km southwest of Narathi-
wat.

The PWA waterworks supply water to the whole municipal area,

1.1.2 Topography

_ Su Ngai Golok, the southernmost Municipality of Thailand is bound-
ed by the Golok River. -

The Golok River, originates from Malaysia in Mt. Batu Tamong,
flows into the Gulf of Thailand with an average annual discharge of 2,000 MCM
and floods the low-laying area every monsoon season. In 20 km west of Su Ngai
Golok, elevation exceeds 700 m and the land is generally too steep for agri-
culture purposes. Below these areas, the mountains form a series of subcatch-
menits with easterly flowing streams into the Golok River. :

Undulating middle terraces with isolated hills account for most of
the area west of Su Ngal Golok. Elevations range between 40 - 80 m and most of
this area is planted to rubber. The land below this, between 4 - & m, is flat
to moderately sloping lower terraces.

1.1.3 Geology

~ 5u Ngal Golok is situated on terrace deposits (Qt) consisting of
gravel, sand, silt, clay and lateritec soils. The terrace deposit forms
undulating middle terraces developed below the mountains. Alluvial deposits
(Qa) are formed in the low-lying area along small streams that flow into the
Golok River. The mountain area in the west of Su Ngai Golok is of granite and
granodiorite (Kgr) Recrystalline limestone is found on the west side of the
mountains. .

Details of geological feature are given in Table 1-1-1.
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Table 1-1-1 Geological Feature

Location

i Group | Feature 1 ;
| -1 i — : =

i Oa { Alluvial deposits; gravel, sand , silt | Scattere@ along swall stFeams 4
' i and clay; recent and old beach sand ! flowing into the Golok river !
! - ! : |
it ! Terrace deposit; Gravel sand, silt, clay and! Undulating middle Ferrace betwegn |
| ! lateritic soils | mountain and alluvial area along |
' | -1 streams i
! Rgr | granite any granodiorite, midium to coarse- {-——- - 3 i
i t grained, porphyritic, with various zeuoliths! Mountains in the west of Sungal |
i i : | Golok }
| e B - e i
! SDbt ! Recrystalline limestone to marble, quartizit} The western side of mountains in E
H i | .

phvliite, phyllitic-schist and mica schist the west of Sungai Golok

1.1.4 Meteorology

The annual rainfall in Su Ngai Golok averages 2,600 mm with
highly seasonal distribution. ~As much as 50Z of the ‘total rainfall occurs
during the period of the north-east monsoon from October to January. -During
this period, extensive flooding is common in the low-lying areas. Rainfall
during the dry season, from February to June, is wvariable and unreliable.

Average annual pan evaporation level is about 1,700 mm with little
menthly variation. Relative humidity is high, ranging from 861 in November to
7827 in April. The mean monthly tempérmture varies from 28.5°C in April to
26.1°C in January with a range of only 2.4°C. The extreme range is from 396°C
to 17.1°C. :

Details of meteorology are given in Table 1-1-2,



Su Ngal Golok

Table 1-1-2 Meteorological Data at Sungai Golok

Items Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov DPec Year

Temperature (C.degree)

Hean 26.1 6 28.5 28.4 28.0 27.6 27.5 27.3 27.0 26.2 25.8 27.2
Mean Max. 2.9 30.9 32.0 33.1 33.0 32.6 32.3 32.2 32.0 31.0 29.5 29.0 31.5
Mean Min. 22.2 22.4 22,8 23,5 23.9 23.5 23.2 23.2 23.1 23.2 23.1 2.9 23.1
Ext. Max. 33.6 35.1 36.6 36.4 39.0 36.7 36.2 36.5 36.4 36.0 315 32.6 39.0
Ext. Min. S 17.1 175 19.0 19.8 20.5 21.0 20.7 20.6 20.2 20.3 18.7 19.8 17.1
Relative Humidity (%)

Hean 80.8 79.0 8.4 7T7.7 79.2 79.0 79.8 79.9 80.5 83.2 86.4 85.6 80.8
Mean Max. 94.2 93.8 94.1 93.6 93.9 94.1 94.7 94.6 94.7 95.8 95.9 5.1 94.7
Mean Min. 68.7 66.8 64.8 63.5 64.5 63.9 64.9 64.6 65.0 69.9 5.5 5.5 67.3
Ext. Hin. ~49.0 47.0 40.0 50.0 41.0 37.0 39.0 43.0 42.0 46.0 53.0 5.0 37.0
Evaporation (mm.)

Mean - Pan 17,7 113.4 140.4 145.3 142.4 123.2 126.5 131.0 121.8 123.0 101.1 x -
Rainfall (mm.) |

Hean . 145.0 46.4 86.2 65.9 135.5 125.9 151.1 162.7 196.6 295.6 632.3 534.6 2577.8
Mean Rainy Days 4.1 8.2 6.6 7,2 .13.1 12.6 13.8 14.9 16.6 20,3 23.0 23.1 173.5
Greatest in 24 hr.  424.6 42.4 154.2 109.9 94.7 79.3 98.5 86.3 124.3 145.9 366.1 291.5 424.6
/73 23/79 30768 27/74 12/85 03/83 19/68 20/65 28/59 4/66  6/67

Day / Year 6/67 15/64 25/7

Source 3 I'ieteorélégical Department
Remark : Evaporation 1982-1985
: xx = The Instrument Failure
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1.2 Socioeconomic Conditions

1.2.1 Economic Conditions

o In 1986, the total employment in the area was 9,877 which accounts
for 32.6% of the population as in Table 1-2-1.

Pable 1-2-1 Population and Labor Force

(Unit : persons (%))

{ _ —
| Total population _ 30,350 (100.0)
P : —— :

| | Population over 10 years old . . 22,340 ( 73.6)
[0 _

| | | Labor force 11,858 ( 39.1)
b -

| | | Employed 6,877 ( 32.6)

| } | | Unemployed 1,981 ( 6.5)
|

| | | Non labor force 10,482 ( 34.5)
I |

| | | | Housewives 3,832 ( 12.6)
[ | | | students 3,583 ( 11.8)
I} | | Handicapped 591 ( 2.0}
|- 1 | | Volunteers ' 2,351 ( 7.7)
I 1 1 | oOthers ' 125 ( 0.4)
b

Population of 10 years old or less 8,010 { 26.4)

Source : DICP

In the primary sector, rubber plantations provide major job oppor-
tunities. : '

In the secondary sector, there are 20 manufacturing establishments
and 30 maintenance/repair shops and other service shops as shown in Table’
1-2-2, : -

In the tertisary sector, there are 840 commercial, business and
service establishments. In addition to shops for daily necessities, establish-
ments for service sectors account for a considerably large share as in Table
1-2-3. : S

Regarding economic activities in the area, the following features
should be noted.

(1) The unemployment ratio is high at 16.7Z. In addition, there seems to
be B considerable number of "under employed" such as motorcycle-taxi
drivers. Therefore, means to further boost its economy and employ-
ment should be pursued. :



(2)

. Table 1-2-2  Number of Factories by Industry Type

Su Ngai Golok

No. Industry of Type No. of Factories
1. Food and Beverage Product 6
2, Metallic Product 6
-3, Rubber Product 1
4, Cementing Equipment Product 2
5. Lumber 1
6. Furniture, Window & Door Frame Product 2
7. ‘Printing (Including Sarong Cloth) 3
8. Machinery Repair 21
9. Electricity Repair 4
10. Others . 4
50

Total

Source : DTCP

Table 1-2-3

Number of Some Major Business
Gffices in Municipal Area

Type of Business 1982 1983 1984 1985 1986

Grocery Shop 98 109 117 126 148

- Food Shop 82 85 89 93 105

Medical Shop 2 4 7 10 12

Cloth Shop 25 35 40 60 100

Dress Making Shop 13 20 26 32 41

- Beauty Shop 45 47 52 64 78

Bookseller Shop : 1 3 -5 6 8
‘Electric ‘Appliance

. Supply Shop 8 11 15 19 23

Hotel 17 23 32 48 56

- Vendor 64 69 75 78 80

Service Shop 31 45 58 65 77

Medical Clinic 2 4 6 8 10

Cinems ' 2 2 2 2 2

Others 20 25 25 30 100

Total 410 482 549 641 840

Sourcé : Five Year Plan of Su Ngai Golok Municipality

The most prominent economic acdtivity in the area is tourism such as

entertainment, restaurants and shops, as well as regional tours.

. external factors such as the
- economy of Malaysia, from which most tourists visit the area. The

development of tourist service facilities is also important.

-The number of tourists"

depends on
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At present, there are 57 hotels with the total of 2,063 rooms mostl
located at the central commercial district. In a couple of years,
new hotel with 220 rooms will be cpened at the east side of th
central commercial district. ' : . :

Currently a tourism development plan for Narathiwat Province is bein
prepared by TAT. ' : o

(3) For development of secondary industry, the following possibilitie
gshould be studied:

- Development of industries supporting local communities such as
food stuffs and construction.

« Development of local resource oriented industries such as wood-
working or rubber processing.

~ Development of tourism related industries such as handicrafts

1.2.2 Trensportation

Tn the Su Ngai Golok Municipality, two inter-city roads meet. One
is Route 4056 connecting the Municipality with Narathiwat and the other is
Route 4057 connecting Tak Bai and Waeng though the Municipality as shown in
Figure 1-3-1. :

Local roads are developed only in the central town. . The roads to
the river are mostly at dead ends there and roads connecting the dead énds
along the river are lacking. Outside the central area, the local road network
is not developed.

On the north of Route 4056 is the railway line connecting Thai-
land to Malaysia. The station on the north of the municipal center serves
passengers and cargoes, attached with yards for lumber, one of the major
products of the region.

The bridge over the Golok River serves frequent traffic between
the two countries. In addition, beat services across the river are important
means of daily transport of local people and commodities. : :

1.2.3 Education

Education system in Thailand ie divided into three ieﬁels: pri-
mary, secondary and tertiary. - : .

In recent years, pre-primary education, including kindergarten,
has become available to children of ages three to five. Children enter pri-
mary school when they are anywhere between six to eight years old, depending
largely on the locality. Secondary education ig divided. into lower and upper
divisions each consisting of three years such that, typically, those'lz-lh
years of age attend lower secondary while those 15-17 attend upper secondary.

The government plays a major role in all aspects of Thailand’s
education system. Government expenditure on education as a percentage of
total government expenditure varies from 182 to 21Z in recent eight years
The percentage of government expenditure on education in Thailand is amoné
highest compared to other developing countries.

1—-6
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_ In Su Ngai Golok, there are 17 schools. A detailed break dowm of
schools, including the number of students is shown in Table 1-2-4,

fable 1-2-4  School in Amphoe Su Ngal Golok

trade of School No. of No. of No. of
E Schools Students Teachers
Kindergarten 9 1,097 130
Primary School 5 1,748 : 95
Secondary School 3 1,709 105
College/University - - -

Total _ AT 4,554 330

1.2.4 Sanitation_(ﬂhter~borﬁe Diseases)

In developing countries, three people out of the five do not have
accees to clean drinking water. According to WHO, about 80% of sicknesses are
caused by unhygienic water and defective sewage treatment. Thus, the quality
of drinking water is closely related to human health.

To decrease the incidence of'wateruborne diseases is one of the
more significant purposes of a water supply project. The status of water-
borne diseases in relation to the number of patients is shown in Table 1-2-5.

Table 1-2-5 Water-Borne Diseases
' in Su Hgai Golok

" No. of Patients

Year -
: : Food
Year Diarrhea Dysentery Poisoning Typhoid Cholera Total

1985 534 - 70 32 38 1 ~ 675
1986 381 128 34 110 1 654

1987 294 130 98 - 205 2 729
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1.3 Land Use
1.3.1 Existing Land Use Pattern

Existing land use is shown in Figure 1-3-1.

The main features of
the pattern are as follow: : :

(1} Most commercial facilities including hotels and restaurants, and high
density residential areas are concentrated between Route 4056 (Asia
18 Road) and the Prachavivat Road. On the northern gide of the
station sre government facilities such as the Amphoe and Municipality
offices, the public hospital and the public park. o

{2} In the ufban aréa,'land ase is mixed such as residence, commerce,
business, small scale factories and workshops. BEven in the central
districts, vacant spaces are common behind bulldings along main

roads.

(3) There are private housing projects on the peripheries of the urban-
ized areas. :

(4) Southwestern areas are mostly forests including many rubber
' plantations where the local road network is not well developed. _

1.3.2 Land Value

In the Municipality, land prices are higher in the central commer- -
cial areas especially around the intersection of Route 4057 (Charernkhet Road)-
and the Prachavivat Road. Typical official land prices of these areas are
2,000 $/sg.m (3,200,000 B/rai) up to 6,250 P/sg.m (10,000,000 B/ral).

The farther from the center and main roads is an area, the lower
is the land price. In these areas, typical official land prices do not exceed
100 ¥/sg.m (160,000(/rai). .

Actual market prices of land are thought to be higher than the
official prices.

1.3.3 PFuture Land Use Pattern and Development Prospects

The future land use plan by DTCP expects urban and housing devel-
opment in the eastern half of the area as shown in Figure 1-3-2, The commer-
cial and high density residential areas will cover the existing urban center
and the expansion along Route 4057 (Charernkhet Road) to the south surrounded
by medium density residential areas. Low density residential aress will be
expanded covering almost the rest of the eastern half of the area including
presently rural areas. The area on the north of the railways will be mostly
developed as medium and low density residential areas.

In the western half, which will remain mostly as rural. and agri-
cultural areas, an industrial /fwarehouse ares is designated. ‘
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Su Npali Golok

-The local road network will also be developed to serve mainly the
newly urbanized areas including the one along the river.

_ There is no long~term development plan for the Municipality be-
sides the town plan. However, in order to realize the high growth expected in
the town plan, rapld economic growth is to be achieved taking full advantage
of the potential of the area. In addition to the local natural resources, the
locationh at the border of the two countrles is the most important resouvrce of
Su Ngai Golok, by which tourism, commercial and business activities are ex-
pected to be further promoted.

1—11






Su Ngal Golok

2. WATER SOURCE
2.1 Existing Water Use Pattern
2.1.1 General

; Main water sources for water supply are the Golok River and a
number of shallow wells and a few deep wells. A pump station is located 200 m
east of the Su Ngai Golok Waterworks which is constructed for the purpose of
supplying water to the Su Ngai Golok municipsl area. Most of the inhabitants
rely on a number of shallow wells or the combination of both the PWA water
supply system and shallow wells.

Ma jor constraints in water supply are the allowable intake quanti-
ty from the Golok River durling the dry season and contamination in shallow
wells.

2.1.2 Surface Water
(1) Golok River

The Golok River shown in Figure 2-1-1 originates in the highland
region southwest of Su Ngal Golok on an elevation of about 800 m and

- flows northeast. The river falls rapidly over a distance of 10 km to
an elevation of about 20 m. The river meanders northwards, and is
jointed by number of emall tributaries, of which the larger ones are
the Khlong Bala, Khlong Lo Chud, Khlong Niru, Khleng Waeng and Khlong
Ma Yae on the left bank, and 8. Todok on the right.

The catchment area at Su Ngai Golok is 774 sq.km. During floods, the
flows in the river increase dramatically and overflows into the flood
plains. Floods typically continue for one t6 two weeks and are limit-
ed to December to mid-January. During March to May, on the other
hand, the flows fall to the level which limit water usage for irriga-
tion and water supply.

According to the flow records*gaugéd by RID at Su Ngal Golok, the
annual average flow is 2,000 MCM, the highest flow reaches 576 MCM in
December but the lowest one falls to 1.85 MCM in April.

The quaiity of raw water tested during the field survey is presented
in Table 2-1-1,

. {2) Rainwater

Rainwater collection is one of the most traditional water supply in
the rural area throughout Thailand.

This device are rarely seen in the Municipality although it is a
source of good quality water.



FIGURE 2-1.1

' LOCATION OF WATER SOURCE
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Table 2-1-1  Raw Water Quality

Paramgter Existing New
Intake Point Intake Point

1. Phisical

Color 20 20
Turbldity 28 20

pH \ 6.52 7.54
Conductivity at 25°C 24 76

2. Chemical

TD5 ) Ky 49
Total Hardness 12 22
Temporary Hardness 10 22
Permanent Hardness 2 nil
Alkalinity (PP) nil nil
Alkalinity (M) 10 24

~Ca 2.4 7.2
Mg 1.4 1.0

- Chloride 5 5

Mn nil nil

Cu nil nil

Zn nil 0.06
504 : ' 2,0 2.0
Nitrite - 0.08 0.08
Nitrate nil - nil

F nil nil

As 0.0013 0.0011
Cd 0.002 0.0011
Cr o ¢0.0029 0.0029
Pb 0.0020 0.007¢

Note : Sampled on Augusr 23, 1988



Su Ngail Golok

2.1.3 Ground Water

(1)

(2)

Shallow Weil

The shallow well is commonly used ae the alternstive water source for
domestic purpose or supplementarily used for & PWA water supply
system. It is mostly hand-dug with a depth of 5 to 10 m and a diame-
ter of 1.0 to 2.0 m and constructed with concrete or brick lining.
In most of wells water is drawn by a bucket and rope, and the daily
usage is estimated to be less than 1 cu.m/d. '

The well used in such institutions as schools, hospitals, temples,
mosques and governmental offices are often equipped with an electric
motor pump and an elevated storage tank. They are usually construct-
ed with a concrete structure.

Most of the hotels and restaurants are also provided with bigger
concrete wells with depths over 20 m. :

The quality of well water is fairly unhygienic because of the contam-
ination caused by floods or wastewater intrusion. Turbidity is higher
as being near to the Golok River because river watex intrudes without
proper filtration. NH,-N or coliform contents are. often observed
around the center of the town. The quality is being improved as
being away from the river to the hilly area.

The water quality tested during the field survey is given in Table 2-
1.2, ' .

Deep Well

A few of the institutions have a tube well in addition to a hand-dug
well. Such wells have been constructed by government agencies as
DMR. However, any tube wells are not constructed by DMR in the study
area. : :

The small tube wells are typically constructed with a 100 or 125 mm
diameter PVC pipe and equipped with a hand pump. Those installed at
Peter Village have 100 mm diameters, 40 m depths and 8 cu.m/h yields
and equipped with electric-submersible pumps, a filter and elevated
tank,

Because of the high iron content of ground water, treatment by
aeration and settling or filtering is necessary especially for hospi-
tals. The high iron content discourages the inhabitants to use well
water.
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Table 2-1-2° Water Quality of Shallow Well
(Tested in August 1988)

Sampling " No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.l0
Point :

Type ‘Resi- Resi- Shop Resi- Rest. Hotel Tem- Fire Fac- Rest.
' dent dent dent ple St'n tory

Temp. 2¢.5 29.5 27,5 27.5 28.3 28.3 28.3 28.3 28.3 28.7

pH _ 6.3 5.8 4.8 5.1 4.7 5.5 6 5.7 5.2 7

Turb. 7.5 39 1.5 4 3.2 2.5 1 3 1 48

Cond. '

(x5x100) 24.5 7.8 16.8 20 18.5 18.5 12.5 14.5 20.5 6x500

NH,-N 0.4~ 0.4 Tr. 1.6- 0.4- Tr, 0.4~ D - ND 8.0
0.8 0.8 4 0.8 0.8 '

NO,-N 0.006 0.015 Tr. ND ND ND Tr. ND 0 0.15

, - ©=0,03 " -0.06 -0.03

Coli. D D D D D ND ND ND D )}

Pr. : Trace, ND : Not Detected, D : Detected

Figure 2-1-2 Location of Water Sampled
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Su Ngal Golok

Availability of Existing Water Source

2.2.1 Data Available for the Study

(1)

General

The data required for the hydrological studies are meteorological
data as rainfall and evaporation, and hydrological data. as water
level and discharge in the monthly base. MD and R1D is responsible
for collecting and processing the data on meteorology and hydrology,

respectively.

Rainfall data recorded at the émphde office is sent to the MD head-
quarter, Bangkok for data processing. :

All water level records are sent directly to the RID headquarter,
Bangkok for data processing. :

However, the Golok River has a catchment area in both Thailand and
Malaysia. Those data required for the study 1s quoted f£rom the
Golok River Basin Development Study prepared by the Australian
Development Assistance Bureau in association with the Ministry of
Agriculture and Cooperative.

(2} Monthly Rﬁinfall

Monthly rainfall dats are available at four gauging stations in'the
Thal side catchment area of the Golok River, but are not available in
the Malaysian side,

The rainfall stations are listed below and monthly rainfall data are
given in Tables Al-1-1 to Al-1-3 in Appendix A-1-1.



(3)

(4)

5u Ngal Golok

Table 2-2.1 List of Rainfall Station

Period of
Station - Loctation ‘Recvord Remarks
Waeng 05 55*33"N 1922 to 1928 Gauge was found leaking. New
101 53'12"E 1930 to 1939  gauge was installed in Oct.
' 1977 to 1983,
Present
Su Ngai 06 01'39"N 1968 to Poor exposure
Golok 101 58'08"EF Present
Su Ngai 06 05’00"N 1922 to 1928 Poor exposure
Padi 103 S53'00"E 1930 to 193
- 1671 to
Present

Climatological Data

The data describing climatology in Su Ngai Golok is only available at
Narathiwat. This station observes such climatological data as temper-
ature, atmospheric pressure, humidity, evaporation, sunshine hours
and wind. The data is given in Table Al-1-4 in Appendix A-1-1.

Hydrological Data

The hydrological stations, X-119, X-121 and X-151 in-stalled by RID
have water level and discharge data available in the Thal side, and

the station at Rantau Panjang installed by the Malaysian government

have also water level and discharge data available in the Malaysian
side,

The hydrological gauging stations are listed in Table 2-2-2 and those
data are given Tables A2-1-1 and A2-1-2 in Appendix A-2-1.



(5)

Su Ngai Golok

Table 2-2-2 List of Rainfall Station

Period of .

Station Location Record Remarks
Thailand : : o

X-119 06°04°09"N Dec. 1980 Bypassing during

{Su Ngai 102°02'09"E  to Present flood flows

Golok) .
X-121 05°55729"N  Nov. 1980

(Waeng) 101°53°11"E to Present

X-151 5958736"N 1984

(Waeng) 101°56'20"E  to Present
Malaysia*

Rantau 06°01°30"N 1962 Coricorder
Panjang  101°58*40"E  to 1974 recorder. 1924-77
(Su Ngai 1977 Data not processed

Golok) to Present Staff gauge

‘readings 1983-84
Bypassing during
flood flows

*+ Source : Golok River Basin Development Study
ydrogeological Data

Dﬂta available are only the hydrogeologlcal map prepared by DMR, the
Golok River Basin Development Study Report and the Bang Nara Irriga-
tion and Drainage Project Feasibility Study Report.

2.2.2 Availability of Existing Water Source

(1}

(a)

Discharge Data

Rantau Panjang

The rating curve was plotted on the log-log graph paper using a stage
of 3.5 m to linearize in the 1980~1983 curve., It can be seen from
the rating curve given in Figure A2-2-1 in Appendix A-2-2 that there
has been a substantial shift in the low flow section of the curve due
to assertion in the gauging reach. '

At high flows (above a stage of about 9.4 m) overspill commences
upstream of the pauging station, resulted that flood flows are under-
estimated. Therefore, although this rating curve is fajrly well
defined throughout the whole range of flows, there are problems due
to the shifting at low flows and bypassing at high flows.



(b)

{c)

(2)
(a}

{(b)

S8u Ngal Golok

X-119 (Mu No)

Prior to January 1984 when a gauging winch was installed, gauging,
which had been done by a boat and tag line due to poor station
location and fixing the section, is poor at low flows when there is
flow veversal about 20 wm from the left bank. At high flows by pess
considerably. A rating curve is given in Figure A2-2-2 in Appendix
A-2-2. :

Overall accuracy is poor with flood flows totally unrepresentative of
catchment discharge, and mean errors of about 15 are expected.

X-121 (Waeng)
Discharge are plotted on log-lopg scales glven in Figure A2-2-3 in

Appendix A-2-2. The low flow control is not very sensitive, and the
range of measured flows was only from 0.2% to 52 cu.m/h.

Most of the recent gaugings appear to be low compared with the previ-

oug values. The fitted curve was used to calculate the flood dis-
charge, but not for processing the daily data, the likely errors of
which are believed to be about 10 to 15%.

Availabiiity of Existing Water Source

" Low Flow Analysis

The Golok River Basin Development Study reported that low flow analy-
sls from the data processed during the study for 1981-1983 resulted
in 2.5 cq.mls for once in 10 years, 30 day low flow.

The results are shown ih Tables 2-2-3 and 2-2-4 and actual flows are
referred from Figure 2-2-1. ' '

Aﬁailability

Water demand in the target year of 2011 is estimated at 0.137 cu.m/s
including the intake loss. Therefore, the existing and newly proposed
water source have sufficient flows even in the return period of 1{10
ag showm in Figure 2-2-2 and Table 2-2-5.



Table 2.2~

3  Minimm Flow Analysis for the Golok River

at Rantau Panjang

(Unit : cu.m/g)

Minimum Discharge for Duration (Days) .

tu Ngﬁi Golok

Year 1 3 7 14 30
1963 3.73 3.84 3.95 4,18 4,75
1964 10,93 10,94 11.1 13.17 15.28
1965 5.15 5.69 6.65 7.3 10.28
1966 5.38 5.91 6.78 8.82 13.2
1967 10,56 11.0¢ 12.04 14.31 18.71
1668 1.75 1.8 1.93 1.9 2.23
1969 1.53 “1.56 1.59 1.5 1.87
1970 5.86 8.93 9.34 11.24 11.96
1971 4,94 5.09 5.43 6.01 6.44
1972 5.2 5.21 5.61 5.77 7.79
1973 7.72 774 7.88 8.6 12,3
1974 11.67 12.25 13.32 15.9 17.3
1975 - - - - -
1976 - - .- - -
1977 4. 47 h.47 4.73 - 4.88 5.05
1978 7.38 7.62 8.11 9.43 9.44
1979 6.24 6.33 6.41 6.51 7.12
1980 6.62 6.69 6.81 7.13 8.42
1981 3.42 3.52 3.66 4.3 5.05
1982 2.08 2.14 2.2% 2,24 3.06
1983 0.93 0.96° 1.01 . 1.09 1.33
Table 2-2-4 Frequency Analysis of Annusl Minimum Series
Flows for the Golok River at Rantau '
Panjang _
nit : cu.m/s)
Duration Minimum Flow for Return Period (Years)
Days 2 -5 10 20 30
i 4.7 2.6 1.9 1.5 1.1
3 4.8 2.7 2.0 1.5 1.1
7 5.1 2,8 2.1 1.6 1.2
14 5.8 2.9 2.} 1.6 1.2
30 6.7 3.5 2.5 1.9 1.4

Source : Golok River Basin Development Study
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2.3 Developability of Ground Water

2.3.1 Gyround Water Potential

(L)

(2)

(a)

(b)

Previous Studies

No detailed assessment of ground water in Su Ngai Golok has previdus-_
1y been made by PWA and DMR.
resource devel-

‘The Bang Nara
ood plain area.

The Golok River Basin Development Study covers water
opment throughout the Golok River catchment area,
Irrigation and Drainage Project (JIcA) studied the fl
north of $u Ngai Golok.

These reports describes potentiality of ground water adequate to
evaluate it in Su Ngai Golok.

Hydrogeology

The study area comprises two typical aquifers; granitic aquifer and
colluvial aquifer. Deep ground water in the colluvial aquifer are
confined (Refer to Figure 2-3-1). Deep ground water confined can be
drawn by tube wells, while shallow ground water unconfined can be

drawn by hand-dug wells.
Granitic Aquifer

Granite cannot constitute an aquifer in the fresh zone, but store
primarily deep ground water in the weathered zone, cracks and faults.

Granite is distributed over the southwest of Su Ngai Golok. Since the
diluvial aquifer is not a good aquifer, there may be a little possi-.
bility for drawing water from the weathered zone of the gramite layer
distributed beneath the colluvium.

Colluvial Aquifer
Characteristics

Shallow ground water having the water-level_betwéen 6L -1 to -8 m is
exclugively distributed in the study area. This ground water is
considered to be the rain water stored in cracks generated as the
result of drying and contracting. Most of shallow wells in this
aquifer are often dried up during the dry season, ' :



LEGEND

Ocl ; Colluvial Aquifers

gcp ; Alluvial Aquifers
(Chao Phraya)

Gr ; Granite Rquifers

Source ; DMR

MY 44130
A Pl

3814773

FIGURE 2-3-1

HYDROGEOLOGLCAL MAP
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Quality

~ Shallow Ground Water

ntaminated by household ‘yefuse and animal

Locally, it can be co GLus
) ffected by. the mineral

manure. Its chemical composition as pH are a
content of the surface clay layer.

Salinity is rarely detected and pH ranges from 3.2 to 7,0 reflect-
ing the acidic environment imparted the upper clay ‘layer.

- Deep Ground Water

Deep ground water generally contains iron, salinity  and some

chemical components.

The concentrations of iron from 0.lé;tp 8 mg/l, so water must be
treated by aeration and filtrationm prior to use for water supply.

Water Levels

- Shallow Ground Water

Static watér 1e€el”in éhallow wells ranges from 0.4 to 2.0 m below
the ground level. '

Throughout the year water levels fluctuate about 1 m and the water
level fluctuation is slightly irregular because of local effect.

.~ Deep Ground Water

Static water level in the deep well ranges from 0.2 m above to 5.8
m below the ground level. : ' ' :

The water level is generally flictuated less than 2.0 m.

2.3.2 Developability of Ground Water

(1)

(2)

Shallow Ground Water

Shallow ground water can be developed bylprivate-houSéholds for their
own use but can not be developed for public water supply because of
unreliable quantity in the dry season and contamination_thrdughout
the year.

Deep Ground Water
The potentiasl yield from the colluvial aquifer could be probably

developed from the alluvium adjoining the Golok River within 2 km
downstream of the Municipality.
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3. EXISTING WATER SUPPLY SYSTEM
3.1 Bxisting Water Supply System
3.1.1 General

The waterworks for the Municipality of Su Ngai Golok was founded
in 1964. The treatment plant had a capacity of 20 cu.m/h and took raw water
from the Golok River flowing along the borderline of Malaysia. In 1969, the
treatment capacity was expanded to 180 cu.m/h with the construction of the 160
cu.mfh ‘new treatment plant. The waterworks was placed under the control of
the PWA and under the jurisdiction of the PWA Regional Office 5 in Songkhla.

Recently, the waterworks purchased the site for the new intake
station 7 km upstream from the existing intake point because of deteriorating
quality of water in the Golok River.

3.1.2 Treatment

Though there are two treatment units with capacities of 20 cu.m/h
and 160 cu.m/h, respectively, the small and old plant has no longer been used
because of aging. FElements comprising the treatment plant are summarized in
Table 3-1-1. : : :

The raw water tsken from the Golok River is pumped through the 300
mm pipe and is fed into the 160 cu.m/h treatment unit. The treatment process
consists of chemical flocculation, sedimentation, rapid sand filtration and
chlorination. Clear water that is stored in the 1,500 cu.m clear water reser-
voir is pumped into the 250 cu.m elevated water tank and is distributed to the
service area. Backwash water for the rapid sand filters is obtained from a
pipeline connected to the elevated water tank.

Figure 3-1-1 provides the schematic layout of the treatment
plant. '



Table 3-1-1 Outline of Water Treatment.Facilities

5u Ngai Golok

Water Source

Treatment Capacity

Treatment Facilities

Raw Water Pump'

Rapid Mixing Basin
No. of Units
Dimensions
Mixing Time

Flocculation: Basin
No. of Units
Dimensions
Flocculation Time

Sedimentation Basin
No. of Units
Dimensions
Sedimentation Time

Rapid Sand Filter
No. of Units
Dimensions
Filtration Rate

Clear Water Reservoir
No. of Units
Capacity
Detention Time

Water Elevated Tank
No. of Units
Capacity
Detention Time

Clear Water Pump

the Golok River

160 cu.m/h.

150 cu.m/h x 15 m x 28.5 hp

x 1 unit enhgine-driven
295 cu.m/h x 19 m x 40 hp

x 1 unit motor-driven
317 cu.m/h x 19 m x 25 hp

x 1 unit motor-driven

2 units
0.97 mx 6.60mx 0,42 m

2.0 min,

2 units
3,00 mx 4.55mx 2.90m
29.7 min.

2 units :
3.00 mx 31.35mx 2.90m
3.4 hours

4 units
2,909 mx 3.85m
86.0 mfd

1 unit
1,500 cu.m
9.4 hours

1 unit
250 cu.m
1.6 hours

188 cu.m/h x 25 m x 40 hkp
x 1 unit motor-driven
213 cu.mfh x 25 m x 40 hp
¥ ! unit motor-driven
167 cu.mfh x 25 m x 18 hp
x 1 unit engine-driven
292 cu,m/h x 30 m x 75 hp
¥ 1 unit motor-driven
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3.1.3 Distribution System

(1) Description of Existing Distribution System

The distribution system of th
center of the Municipallty as 8

The schematic plan of the network is shown in Figure

Su Ngal Golok

e Su Ngal Golok Waterworks covers the
hown in Figure 3-1-2. ' .

3-1-3.

Breakdown of the pipeline is tabulated in Table 3-1-2,

Table 3-1-2 Distribution Pipe

Approximate

Dia. Length Material
(mm) {m)

250 1,720 AC
200 1,240 AC
150 5,260 AG
100 10,830 AC
Total 19,050

Water is pﬁmped up to the elevated tank and thed delivered to the
services area by gravity. Pumps are turned on and off manually.
There are operators who observe the water level of the elevated tank.

The number of connections arve as follows:

Table 3-1-3  Number of Connections

Year No. of Connections
1980 1,531

1981 1,595
1982 1,712

1983 1,926

1984 2,072

1985 2,253
1986 2,366

1987 . 2,550

Although all of the house comnections are metered, some meters seem
defective or to have measurement errors. 4 .

Another defect ls that most of the meters cannot detect small flows

of less than 5 l/hr. Therefore, some consumers c
Figure 3-1-2 & collect water in pots
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Su Ngai Golok

~or jars just by choking their faucets to the stated level.

The defects of the meters as described above will be reflected when
considering the unaccounted-for water,

(2) Distribution Network Analyéis
{a) Method of Aﬁalysis

A compuiter model was used to analyze the existing distribution system
and to prepare an improvement plan as required. The model uses a
stendard Hardy-Cross network technique where head losses are calcu-
lated using the Hazen-Williams equation. An interactive process is
used in- the model to balance the hydraulic grade line at each pipe
junctions in the network, with adjustments made in the hydraulic
grade line to satisfy the continuity equation at each junction. The
model can accommodate a large number of pipes and multiple sources,
~rveservoirs and pump stations.

(b) Hazen-Williams Discharge Coefficients ("C" values)

Estimates of the Hazen-Williams discharge coefficients for existing
pipelines are made based the age of pipes which was obtained from the
Su Ngai Golok Waterwork during the field survey. Although the G value
for asbestos cement pipes usually remains at 110 or close to its
original level, newly installed pipes in the past 2 to 3 years use a
C value of 110, and a C value of 100 is adopted for other remanning

pipes.
(¢} Demand distribution

Based on the water sales records, a demand distribution at each node
was prepared. It was assumed for the purpose of initial analysis
that the existing treatment plant can supply enough treated water to
meet the daily and hourly maximum water demands.

(d) Evaluation of the Existing distribution system

Using the duta described above, a simulation was made to the existing
system by the computer model described earlier. - This simulation
shows that & pressure of about 25m in water column is required at the
existing treatment plant. The results indicating pressure contour
lines are shown in Figure 3-1-4. The computer output of distribution
network analysis are presented in the separate volume.

Figure 3.1-4 indicates a low pressure area where the pressure is
less than 10kg/sq.cm., and such an area covers about two third of the
existing service area.

The results of the pressure measurement in the distribution system
described in Appendix A-3-1 also confirm such an low pressure area
and identified by the waterworks official.
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Tmmediate Improvement Plan

- To solve a low pressure area described in Section 3.1.3, some of the

existing pipelines are recommended to be replaced.

Figure 3-1-5 indicates the réplacement of pipes and the results of
"distribution system analysis to cope with the hourly maximum flows

with sufficient service pressure except for the high ground elevation
area, are presented in the seaparate volume,.

Breakdown of the replacement of the pipes are tabulated in Table 5-2-
1.

Table 3-1-4 Distribution Pipelines for

Repacement
Node No. Dia. (mm) Length
From To Existing Improvement
4 19 1100 150 108
38 39 ' 100 200 53
39 40 100 150 20
64 . 66 100 : 150 108




Su Ngal Galok

3,2 Operation and Maintenance

The operational status for the past one year, from October 1986 to
September 1987, 1s shown in Table 3-2-1. ' :

The monthly water production, before deducting the amount of
clear water used in the production system, averages 166.8 cu.m/h with a
maximum of 188.0-cu.m/h and a minimum of 147.1 ct.mfh, The maxlmum exceads
the treatment capacity of 160 cu.m/h by 17.5%. ' : :

The treatment loss is 4.7 percent which is at reasonabié level.
There are a few reversal in figures between the water distribution and sales
data such as in 1986, and May and August 1987,

The. average monthly alum dosage rates are within a narrow range of
8.8 mg/l and 19.1 mg/l, while the optimum alum dosage rate is between 10 mg/l
and 15 mg/l according to the results of the jar test. If there is no signifi-
cant change in water quality between the last year and this year, the present
dosage rate is at the proper level. ' _ :

Lime addition for pH control is done throughout the year and the
dosage rate is in the range of 0.2 mg/l and 0.9 mgfl.

The cleaning of sedimentation basins is conducted periodically, or

every three months, while the backwash of the rapid sand filters is done once
daily. Mud balls and uneven surfaces are found in all the filters.

3—10
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Su Ngai Golok

3.3 Existing ImprovementlExﬁnﬁsinn Plan
3.3.1 Improvement/Expansion Plnﬁ for Treatment Plant
A detailed design was prepared for the improvement of the existing
sedimentation basin and the sand filters at the Su Ngai Golok Waterworks in
order to increase its treatment capacity from 160 cum/h to 240 cu.m/h,
The improvement works include the foliowingz
(1) Sedimentation Basin
a) Removal of existing iﬁlet’drop pipes and baffle walls;
b) Provision of flocculation channels {(for hydfauliéIEIOCCulation);

c) Provision of perforated baffle walls at the end of flocculation
channel and after the 180 degree bend;

d) Provision of invert concrete at the bottom to make the bottom
hoppers' slope steeper; : : : _

g) Provision of connection hples between the two basins;
f) Provision of a flow rate measuring Dboard;$and
g) Provision of outlet troughs.

Out of the seven components, items b) and e) should be carefully
considered and studied,. The item b) work is to enable efficient

flocculation prior to the sedimentation process. The flocculation
will be made while water flows through the round-the-end type baffle

walls. . '

The efficlency of the flocculation is evaluatéd.by calculating the
velocity gradient (G} for the flocculator from the equation developed
by Camp and Stein as shown below: '

6 = (Q gh/p) /2 = ( ghyur)ii2
Where,

G = velocity gradient (s'l)
= density of water (kg/cu.m)
= head loss (m) :
= dynamic viscosity (kg/m.s)
= detention time Q/V (s)
flow rate (cu m/s)
= power Q gh (watts, kg.mzls3)
= volume of unit (cu.m) :
= gravitational constant (9.81 m/s?

S oo rE
#

The most effective range of G and Gt values is recommended as below:



Su Ngai Golol

_ Velocity
Type Gradient GT
: G (s1)

Turbidity or color removal _
{(w/o solids recirculation) 20-100 20,000-150,000
Tufbidity or color removal

‘(w/ solids recirculation) 75-175 125,000-200,000
_Softeners {solids contact

reactors) 130-200 200,000-250,000

Source : Smethurst, G., (1979) Basic Water Treatment for Applica-
tion Worldwide, Thomas Telford Ltd., London

From the design drawings, G and Gt values are calculated as below:

L]

‘Design flow rate : Q 240 cu.m/h (for 2 lines)
120 cu.m/h (for each basin)

0.0333 cu.m/s

[}

4

Head less at the baffle

d

foccomus |3 -1 2 3
——— B |i
. Baffle | - - [ Wall - B 0.031 0.051 ©£.102
R |3 No(n) 9 Q 9
H=2,3m |i A(=BH) 0.071 0.117 0.235
: i h 0.450 0.165 0.041

h=3H=0.656m
h = k (v2/2g) x n
k = 2.5

- Volume of_unit_

(L) 8.8 x {(w) 3.0 x (D) 2.3 - (baffle volume 6.6 cu.m)
= 54.1 cu.m '

v

VIQ = 54.1/0.0444 = 1,219 sec
Assuming Temperature : 25 C°
= 997.1 (kgfcu.m)

0.0089 (kg/m.s)

= - 1)z -1
G = (997.1 x 9.81 x 0.656/0.0089 x 1219) = 24.3 (sec-l)
Gt = 29,600

These figures fall into the desirable range.

For the item e) in the improvement works, it should be determined
whether one basin should be emptied and cleaned up since provisien of
open holee in the partition wall will make it impossible to empty one
basin.

3-—-13
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(2) Sand Filter

a) Provision of surface wash pipe
b) Modification of underdraln system
¢) Modification of backwash system

These modifications are to improve .the efficiency of the sand filters
and to double thelr filtration capacity.

_These three worke are to improve the purpose for which the plants
were designed.

3.3.2 General Concept of FWA for Improvement/Expansion for Water Treatment
Plant . :

PWA’s general concept for the improvement and expansion of the water
treatment plant is based on the recommendations of the UNDP experts,
which are summarized in the article "Improving Water Supply in Thai-
land" by Messers. Sawasdi Orvichian, Prasert Chuaphanich, and Susumu
Kawgmura, Journal of AWWA, Msnagement and Operations, June, 1988.

The concept for improvement and expansion was established to increase
the treatment capacity without the addition of new basins and fil-
ters. The modification for improvement consists of three phases as
listed below:

Stage 1 - Correct existing deficiencies and implemént those modifi-
cations needing immediate action.

Stage 2 - Expand plant capacity at the earliest possible time.
Stage 3 - Modernize plants and improve safety.

These stages were sepavated in accordance with the urgency of the
measures to be taken, and the cost-effectiveness of the investment,

At present, PWA is implemeriting the improvement and modification.
program for the various waterworks systems and is applying the tech-
nology recommended for Stage 1. The facilities and measures for
improvement are summarized below: : - '

3—14



(1)

(2)

(33}

(4)

Su Ngal Golok

Coagulation System (¥lush Mixing)

Coagulation and flocculation are the most important processes in the
treatment system. As most of the existing plants have no proper
coagulation and flocculation systems, the sedimentation tank does not
work well so that a lot of micro floc are carried over to the sand
filter, The proposed improvement is the provision of an in-line
static mixer in the vaw water main to achieve the proper magnitude of
mixing of coagulant.

Flocculation System

Flocculation is a process that is lacking in most of the plants. The
recommended flocculation process consists of round-the-end, and flow-
type baffled channels {(hydraulic flocculation). A mechanical floccu-
lation is not considered here because of the unavailability of spare
parts and technical manpower to maintain the system.

Filtration Process

Filters require a wide range of modification. The existing under-

:drains, gravel beds, filter beds, wash troughs, backwash system and .

piping should be replaced and improved/modified. To be newly in-
stalled is a surface wash system. These modifications may increase
the system's treatment capacities by 1007Z. Dual media filtration is
not considered because of the high cost of anthracite.

Sedimentation process

Recognized as the wost serious problem in operation is sludge remov-
al. However, sludge withdrawal can be efficiently done by manual
cleaning. Therefore, no major modification is considered. Baffled
walls are recommended to be installed at the inlet and at the in-

. termediate point to prevent a short circuit of flow. For overflow

troughs, the installation of additional troughs is recommended to
decrease weir load and to decrease the carry-over of micro floc.
Although the recommendations stated above are the basis of the im-
provement fexpansion works, the modification works for the existing
water treatment plant are similarly designed.

Stage 2, Expansion of the plant capacity will follow the modificaticn
works. After modification works are made, the plant will be expected
to have larger treatment capacity or twice the original design rate.
Therefore, the amount produced will be able to cope with the in-
cressed water demand.

Stage 3, Modernization consists of the preparation of proper instru-
mentation and safety provisions. This stage is recognized as the
final step of modification; therefore actual implementation will not
be made until after Steps 1 and 2 are completed, There are also
budgetary constraints in the implementation of the improvement [expan-
sion program.

315



3.4

(1)

(2)

(3)

(4)

(5)

Su Ngai Golok

Existing Constraints

During an intensive field survey, the following constraints on the
existing water supply system are: reported ‘

Water Source

The Golok River is poliuted by wastewater in Su Ngai Golok.

- Shallow wells are often contaminated by flood or wastowatefo
- Deep well water contains iron and sulfide.

Intake and Raw Water Tfansmission Pipe

- Located just downstream of the wastewater outlet.

- Frequently flooded, | | |

Treatment

- Treatment can net meet the amount of intake in short time, - so
is frequently overlooked in operation. :

_ Mud balls are found in filters,

Distribution

- Pipeline does not form efficient network, and has dead ends
some lines. :

Qperation and Maintenance

it

in

~ Intake operation was not necessarily made to meet the - treatment

capacity.

3—16
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3.5 Organization

3.5.1 Organization of Regional Office

. The regional offices of PWA directly supervise the urban water-
works and aseigt the rural waterworks in technical aspects.

The Su Ngai Golok Waterworks is supervised by the Regional Office
V in Songkhla which covers 15 waterworks in this region, Filgure 3-5-1 shows
the organization chart of the Regional Office V. The function of each section
is described as follows: '
(1) Persoﬁnel & Clerical Section

This section 1s responsible for personnel administraticon of the
waterworks, including the training of waterworks personnel.

(2) Finance & Acéoﬁnting Section

A charge of finance and accounts of the waterworks including borrow-
ing and depositing at their bank accounts.

(3) Procurement and Stores Section

This section takes charge of procuring and stdring materials and
supplies necessary for operating water supply facilities of the
waterworks, :

(4) Maintenance Section

This section gives guidance and instruction on the conduct of the
operation and maintenance of the waterworks facilities.

(5) Technical Service Section

A preliminary survey of projected waterworks schemes for both urban
and rural waterworks is provided by this section,

(6) Water Quality Control Section

This section is responsible. for conducting the water quality analyses
of both raw and treated water.

(7) Sur#ey Section
This section is resﬁonsible for providing the Head 0ffice with infor-
mation concerning rural waterworks and planning new water supply
projects. '

(8) Price Estimation Section
This is responsible for estimating the expansion/ rehabilitation cost

of water supply systems for both urban and rural waterworks and for
preparing documents, drawings and others for bidding.

3-—-17
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Su Npai Golok

(9) Gonstruction Supervision Section

This is responsible for supervising the construction and

expansion/rehabilitation works of watexr supply facilities.
3.5.2 Organization of Waterworks

The organization of the Su Ng&l Golok Waterworks consists of

three sectlons Sniamely, the production, services, and administration sections.
The organization chart showing the number of employees is shown in Figure
'3-5-2, and the function of each section is described as follows:

(1) Water Production Section

This sectlon is responsible for operation and maintenance of water
production facilities. :

(2) Service Section

Services of setting and repairing house-connections are provided by
this section.

{3} Administration Section
This section takes charge of meter reading and bill- collection,
book-keeping of customers accounts, financing, record-keeping of

waterworks income and expenditure, and other administrative works and
meters.
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Su Ngai Golok

3.6 - Financial Status
S.Gll Fresent System
As of 1987, Su Ngal Golok Waterworks has 2,550 connections.
During the same year, water production was 1,266,207 cu.m while water sale was
1,461,269 cu.m/d.
PWA has three major sources of tariff revenue: namely water

gsales, service charges and connection fees, the deatails of which are de-
gcribed in Section 17.1.

3.6.2 Revenue and Expenditure
The annual revenue and expenditure of the waterworks in the last
three years are shown below:
Table 3-6-1  Revenue and Expenditure

(Unit : 1,000 B)

Year Revenue Expenditure Profit(Loss)
1985 7,139 2,726 4,413
1986 9,241 2,502 6,739
1987 10,02¢ 2,778 7,251

_ The accounting system of the PWA provides that all the revenues of
the waterworks are transferred to the PWA Head Office. ALl the expenses are
also allocated by PWA Head Office. However, as shown in Table 3-6-3, such
accounts as capital investment, debt service and depreciation and amortization
are not included in the waterworks® financial system.

To identify and quantify the financial status of waterworks, one
of the financial ratios (revenue/expenditure) is computed as shown below:

Table 3-6-2 Ratio of Revenue and Expenditure

Office . 1985 1986 1987
PWA Head Office 1.45 1.72 1.76
Su Ngai Golok

Waterworks 2.62 3.69 3.6l

When the this ratio is egual to or greater than 1.0, the water
system’s financial status is considered to be in good conditjon.



Su Ngéi Golok

As shown above, the waterworks earned a net profit.on its annual

operations. Also, the ratio is greater than average rate of PWA all water-

works.

A -breakdown of the revenue and expenditure is shown in Table 3.6-3,



Table 3-6-3 Revenue and Expenditure of Su Ngai Golok Waterworks

(Unit : Baht)

Description 1985 1986 1987

Water Production cu.m 1,527,501 1,374, 478 1,461,269

Water Sales R 1,081,835 1,158, 101 1, 266, 207

No. of Connections 2,253 2,366 2, 050
_Revenue

Water Sales 6,101,536.80 8. 348, 456. M 9,157,830.25

Service Charge 337, 185,00 355, 465.00 372,900.400

Connection fee
Other Revenue

663, 561.00
36, 478, 64

Total Revehue ()

1,138, 761.44

9,241,120.72

513, 557.00

23,642.11

475, 400. 00
22,471.99

10, 028, 602. 24

_Expendi ture
Salaries 1,24%,800.00 1,303,290.00 1,438, 440.00
Remuneration 206,829.79 197,801.94 230,974.28
Chemical 136. 524,90 130,342, 10 163,533.50
Naterial & Maintenance 195,534.89 89, 343. 40 108, 491.25
01l & Fuel 38,244.10 29,168.30 24,102.65
‘0ffice Supplies 14, 198.57 20,227.48 18, 340,87
Hired Service 12,668.90 28,561.00 35,385. 10
Other Operating Bxpense 11, 117.00 0, 596,00 16, 928.00
Public Utilities. 6,413.50 17,308.75 8,415.00
Blectricity 682, 778.24 516,228.37 625, 203.84
Connection Cost . 168,826.75 160,370, 51 104, 946.00
Material Sold 3,186.00 2,460.00 3,.148.00

Tétal‘ﬁxpenditure (®)

2,726,122.64 2,501,697.85 2,777,908.49

4,412,638.80 6,739, 422.87 7,250.693.75

_Profit.(Loss)
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