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PREFACE

In reSponee to the'reqneet'of the Gevernment of the Kingdom of Thailand,
:the Japanese Government has de01ded to conduct Development Plan and
Feaszblllty Study on Prov1nc1al Water Supply Pro;eets and entrusted the
"Study to the Japan Internatlonal Cooperatlon Aqency {(JICA). JICA sent to
Ithe Thalland a study team headed by Mr. Osamu Wakamoto, Nihon Suido
Consultants Co..Ltd from’ December 1985 to December 1986

_The'team'had diseneeiens with the'officials'concerhed of the Government'of
" the Thalland and conducted a fleld survey in the Study ‘Areas and Banqkok
' After the team returned to Japan, further studies were made . and the present

report has been prepared.

X hope that thlS report w111 serve for the development of the Pro;ect
and contrlbute to the promotlon of frlendly relations between our two
m,countrles. I w1sh to express ny deep apprec1at10n to the officials
concerned of the bovernment ‘of the Thailand for their close cooperat;on

exte_nded to the team_.

March 1987

’/,/,',;”,54‘ ﬁ[/ef'

Keisuke ARITA
President

Japan International Cooperation Agency
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a1
. EXECUTIVE SUMMARY

"A.  Introduction

iThls report summarlzes the results of & comprehen51ve naster plan and
. 'fea31b111ty study conducted by a study. team of the Japan Internatlonal
Cooperatlon Agency (JICA), which are preeented in thlS volume ef the Report
,entltled “DEVELOPMENT PLAN AND FEASIBILITY STUDY ON PROVINCIAL WATER. SUPPLY
PROJE_CTS_ IN THE KINGDOM OF THAILAND, PATTAYA";

:The etudy area cevefs'Patteya-City “Nong Preo Sanltary Dlstrlct, and Ban
iRong Po 1ocated approxlmately 150 km southeast of Bangkos. Pattaya is one
'of the premler beach resorts in Southeast A81a where more than 700 000

'tourlsts visit a year.

.The comblned populatlon of Pattaya Clty, Nong Preo Sanltary Dlstrlct and "
7Ban Rong Po 1s pro;ected to 1ncrease from 58, 740 in 1985 to 114 010 by
2010, the target year of the:current prOJect,

The”curfeht'project-purports expanSion of the capacity of'productieu—'
dlstrlbutlon fa0111tles to meet Surh rapld 1ncrease in water demand, as

:'well as to 1mprove the serV1ce ratio from 34 % at ‘present to 76 % in 2010,

'IuIview'of'the:uhcertéinties'in]the futute develcpment'of the study area as
well:as of the interneliadministfativé'reasons of PWA, project implementa-
'tien'ié planned to be dividea'into_tWD stages} i.e., Stage I up to the year

,2900,and=Stage:II th:ough'2010.

The'ekistingffacilities'ere SUffering from deterioration, which is reducing
operatlon eff1c1ency and 1ncrea51ng the unaccounted for ratio. To cope
w1th thlS 31tuat10n, the Development Plan proposes ah improvement program

to rehabllltate the-ex1st1ng-system, together with modlflcatlon works to

' _1ncrease the produetlon supply capacxty of the exlstlng facilities. These

1mmed1ate actlons are requlred to be carried out prior to the Stage I

'expan31on program, or as part of 1ts 1n1tlal phase.
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B. Strategies to the Targets

Water consumption in thé study area is projeoted to grow moie than two _
tines as large as the present level from 13,810 cu m/day in 1985 to- 31 /890
cu m/day in 2000, and further to 40,640 cu m/day:ln 2010, reflecting the |
1ncrea81ng numbers. of both tourists and domestic populatlon. Domestac.
water consumptlon will 1ncrease with growth in populatlon and per -capita
consumptlon {(from 148 lped in 1985 to 210 lped in ?OOO) Tourlst water
consumptlon will 1ncrease with increases in the number of tourlsts, though
per tourist water consumptlon is expected to stay almost_unchanged . Public
and commercial water consumbtion:is projected to incféase proportionally to

the growth of domestic and tourism water consumption.’
Strategic plans are illustrated in Fig-ES.1, and the estimated costs for =

implementing them are summariged in Table-ES.1.

Table~ES.1 ' TOTAL COST FOR MASTER PLAN _
B Dnit:1,000 Baht

Stage I . ‘stage 1T Total

Rehabili. ~ Sub~ . (2000-2010)  Stages
Ttem . ' and  Expansion Total ‘Expansion Y and IIL
Modifi.
Land and Facilities 25,700 250,700 276,400 - 117,500 1~393;9Qo-
Engineering Service 2,800 27,600 30,400 - 13,600 - - 44,000
Administration Cost 300 2,800 3,100 1,300 4,400
Physical Contingencies = 2,000 - 19,700 21,700 - 9,300 "_ 31,000
Price Contingencies . 3,600 = 45,600 49,200 74,400 < 123,600

Total . 32,400 346,400 380,800 @ 216,100 596,900
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C. Proposed Water Sﬁpply, 1987-2000

The proposed water supply system for Stage I will. cover ‘the service area
shown in Fig-ES.2. The rehabllltatlon and modlflcatlon w0rks w111 provmde
_ needed 1mprovement of exlstlng facllatles. “The Stage I ExpanSLOn is -
dLSlgn8d to meet pro;ected max1mum day . demand of 48, 900 ol m/d. to serve
59, 800 people by 2000, and to expand the service area to 2, 700 ha. Addi-—
tlonal 78 km dlstrlbutlon plpellnes will be 1nsta11ed, w1th approx1mately

5, 150 serV1ce connectlons.

The future water supply system endowed Wlth enough ca9301ty to meet’ future-
: water demand w1ll need steady raw water eourCES._ It should however be
noted that the capaclty'of the Mab Prachan Reserv01r, the exxstlng water L
-source of the Pattaya Na. Kiua Treatment Plant, -will not be'sufflce o' meet-'
future raw water requlrements. Study of all: avallable data and reports as 
: well as site 1nvestlgatlons by the Study Teem on a number of alternatlve '
‘.water sources have concluded thdt the Nong Kho ReSDrv01r water through Laem; i
.Chabang Rece1v1ng Well which is under detalled des;gn work as a part of _
Neng Kho"Laem Chabang Plpellne Pr03ect should be the best and flnal selee“
tion from both technical and flnanc1al v1ewp01nts._ ln addltlon, construc"
tion of a new Thung Sukla Treatment Plant near the receiving well 1s
proposed, instead of expandlng the ex1st1ng treatment plant. _Implementa~

tion is proposed to‘prdceed as Fig-ES.3.

The proposed pro;ect and its costs are summarlzed in Table ES 2 he
estimated capltal 1nvestment cost of the pro;ect totallng 380 800 thousand
Baht at current prices allow1ng for prlce 1nereases of ‘3. 3 percent per -
annum is realistic, based an prellmlnary de51qns plue an allowance of 7%

for physical cont1ngenc1es.'
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IMPLEMENTATTION SCHEDULE
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Table-ES,2 ESTIMATED PROJECT COSTS FOR STAGE 1 IMPLEMENTATICN
' (x 1,000 Baht)

A. Rehabilitation and Modification _ 25,700

Land Acquisition o o -

Intake and Raw.Water Transmission Pipeline 600
Pattaya-Na Klua Treatment Plant = ' 4,950 .
Distribution Facilities 20,150
B, Expansion - ' N 250,700
Land Acquisitioh o - 2,100
Intake and Raw Water Transmission Pipeline 2,500
Thung Sukla Treatment Plant 52,900
. Clear Water Transmission Pipeline = = . - 80,500
‘Distribution Facilities - 112,700
" c. Engineering Services ' 30,400
D. Administration Cost 3,100
'E. Physical Contingencies 21,700
F. Price Contingencies ‘ 49,200
| Total : ' 380,800

The tentative financing plan, summarized in Table-ES.3, assumes loans from
foreign financial institutions such as OECF totaling 304,700 thousand Baht,
or 80 % of capital expenditure, and local loans totaiing 76;200 thOpsahd
Baht, or 20 % of capital expenditure. The total fund reQuireﬁent'through
the project period is projected to amcunt to 689 200 thousand Baht, on a
cash flow basis, of which 44.7 % will be covered by internal’ cash genera"
‘tion and .the 1est{55 3 %) will be financed with forelgn and local loans,

and with no internal flnanc1al help of PWA.
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Table-ES.3 TENTATIVE FINANCING PLAN FOR STAGE I IMPLEMENTATION
' ' {PATTAYA] x 1,000 Baht

Item ' Before % of
_ _ Depreciation Total
1. Sources of Funds

Internal Cash Generation 308,300 44,7%

Outside Sources:

-~ Foreign Financial Institution

_ 304,700 . 44,2%
- Local Financial Tnstitution 76,200 11.1%
Total o 689,200 100,0%
2. Applicétidn of Funds
' Capital Expenditure ' 380, 800 - 55.3%
Debf Service 308, 300 44,.7%
Depreciation

" Total ' 689,200 100.0%

Thése_finéncial conﬂitioﬁ, together with the Financial Internal Rate of
Retufn of 5.56 % and the Economic Internal Rate of Return of 11.4 %, demon-
stxate financial and economic justification of the'pfoject,.ih view of the
terms of finance applicable to the project and the prevailing cost’ of

capital in Thailand.



Several key_actions*are_necessary:if the project is to succeed.

1.

PWA should.made necessary arrangements with vaernment:ageﬁcies'con—
cerned for the’éntitlement of PWa's use of Nong Kho Reservoir watex,
1nclu31ve of . arrangement for approPrlate raw water charges for the PWA

use of the water.

Finanéing for pxojeuuzimplementatiun must be Confirmgd. -This cunf
firmation includes the checking of a pOSSihilit§ oqubtaininq Govern-
ment subsidies for project capltal 1nvestment whiCh is now being
suspended temporarlly for Government budgetary reasons. Such SUbSidy_

will reduce the capital cost of the pro:ect

Changes in structure of PWAFS water tarlff as recémmended:in thesﬁain
Report,'are needed, together with periodic 1ncreases in tarlffs (to

cover the effects of prlce escalutlon).
PWA should secure the land proposed as a site’ foxr the new treatment
plant and’ dlstrlbutlon pump station which are located  in Ban Thung

Sukla and Ban Rong Po respectlvely.

A leakage survey team should be formed in the waterworks to pursue a

program of reducing water leakage in accordance with the Framework .

prepared by JICA Team.

The project is technically feasible and'providés the leasf cost, sdlutioﬁ

for providing water supply as needed in the progect area through the year -

2000,

The prOJQCt 1s also 51gn1f1cant to 1mpr0ve the ex1st1ng fac1llt1es

which are deteriorating, Implementation of. the prOJect will 51gn1flcantly

improve the water supply and other env1ronmenta1 51tuatlon and health of

the people in Pattaya.



‘COMPILATION OF THE REPORT

The Development Plan and Feasibility Study of the Provincial Water Supply

Projects cover four areas; Chiangmai, Ubon and Warin, Suphanburi, and

:PatﬁaYa.' The . study report on the Development Plan and Feasibility Study is

composed of.the f

Volume
Volume:
| Volife.
Volume
Volume
' Voluﬁé
volume
‘ﬁoldme

_Voluﬁe

ocllowing nine volumes,

I. ' Summary
I1-a Main Report for Chiangmai
11-B. Appendiées for Chiangmai

ITI-A Main Report for Ubon aﬁd_Wafin

III-B Appendices for Ubon and Warin

IV-A Main Report for Sﬁbhanbﬁri
IV-B - Appendices for Suphanburi

V-A Main Report for Pattaya

V-B ° Appendices for Pattaya

This'report (Volume V-A) represents a main report félatihg to Pattaya, and

congists of the f

ollowing four parts;

Executive Summary

_Part T
Part II
Part II

Background
-Developmeht Plan

1 “Feaéibi1ity Study

Thé”rep0rt_cbhfqrms to the Scope of Work given in the Appendices, but does

fndt-alwéyS'folldw‘that'of:the order of the_Scope of Work, both for the

convenience of report preparation and better understanding for the readers.
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CHAPTER 1 ~ AUTHORTAATION

On the basis of the arrangéments for the Provincial Water Supply Projects
in Thailand wmade between the Governments of Thailand and Japan, the Japan
International Cooperation Agency (JICA) dispatched a study team headed by
Mr, Osamu Wakamoto, Nihon Suido Consultants Co., Ltd., under the assistance
and guidance of the Technicél Advisory Committee. The Study Team was

‘engaged in preparation of the said Projects over the period from November

1985 to March 1987 based on the Scope of Works agreed between PWA and JICA.












CHAPTER 2 . OBJECTIVES AND SCOPE OF WORKS
2.1 Objectives of the Study

The objectives of the study are firstly to prepare a long term water supply
expansion program to A.D, 2010 for each of the provincial areas named in
2.2 below, identified as the "Development Plan", and secondly to conduct
feasibiiity study for the first phase of the Development Plan, hereinafter

called Stage T.

The terminclogy "Development Plan" has been adopted for this study in lieu
of master.plan to reflect the conceptual nature of the long term planning
~which can be appropriately refined in the future when more extensive

studies are conducted separately in each of the provincial areas.

The planning is based on the best judgmént on existing facts combined with
histdrical trends, government policies, nost reasonable assumptions and
prﬁfeSSionai experience., In view of the changing situation, however, the
plan is subject to periodic review and updating and refinement as appro-

priéte.

2.2 . Coverage of the Report

The present report covers Pattaya City, Nong Preo sanitary district
and Ban Rong Po, one of the four study areas of the Provincial Water Supply

Projects, which are listed below.

Study Areas : — Chiangmai Municipality and surrounding
sanitary districts, San Sai, San Kamphaeng,

Saraphi, Hang Dong and Mae Rim,

- Ubon Ratchathani Municipality and Warin Chamrap

Municipality, including Ban Pak Huai Wang Nong, Ubon

Sanitary District {including Ban Don Klang), Ban Tha

Beong Mang, Ban Hat Suan Ya, and Ban Mai Klang,




- Suphanburl Munlclpal1ty, and Phqphraya Sanltary

Dlstrlct.

- 'PaLtaya Clty, Nong Preo Sanxtary District '

and Bar Rong Po.
The. areas undelllned in the above list were not orlglnally 1ncluded in the
study area. Durlng the course of study, however, they were added from the
v1ewp01nt of optimizing the effects of the project, wlth the consent of
both JICA and PWA. '

2.3 Scope of Works

Development Plan

The scope Qf works for the Development Plan is defined as follows:

Target Yeéar : A, 2010
Outline ‘of the Study :

1) Basic Survey
. a) Data collection and anélysis

‘b)  Study of.existihg.watér:supply-system

2) Sérved Population and Watér_Démand
.a) Delineation of ser?ed.area B
b) Projection of population and wéter'demaﬁd
3) Planning of Water Supply System
a) Study of water sources
o) Planﬁing of aﬁpropiiate water sﬁppiy'

system

4) . Constructlon Cost and Flnance o
al) __Cost estimation for construction .
_ and-operatlon/malntenance
'b) Study of financial aspects..

¢)  Preparation of implementation schedule



5)_"Idén£ifiéation-0f Stage I Project for
© Feasibility Study -
(including immediate improvement and
tehabilitation)

o

FéaSibiliﬁy Study :

As regards the urgently required stage of the Development Plan identified

as 2.3 5} above,:Feasibility-Study will be carried out as described below:

Study Areaé' SR : TIdentified Areas
'Taré,ét_ _Y_éaf- R :  AD, éooo
.Qutiihe'of the Sﬁudy |
B __15_ Servedi?opulation and Water Deﬁand
: .a) Dbelineation of service area
b) Estimation of served population

c)  Estimation of water demand

.2) Rehabiiitatibn'and Improvenlent
a) Study for improvement of existing -
facilities
b) Léakdqe éurvey-and'éstimétioﬁ'of

unaccounted-for water :

3) .'Plén.of Watef Supply Systems
a) Study of water sources
) Preliminary design
c) Study offalfernative plans and layout
of faciiifies |
a) Study of construction materials and
' lébof force |
e) .-Study for the construction method and

proéurement method_of material/equipment



)

b)

c)

a

e}

£)

- Construction and Management

Cost estimation of construction and

operation/maintenance

'Study of water revenle and vost

Stﬁdy df.water tariff

Economic and financial -analysis -

. 8tudy of organization and

operation/maintenance plan

Impleméntation schedule









CHAPTER 3 WATER SUPPLY ADMINISTRATION TN THATLAND

The follbwing'is_the description of the walter supply sector and the role of
PWA therein, which owns and administers approximately 180 watérworks,
inclusive of the four waterworks of Chiangmai, Ubon and Warin, Suphanburi
and.Pattaya, i.e., the study areas of the Provincial Water Supply Projects

in Thailand.

3.1 Water Supply Sector

The Government of Thailand has been taking positive steps to organize the
sector of water supply and upgrade its efficiency.. The sector is under the
responsibility of the Ministry of Interior. The Metropolitan Water Works
Authority, whose jurisdiction covers the Bangkok Metropolitan area and its
suburbs, started its activity undexr the name of "The Siam Waterworks" in
the Fifth Reign of Maha Chakri Dynasty. Its activities were first assign-
ed to be under the responsibility of the Public Works Department, Ministry
of Interior. 1In 19267, a greater part'of the waterworks was taken over by
the Metropolitan. Waterworks Authority (MWA). Prior to the creation of the
Provincial Waterworks Authority (PWA) by the Act of February 28, 1979, the
water supply activities in the entire country except the Bangkok Metro-
politan Area were under the responsibility of the Public Works Department

of Ministry of Interior and Public Health Pepartment of Ministry of Health.

3.2 Role of PWA

Whén PWA was estéblished, 182 urban waterworks operating in provincial town
areas were tratherred to the PWA from the Public Works Department and
Public Health Department, with exception of some designated local water-
works and sanitary diétricts, which still continue to remain under the

fesp0nsibility of the Public Works Department.

The activities of PWA are divided into two categories: (1) the Urban Water

Supply Program and (2} the Rural Water Supply Pregram.

Under: the Urban Water Supply Program, PWA constructs, invests, owns and

operates water supply systems in provincial districts or sanitary districts



with 5,000 residents or more, Nthh meet the folloWLng requlrements as’ PWa
waterworks., The reguirements are {1 substantlal populatlon den51ty, (?)
suitable water resources; (3) relatlvely qood economic and social status,'
and {4) suitability for investwment which lnvolves special polltlcal and -

national securities as well as the residents ablllty-to pay. .

The Ruxal Water Supply Program relates to smdll sanltary dlstrlcts or
commun1tles with populations of approx1mately 1,500 or more dnd other rural
areas in nced of water supply service. Under this Preqram,'PWA flnances.
part of the investment, with the remainder by the communities in.need of
water supply. ?WA also undertakes the neCeSséry investigation,_design,_
‘cost estimatiﬁg, construction and training, Upon coméletibh.oE.Cbnstfuc~
tion, the systems are'handed_ovér'to the communities for 6peratioh.' There- |

after, PWA furnishes technical guidance only.

ﬁt_the end of 1985, PWA provided services to 181 provincial towns (with
integratiOn of some water supply activities for efficiency-in.Qperation),
including 90 areas within municipalitiés, 154 sanitary: districts and 25
other districts:; In addition, technical service was furnished tb 675 water
supply systems. The total'produCtioﬁ-capacity was about Tb0,000_CU m per

day, serving a total of approximately 405,000 consumers (connections).

3.3 Status of Pattaya Waterworks in PWA

Pattaya Waterworks is under the supervision of Regional Office No. 1, one.
of the 10 Regional Offices, through which PWA is controlling its 181 urban

waterworks in Thailand.

Regional'office No, 1 controls 14 waterworks 1ocated'in-the areés_
neighboring Chonburi Province and the total'revenue of waterworks under:iﬁs
jurisdiction assumed the Wquht of 16.45 % in the total PWa revenue for

1985

bPattaya Waterworks is one of the'largést wateerrks in: the jurisdictibn'of
the Regional Office, sharing 26.56 % of the 1985 comblned total sales of

‘the waterworks in the jurlsdlctlon and 4.37 % of the total PWA revenue.
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CHAPTER 4 DESCRIPTION OF THE STUDY AREA

The study area covers Pattaya City and its two neighboring areas i.e., Nong
Preo Sanitary Districl and Ban Rong Po, which extend northeast and east of

Pattaya, respectively, as shown in Fig-4.1,

4.1 ' Nétural Features

Pattaya ié located in the east coast of the Gulf of Thailand, some 150 km
southeast of Bangkok and nearly 50 km south of Chonburi, capital city of

Chonburi Province.

The study area_is a flat land with gentle slopes extending from its central
part. Pattaya Hill (100 m above the sea level) extends along the central
seashore. A belt between Sukumvit Highway and Highway 3135 is composed of
swamps where lotus and other wvegetable grow. The downtown area and the
southern beach are composed of sand strands, and the area behind them is
characterized by a flat alluvial land. A granitic hill extends from the

central part of the area to form an inland terrace.

Thé projecf'area is a tropical forest zone, with the weather clearly
divided into dry {(Novembar - April) and wet (May - Octoher) seasons. The
yearly average temperature is around 27 degree C, highest in April and
lowest in December; Pattaya's average temperature is usﬁally 1 degree C or
so lower than Bangkok's. The number of rainy days and the amount of

rainfalls are comparatively less than other areas in Thailand.

Thanks to its location, Pattaya has seldom suffered from the damages from
tropical typhoons which in most cases originate in South China Sea during
the months from June to December and pass through the northern part of
Thailand from.June to September and its southern part from October to

December.

There are two riﬁer basins in and adjacent to the study area, i.e., Pattaya
River Basin and.Laem Chabang River Basin. Pattaya River Basin covers an
area of about 40 sq km and the Laem Chabang River Basin extends abhout 330
sq km., Both basins are embanked. The former by the Nong Kho Dam of the

Nong Kho River was constructed in 1983 and the latter by the Mab Prachan
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Pam of the Mab Prachan and Tao Kiat Rivers constructed in 1979,

The availability of groundwater in Pattaya is limited due to the poor

prbductivity of the aquifer,

4.2 Socic-Economic Features

Pattaya was only a small fishing village aboub 20 years ago and has
achieved rapid growth to become dne'of the premier resorts in Southeast
Asia. In the Eastern Seaboard Developnent Program (ESDP), Pattaya.assumes
an 1mportant role as a Lourlsm and commercial center of Chonburi, one of
the three major_proylnces covered by ESDP. As 1ocated in the prox1m1ty of
Bangkok, Pattaya's tourism'is expected to maintain stable growth. The
tourist authority in Thailand estimated that Pattaya had 600,000 tourists

in 1982, each with a stay of 5.6 days on average.

~ The leading eConomiC_activity of the study area is tourism with relevant
commerce. Main agriculture-fishery products are cassava, shrimps and
squids. Industries are of méinly small-scale such as cement, tapioca, food

mills, boat-vehicle repair and woodcraft.
There are access by a national highway and railway to Pattaya from Bangkok.

"The total populatlon of the study area in 19284 was approx1mate1y 56, OOO
1nclu51ve of Rong Po and Nong Prec areas. PWA supplies potable water to
the area Wlth a service ratio of around 30 %. The Provincial Blectticity
Aauthority (PEA) supplies eléctricity to nearly all parts of the municipal

areas,
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CHAPTER 5 EXTSTING WATERWORKS

The study area consists of Pattaya City, Nong Preo Sanitary District and
Ban Rong Po. Populated seaside area and its surrounding area which are
shown in PFig-5.1 are supplied water from PWA system set up in 1971, Most
pecple in the study area receive water from the PWA system and/or their own
private groundwater facilities ox other water sources. At present 20,000
beople which corresponds to 34 % of the total population 59,000 are

utilizing PWA system water.

The remalning 39,000 persons use rivulet water, stored rain water, or
groundwater which is very low in potentiality and salinity along the beach

ared .

In this chapter,: the conditions of the waterworks are described below:

5.1 Water Supply Conditions

History of public water supply start from construction of the Na Klua
Treatment Plant, Years of commencement and capacity of treatment plants

in Pattaya are shown in Table-5.1.

Table-5.1 TREATMENT PLANT IN PATTAYA

Treatment Plant ' Year of Design Remark
Commencement Capacity
Na Klua Treatment Plant 1971 80 cu m/h Abandoned
{1,920 cu m/a}

Pattaya-Na Klua Treatment 1981 1,000 cu m/h
Plant (24,000 cu m/d)



The Na Klua Treatment Plant was constructed at Ban NOng Preo near Sukumv1t-
Righway. Thls Na Klua Treatment Plant was modeled after the PWA Standard

Design, with full treatment provided with flocculatlon. sedlmentatlon, and
filtration at one plant, and was accompanied w1th a high 1lift pump_statlon

and a clear water reservolir,

The Na tha_Treatment Plant depended for its water source oh'Noné_Predg
Reservoir having a capacity of 60;000 cu m and located 1 km southeast qf:

treatment plant.

To cover the insufficient supply from the water source and to cope w1th a
ceaselessly 1ncrea51ng water demandr the Mab Prachan Dam—Reserv01r was .-
conetructed by RID in 1979 at the upstream of the Hua1 Nong Preo River in

line with the national tourism developlng pollcy.

The PattaYa?Na Kiua'Treatment Plant was construeted beside;the Mab prachan
Reservoif.' At present the Na Klua Treatment Plant is not used because of

1imited capacity of Nong Preo Reservoir, and the premises are used er the
booster pump etation. Figs—S.l and 5.2 show tﬁe pfesent'sefvice area, |

location of treatment plants, and the seﬁeme of present water supply

conditions, respectively.

Comparing watex ‘balance at the treatment plant, 8,76 MLM (treatment plant
capacity: 24,000 cu w/d x 365 days = 8.76 MCM) and net draft rate of
availabie water at Mab Prachan Reserv01r, 2.12 MCM/year. it is apparent
that when water requlrement increases in near_future, available water

gsource is not encugh.

As of the-average in 1984, the proaucfion:éapacity, production and water
sales are 24,000 cu m/d, 18,055 cu m/d (6 590,375 cu m/year) and . 16 190 cu
m/3d (5,909,651 cu m/year), respectlvely.

75 % of the rated productlon capacity is belng used now, and con81der1ng
future growth of the water demand, shortage. of productlon shall be

concerned about for near future.

The unaccounted-for water ratio is counted as 10.3' % from the above-

mentioned figures.
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 MAB PRACHAN
" RESERVOIR

PATTAYA-NA KLUA TREATMENT PLANT
1,000 cu m/hr
=24,000 cu m/day

" NA KLUA BOOSTER PUMP STATION
KAO PATTAYA
DISTRIBUTION RESERVOIR
WS TUDY AREA K 7

SERVICE AREA

1} Total Populationn : 56,000

2) Service Ratio (%) . - = - 30.0

3) Served Population - ‘ 16,300

Type of Water Supply Source*

1) Municipal = System (PWA) 29,3 %

2) Municipal System plus Others 13.2 %

3) ‘Groundwater = : . 31,9 %

L 4 4) Water Vender ' 4,5 % L.

5) Rain/River Water - S 0.3 0%

6) Combined Sources I 20.8 %
TOTAL 100.0 %

# Result of Questionnaire Survey, Jan, 1986

FIGURE

s SCHEME OF  pRESENT WATER SUPPLY CONDITION

JAPAN INTERNATIONAL CODPERAIION AGENCY
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5.2 " Water Sources

‘The Mab Pradhan Reservoir is a sole water source for Pattaya-Na Klua Treat-
ment: Plant “as mentioned in the preceding section.. This source has a sto-

- rage capacity’of 14;8 MCM in 1985, not necessarily‘sufficient fof Pattaya
watef suppiy. Annual mean run—off to the Reservoir from the catchment area
of 37.9 sq km is estimated at 16.08 MCM from the available data at Baﬁg
Phra-Résérvoir'durinq the period of 1968-1984 and a.little‘run~off;data on
Mab'Prachan were obtéined'during the period of 1979 - 1986, Because of its
llmlted storage capacxty, an excess run-off over the capac:ty is wasted by

'flow;nq out from the spillway of the Resexrvoir.
To resolve this éituation; RID planned to raise the crest of the SPiliway_

by 50 cm-in 1985. This work, expected to complete by 1989, will benefit

increase of its storage capacity as follows:

Table-5.2  NET DRAFT

Ttem Present After 1989
Max Storage (MCM/Year) 14.80 16.50
Gross Draft (MCM/Year) . 11.04 11.53
Reservoir Ldés {MCM/Year) 1.92 1.92
Net Draft (MCM/Year) - 9.12 9.61

{Note) 'Reservoir loss includes leakage and evapclation

The above=he£ draft contains raw water for industrial and river maintenance
use (1.8 MCM) in addition to water supply. Therefore, raw water available
‘ fo#'waﬁer supply is COhﬁuted at 7.81 MCM., If the river malntonance use
.(0 9 MCM) can bé disregarded only in severe drought years, 8.71 MCM or
23,900 mB/day will he avallable, almost same as the present productlon

-:-cap301ty of the Pattaya Na Klua Treatment Plant (24, 000 mB/day)

'To_gxamine'Whether the Reservoir has'any room for‘expanSion,‘the Team
_conducted the field investigation and comprehensive study. There may be

‘two probable pians : 1) relocation of Suctioh pipe by lowering its level



to utilize raw water stored in déad zone of the.Reservoit;énd :2) addi-
tional uplifting of the crest, It is the study result Lhat plan 1) is not
a fundamental solutlon since raw water to be avallable ‘is more or less: 1
MCM/year, approx1mate1y 10% of the current productlon of the exlstlng plant
and plan 2) that requlres re1nforc1ng whole concrete structure is not

con51dered practical “and cost effectlve.

From all the ebove, it_is'concluded that future large scaled augmentatiOn_
~ for water supply in Pattaya should depend on some other water source than

‘the Mab Prachau Réserfoir.

.eWater sampllng and testlng conducted concurrently by the'Team at the Mab
Prachan Reserv01r revealed that is bacterlologlcal and phys;cal character—
lSthS are generally in an acceptable 1evel as water source.- However, 1t)
showed hlgh concentratlon of nltrogen and phosphorus, major nutrlents for
'plankton and algae growth These plankton and algae may often cause clog-

_glng of f;lter media, whlch will be focused on’ 1ater‘1n Chepter Te



5,3 Inteke'and Water Treatment Facilities
'5.3.1  Intake Facilities

Raw water is taken from a concrete intake tower constructed off the shore
_of Mab Prachan Reserv01r. This 1ntake tower, de81gned according to the- PWA
7etandard, has hexagonal crose section and its upper structure is used as a

pump station where.pumps including the standby are installed,

A concrete brldge connectlng the intake tower and the shore supports a raw
water tranem1931on main on’ a side of it and” the other side is planned for

' uge of supportlng_another main in the_future expansion.

;Two electrlc pumps and one stand- -by dlesel ‘pump are 1nstalled in the pump
'statlon whlch hasg enough space for - future installation of additional pumps,

'tat least for three of the same size as the ex1et1ng ones, .

Dur1ng the perlod of studylng DevelOpment Plan, a 400 cu m/h 1ntake pump
_iand a 250 mm DIP transm1351on line were installed addltlonally to meet

the peak demand in tourlsm season.

" The additional system is said to be used only for a short term future,

-faccording.to the regionel and waterworks offices.

5.3.2 :Treatment Facilities

The plan of Pattaya Na Klua Treatment Plant 1nc1ud1ng intake facilities is
shown ‘on Flg 5 3 s it is seen in the flgure, ‘the’ exrstlng treatment
plant occuples a small portlon of the whole area, leaving enough space for

p0551b1e expansxon in future.

Ag 1t 1s seen in Table 5 3 which. shows the operatlng condltlons of the
- major fa0111t1es, detentlon time of M1X1ng Well" and Flocculatlon/Sedlmen—
.'tatlon Ba51ns exceeds con51derably the de51gn crlterla to be discussed
later in Chapter 1z, because they are over51zed in a. way. The capa01ty,.
though rated at 1,000 cu m/h presently, can be 1ncreased by reasonable

modification works.
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Table-5.3 MAJOR FACILITIES OF WATER TREATMENT PLANT

Facilities Type/Capacity

Water S;ﬁrce Mal» Prach;nw;;;;;;;;; _______________
Design Capacity 1,000 m3/h

Facilities _

Mixing Well Mechanical Flush Mixer

D, T. : 3 min
Flocculation Basin Mechanical Vertical Flocculator .
2 Basins
Volume : 450 m3/basin
D.T. ¢ 54 min
Sedimentation Basin Horizontal Flow
2 Basins
Volume : 2,500 m3/basin
D.T, : 5.0 h
Filter Rapid Sand Filter
8. Beds
Bed Surface : 49.0 m2/bed
F.R. : 6l m/d
Clear Water T Rectangular Type
Resexrvoir Volume : 6,000 m3
' D.P. : 6.0 h

Elevated Tank Volume : 250 m3

Chemical Application

- Coagulant Aluminium Sulfate
Chlorine ' Chlorine Gas
{Note) 'D.T. : Detention Time

F.R., : Filtration Rate



5 - 10

Sixteen motorized agitators installed in the flocculation basins are not
continuously in use for saving énerqy cost, However, they are to be
operated continuously in producing large size, easily settlable flocs for -

effective sedimentation.

Cleaning of the sedimentation'basins ig carried out periodically, three

times a year, after emptying the basins.

Through the field survey, mud-balls and cracks were observed on the
filters. The unsatisfactory condltlon was obvious from that. the filter

sand was 5011ed even right after washlna.

The clear water reservoir with a flat roof covered by earth-is partitioned
into two parts. A few ventllatlon openlngs and a level indicator are

- equipped on the roof however, the 1nd1cator is found to be out of order._

The chemical bu1ld1ng located near the m1x1ng well houses a cnemlcal system_.
_conslstlng of solution tanks, a CthflnatOI and storage area. Four d051ng
pumps, . two for each of alum and lime, are provided, Alum feeding is doﬁe'
continuously, but pre-lime feeding to regulate pH is practiced only when

the turbidity becomes high.

aAppropriate chemical dosaﬁe rate should be determined by water-duality test.
For this purpose, qualitatiﬁe'analysis of both raw and treated wafer

is recommended to be conducted more'freQuently_aed regularly. Furthermore,
comparative checking of the reCommended-and-acfually*dosed—rate shall.be.

practiced.

The actual consumption, and consequently doeage, of chemicals can be
checked by regular measuring of the drop in the solution tanks, level and

the decrease of the chlorlne container weight.

Two flow meters'are installed.in the raw weter.transmission pibe-and dis—
trlbutlon maln, outflow of the treatment plant, after clear water reser—
voir., Digital indicators of these two ILOW meters are 1nsta11ed in the
filter bulldlng.. The 1nd1cators show unlmaglnable data sometlmes and the

recorders were out of order at the tlme of fleld survey,



5.4 - Distribution Facilities
Fig“5.4 shows the existing distribution networks.

Treated and disinfected water is transmitted, by gravity, from the treat-
ment plantlto'the network, through a 7 km long 600 mm diameter DIP pipe-
‘line, along the access road from Mab Prachan Reservoir to the Sukunvit

Highway.

ebcet one*sigth of_the water, befofe_enteriﬁg the.network, is diverted to
-the'booeter puhp station located at Na Klua, the site-of treatment plant
bandoﬁed now, Fig-5,5 shows the pian of Na Klua Booster Pump Station.
From the booster | pump statlon, diverted. water is conveyed to the so- called
substatlon, Kao battaya distribution reservoir at Ong Phra H111 through a
350 mm dlameter 5P plpellne. Distribution reserv01r with the storage of
1, 500 cu. m at the substatlon, water is dlstrlbuted, by gravity, to the
_serv1ce area 1nclud1ng three large hotels near the Hill and to Jom Tien

Beach area where a new beach resort w1ll be developead in near future.

Distribution pipelines are:pfovided for the most part of the beach resort
areaeand residential area. Mainly made of ductile cast iron, the pipeline
is about 100 km in overall length. For small sized pipelines, the asbestos

‘cement made is used widely., Table-5.4 lists the dietyibution pipelines.

Mostly the distribution pipeliﬁes are kept in good physical conditions.

tiowever, in Na Klua area among other areas, many class 15 asbestos cement
pipes, designed'for low preseure service, are still in use since installa-
" tion in 1971 and, according to the waterworks staff's report, leakage has

been observed on the part of these pipes.

Abcut 80 % of the consumers answering the questionnaire survey showed that

they were satisfied with the supply pressure and water quality.

Sluice,.alr and draln vaives are installed at approprlate p01nts.
However, some of them are not indicated in the reticulation maps, as they
are completely burled under the road pavement and some are found to be

defectlve..



The present service connections are numbered more: than 5,000, Although all
of them are metered, accuracy. of meaSuremEnt is questionable, because
they are replaced only when they are found out of order after many years

of service.

Large size mete:s are placed in covered and locked meter boxes. ' All metérs

are sealed with marked lead and wire for protectioﬁ*against wrong handling.
Table-5,4 = LIST OF DISTRIBUTION PIPELINES

Dia{mm} Materiél Léngth(m)_
-100 - .Agbestos Cement o 16, 720
150 . S T 28,090
200 . 13,020
3000 oo A 11,250
350 . Steel ' 10,930
400 - Ductile Iron. _ : - : 8,120-
500 . S ' _ . 2,400
600 ' _ " 9,250
Total 99,780

5.5 Rehabilitation and Modification Works

The'facilities statéd‘abdveiare to have been oﬁefated fér-future as  .7

important ones to meet WAtef démand, To éope with the-inéréasinQ'demand,
rehabilitation aﬁd modification of the ekiéting-facilitieéiaré néééssary:
together with expanéion works of water.supply syétem.- These works will:'

be explained in the sucCeedihg Chapter 7, in detail.
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CHAPTER 6 "POPULATION AND WATER DEMAND
G.i General

In this chapter forecasted are the future population in study area and
water demand in service area. The area, as defined in the scope of work,
congists of three districts, namely Pattayé City, Ban Rong Po and Nong Preo
Sanitary Dislrict. The estimated served population will be utilized as an

input to the water demand projection.

The future water demands were estimated based on, analyzing the past water
coﬁsumptions data provided by PWA, and projecting the sefved population.
For each category of water uses, such as domestic, public, commercial and
industrial, the pasf trend was studied and the future water demands were
estimated category-wise. Since the City is a center of tourism industry in
the country, the water requirements.by tourism are also analyzed and in-
cluded in the forecast.

For forecasting the future population and water demand, PWA Design Criteria

was referred and taken into consideration.

The details of the forecast are to be referred to dppendix 1 POPULATION
FORECAST and Appendix 2 FUTURE WATER DEMAND and the results are reported

herein.

6.2 Population
6.2.1 Past and Present Population

Available records of the population of Pattava City, Ban Rong Po and hNong
Preo Sanitary District are shown in Table-6.1. The recorded pericd differs

for each of the three, however.

_Tﬁe population of Pattaya City showed an average increase of 2,050 persons
per yeay in the last 5 years, indicating the city has been developing in
tourism and related economic activities. The population of Ban Rong Po, a
town adjacent to Pattaya and located by the Sukumvit Highway éonnecting the

area with Bangkok, has been increasing population at a rate of 130 persons



per year, owing to the same reaé0n;
Nong Preo Sanltary District, a v1llage oecupying the hllly land. shows
decreasing trend of populatlon 1ncrease, possibly attrlbutable to lncrea51ng
emigration to urban area. ' '

Table-6,1 DATA OF PAST POPULATION

YEAR_ Area

‘Pattaya . Ban Rong PG - Ndﬁg'Preo'S.D.
1975 6,489
1976 7,396
1977 7,494
1978 - 29,726 7,633 o
1979 3,771 _-7;751 : 5,710
1980 34,867 7,921 - 5,220
1981 36,507 8,019 5,390
1982 - 38,525 _ _ 5,544 -
1983 40,475 '
1984 42,009

DATA SOURCES | |
' Pattaya 5'Instiﬁute”of.Popuiation.Studies;
' Chulalongkorn UanEISltY -
Rong Po : PWA Survey Rmport on Pattaya Waterworks, 1982

. Nong Preo : - ditte -



'6.2.2  PFuture Population Forecast

1) | Pattaya City

The future pOpulatlon of Pattaya City will ingrease llnearly at a similar
'rate as in the past, affected by ‘the developmént of tourism, '
2).' Ban Rong Po
 The future'populatioh will grow in the éame manner as in Pattaysa, following
. the trend of linear increase. |
3)  Nong Preo Sanitary District

-mhe rate of populatlon increase will 6ecrease in future and the populatlonﬂ

w1ll be saturated at arcund ©, OOO after 2005.

. The total pbpulation of the project area consisting of Pattaya City, Ban
.Rong Po -and Nong Preqg Sanitary District is shown on Table-6.2 and plotted

in Fig-6.1.
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-1able—6L2 ‘TOTAL POPULATION OF PROJECT AREA

A R E A

YEAR PATTAYA RONG PO NONG PREO TOTAL

1985 44,540 8,540 5,660 58,740
1980 .. 54,880 9,190 5,850 69,920
1995 . 65,220 9,840 5,930 80,990
2000 75,560 10,480 5,970 92,010
2005 . 85,900 11,130 5,990 103,020
2010 96,240 11,780 - 5,990 114,010

6.3 S'e'r'v:"L'c'e_ Area and Served Population
6.3.1 - ‘Service Area

" The present and future ser\uce areas, planned on the basis of future land
use plan and 1nformat10n of waterworks and Clty office for 2000 and 2010,

‘are’ shown 1n Flg 6 2.

As th:.s area faces the sea to the west, expan51on in future is llmlted to
._-three dlrectlons. :Na Klua's growth w111 be dlrected to the north and
development w1ll nroceed along the Sukumx'lt Highway. The central
"'area, already developed fully and populated densely, w1ll be expanded
. to the east

Developers are looklng for: new beach resort area to the south, along the
_ Jom Tien Beach to make lt a new center 1n the future., In recent years, a

" Q'few large hotels have been constructed along the beach.



6+ 6

EXISTING SERVICE AREA

: SERVICE AREA I 2000

SERVICE AREA IN 2010

Tk

Lesn Kefopt
nadunz
‘Ban By
L] - *
i

PSSV T

Eex Fat Fratinye

% 155

Hngk S T Ay e
v e

”3§$,_

&

up IR
Nt

Sepesh

s

Z,

Ao q.
Tt )i :
'p’l" e .

HES

Glp o

N e
HerHa Tips Faies X
Bt VAN Rpr

H 5

TS :

Mﬂlk}f‘l{l . é

3 K :
HURINTZ

[P

=

o f") ’

U g

FIGURE

6.2

EXISTING AND FUTURE SERVICE AREA

JAPAN INT

ERNATIONAL COOPERATION 'AGENCY_-



6.3.2 Served Population

“Phe service ratio in future was estimated upon consideration of customers'
income level and people's willingness for house-connection. Estimated
future_seﬁved.pdpulation-is shown in Table-6.3 and Fig-6.3.

Taple-6.3 FUTURE SERVICE RATIO AND SERVED POPULATION

“TOTAL _ SERVICE _  SERVED

_YEAR POPULATION _ RATIO _ POPULATION

1985 58,750 34 20,000
1990 69,920 a8 : 33,600
1995 80,990, 58 47,000
| 2000 92,000 65 59,800
2005 . 103,020 7 73,100

2010 114,010 76 86,700
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6.3.3"

Tourist Forecast

In thlS sectlon, the average number of tourists staylnq in the area is

'studied to use it for foreoastlng the future water demand in Section 6.4,

Based on the dlSCUSSlon made hetween the study team and TAT, DTCP and - the

Mun1c1pal Otflce and studylng the tourlsm-related reports, the tourlets

niinber per year, average length of stay, annual total stay and average

number of tourists per day were estimated.

‘The forecasted number of tourlsts ‘per year is plotted in F1g-6 4 and the .

above sald estlmates are 115ted in Table-6. 4

Table-6.4 FORECAST OF TOURISTS IN PATTAYA

YEAR

ANNUAJ,

TOURTSTS

{persons)

‘AVERAGE
LENGTH
OF STAY:

{days)

ANNUAL
TOTAL
STAY

{man-days)

AVERAGE
DAILY
TOURISTS

(persons/day)

734,686
961,816
1,090,924

1,150,018
1,174,370

1,183,968

2,938,744
3,847,264
4,363,696
4,600,072

4,697,480 -

4,735,872

NOTE :

" (ANNUAL TOTAL STAY) =

(AVERAGE DAILY TOURISTS) =

(ANNUAL TOURISTS) X

(AVERAGE LENGTH OF STAY)

(ANNUAL TOTAL STAY)/365
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6.4 - Water Demand
6.4.1 Past and Present Water Congumption

Obtaihéd:records'bf the water production and water sales in 1978 - 1984 and
.a sample of breakdown of the water. consumption, are as shown in Table~6.5

“and Table-6.6 rESpectivély.

_As seen ‘in. Table-6.5, the water pfoductibn and water sales suddenly
:inb;éased in 1982, whénHPattaya—Na Klua treatment plant started its
opeiétioﬁ. At the same time, the.mOntﬁly water consumption per gonnection
also doubled, due to'ianeése of relatively large consumers. According to
the:dfficials of théTwatéfworks most' of the modern hotels in Pattaya
éhéﬁged their water source'from dgroundwater to the piped water, asking for

reliability in both guantity and guality;

. Table—6.6 cléarly.charactérize'the éénsuﬁption'in Pattaya. The consumption
 by hotéls:and commercial  shops accounts for more than 80% of the total. On
‘the other héhd, the COﬁsumption by institutions including the government '

 6ffices} hospitals, schools, temples and industries is merely 4.5%.
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Table—6.5 WATER PRODUCTION AND WATER SALES
NUMBER CONSUMPTION

WATER - WATER . . oF .. . PER.

PRODUCTTON - SALES " CONNECTTON - CONNECTION -
YEAR _(bu m/year> “fcﬁ n/year) : | .(éu m/ﬁoﬁth)‘
1978 258,745 193,95 . . 798 243
1979 301,689 205,148, - © 886 232
1980 294,282 260,544 986 270
1981 015,515 733,487 - 1,342 . 547
1982 3,327,949 2,978,433 2,571 1,158
1983 ;-5;199,565' 4t573.615 - 3,683 1,242
1984 6,590,375 5,909,651 4,233 - 1,394 .

DATA SOURCE : PWA

Table~6.6 BREAKDOWN OF WATER CONSUMPTION

WATER CONSUMPTION

CATEGORY : (cu m/month) - )
Government Office: : : 3,463 - o 1{4
Hospital - . : 2;379
School | 792 . 0 0.3
Temple 660 . 0,
-Induétry 3,678 o 1.5
Pomestic : S 34,748 14.0 -
Commercial . 57,349 - 23.1
Hotel 145,089 S 58.4
Total 248,203 100.0

SOURCE : PWA Survey Reéport on Pattaya'WQEer*
" works in 1982 ” '
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6402 :-Future_Water Consumption
LY Dohestie Water'Consumption

_The domestlc water coneumptﬁon is estimated on the per capita basis.
.Currently 1t la estlmated at 136 lpcd in 1984, The future per capita
consumptlon is assumed to gradually increase Lo 210 1pcd in 2000 and 220
1pcd in 2010.. From the assumed per caplta consumptlon and estimated
served populatlon, the future donestic water consumptlon was estlmated as'

shown in Table-6.7.

Table-6.7 DOMESTIC WATER CONSUMPTION

PER CAPITA  DOMESTIC
SERVED  CONSUMPTION  WATER

yEaR . POPULATION  (lpcd) CONSUMPTION |
. {cu n/day)
1985 19,980 148 2,956
1990 33,560 190 6,377
1995 46,970 205 9,630
2000 59,810 210 12,559
2005 73,140 215 15,726
2010 86,650 220 19,062

2) Non Domestic Water Consemption

Non domestlc water consumptlon 18 categorlzed in the publlc, tourism,

'commer01a1 ‘and 1ndustr1al ' Bach category is further described below:
_'a) ' Public’Whter'Consumption
Publlc watexr consumptlon 1ncludes the water consumptlons by such institu-

"tlons as the government offlces, hospltals, schools and temples. It was -

éstimated to be_propertlonal to the domestic water consumption.
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b) Tourism Water Consumption

The tourism water éoﬁsumption is the'watér uséd by and for tourists staying
at hotels and similar facilities. Most of hotels and these'facilitiés,
which are existing and will be constructed.in future, will ‘be included in
service area. It is estimatéd, therefofe, on;the.number of tourists, as .
shiown in Table-6.8, and:thé per capita_cqnéumptibn. :Aftef studying the
available data, the consumption has been assumed as 875 iécd:in'1985 ~ 1990
and 900 1pcd in 1995 - 2010,

Tapble~6,8 summarizes the tourism water cbnsumptioni

Table-6.8 TOURISM WATER CONSUMPTION

| _ CONSUMPTTON  TOURISM
NUMBER OF . PER TOURIST  WATER

YEAR TOURIST/DAY (1/day}  CONSUMPTION
1985 8,051 875 7,040
1990 10,540 875 9,220
1995 o 11,955 " 900 . 10,800
2000 12,603 900 11,340
2005 12,870 900 - 11,580
2010 12,975 900 11,700

c) Commercial Water Consumption

The commercial water congsumption is the water used by commercial businesses
like restaurants, bars, shops and bazaars. It is proportional to. the
tourism water consumption assumingly, as the commercial activities in-

Pattaya are principaliy for the tOufists,.
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a) Ihdustrial Water Consumption
The economy in the area w111 contlnue to depend largely on tourlsm and the
_'Clty is committed to no long term industrial development program

at present. The 1ndustr1al water consumptlon will stay at the present

level.

3y Total-Wéter Consumption -

The doméstic and non-domestic consumptions are summed up and shown in

‘Table=6.9.
Table-6.9 = TOTAL WATER CONSUMPTION
WATER CONSUMPTION (cu-m/day)
CATEGORY 1985 1990 1995 2000 2005 2010
Domestic 2,960 6,380 9,630 12,560 15,730 19,060
Public 800 1,720 ° 2,600 3,390 4,250 5,150
Tourism 7,040 9,220 10,800 11,340 11,580 11,700
Commercial 2,610 3,410 4,000 4,200 4,290 4,330
Industry 400 400 400 400 406 400
Total 13,810 130 27,430 31,890 36,250 40,640

6.4.3 Average Day and Maximum Day Water Demands

As the total water consumptlon estlmated above is the net delivery, the
unaccounted for water shall be added to it in computing the demand for
productlon.. The average day and maximum day demands are deflned as the

'prOdUCtion demand here.
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The unaccounted-for water ratlo has been very low 1n the Pro]ect Area, as _
it was 10.5, 12.0 and 10 3 % 1n 1982 1983 and 1984 respectlvely._ The low '
ratio COmee from the fact_that dlstrlbutlon_networLs were built rather '

recently.

As the unaccounted for water ratio planned for 1983'~ 2010 lS 15% the
bPattaya Waterworks will" have to pay con51stent attentlon to 1eakage

gontrol, in order to malntaln the dealrable Condltlon as eylstlnq.

For Pattaya, two peak factors, the ratjo of max;mum day demand to average :
-day demand, have been found necessary due to the city's characterlstlc as‘a

tourism center.

Studying the monthly fluctuation of ‘tourists® nuﬁber,-thé péak factor for
tourlsm water consumptlon was made 1 4, while that of domestlc consumptlon,.

eferrlng comparable data. of Chlangmal, was . assumed as. 1 24.

Table-6.10 and Fig-6.5 show the aVerage.day_weter'demand'and maximum day:-'

water demand.

Table-6.10 AVERAGE DAY AND MAXTMUM DAY WATER DEMAND

WATER DEMAND : ' WATER DEMAND ( cu m/day ) _

| 1985 1990 - 1995 . - 2000 2005 . 2010
AVERAGE DAY 16,241 124,863 32,270 37,510 42,640 47,810
MAXIMUM DAY -~ 21,544 32,706 42,240 48,900 55,340 61,830
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CHAPTER 7 PROPOSED WATER SUPPLY SYSTEM

In the previous Chapters, all basic factors governing the planning of the
long-térm development plan of the water supply systems have been studied,
including the prevailing conditions of the supply area, the existing water
supply conditions, thé trends of population growth and water reguirements.
Taking all results of the studies into account, the development plan will
be worked out hereinafter, which is most appropriate, technically and

economical ly, for the study area.

7.1 Basic Considerations for Development Plan

Formulation of the long-term development plan of the Pattaya Water Supply

' Project will be based on the following basic considerations:

1) Tarliest Possible Realization of Water Supply

Emphasis will be placed on earliest possible realization of water supply to

the areas where supply is insufficient or supply is urgently required, by

means of rehabilitation and modification of the existing facilities.

a) Deteriorated équipment in the treatment plant and obsolete pipe-

lines as described in Chapter 5 will be rehabilitated, and the
problems of operation and maintenance will be so solved as to

enable supplying safe water continuously.

b)) To reduce leakage from the watér main, leak detectors will be

provided and a leakage control program will be prepared.
c) Inexpensive and effective improvement works for uprating
production will be carried out.
23} Phased Implementation of Project

To achieve cost-effective implementation of the whole project, the service



area will be expanded, or the pipelines'will he extended_accordihg,to the

urgency of supply in the area,

In accordance with. the future plans of the City, ReQional-Office-and Water-
works and in consideration of the development of‘the”servide area and water
demand, the development plan of the study area w111 be phased lnto two

stages, i.e., Stage I up to 2000 and Stage II up Lo 20]0

3) Most App:opriate Technology

Strictly in compliance w1th the design crlterla establlshed,by PWA, 1east'
‘cost ‘designs will he employed, ‘rather p1a01ng empha51s on labor 1nten51ve

technology.

a) In planning and designing the preSent-water'subply'sysfem. the
plan of PWA now under way . ox under ¢onstruction w111 be . stud1ed”e

for reference.

b} Construction methods,'aﬁd mechanicallelectfiéal'eQuipmeﬁt) cur—
rently employed w1dely in Thailand, w1ll be used as much as
practlcable. Empha51s will be. placed on easy and’ fallsafe

operation and malntenance.

In the succeedlng sectlons the proposed water sources for the Tong- term

development plan w111 be described at first. Then,” the rehabllltatlon and
modlflcatlon works of ex1st1ng dellltleS to be execuLed unger Stage I are
out.lined, Flnally described are the Stage I and Staqe II expan51on works
for the“future water supply system. The water bupply plan summarlzlng the

‘above deecrlptlon is presented in Fig-7.1.
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7.2

T.2.1

As de

Water Source and Water Supply System.
Water Source

scribed in Chapter 5, the Mab Prachau Reservoir, the existing'water

source of the-Pattaya“Na Klua Tfeatment plantg-does-not have'enough

capacity to supply raw water for its future exten51on.' To determlne future

water source for Pattaya Waterworks, review of the avallable data and

repor

ts and site 1nvest1gatlons were conducted as detalled in Appendlx_3.o

Consequently,  the Nong Kho Reservoir was finally selected as the most

promi

1)

2)

sing water source because of the following reasons:

The East Coast Water Resource Development Report prepared by JICA in
1983 recommends that Pattaya water zone'Shouid depend on the Mab _
Prachan Reservoir, the Nong Kho Reservoir and/or Hua1 Kong Dai Intake_

of the Huai Kon Dai Rlver,'all 100ated in v1b1n1ty of Pattaya Clty._ B

Pipeline to convey 0.8 cu m/sec from Nong Kho to Laem Chabang is
currently under constructlon and w1ll be completed by year 1988 "The
guantity of raw water conveyed is sufficient to meet 1ncremental

water demands of Pattaya City till 2000 if merely one third of the

‘raw water be diverted fer the Pattaya Waterworks.

3)

4)

Nong Kho - Laem Chabanq Plpellne Pr03ect plans to 1nstall addltlonal
pipeline by 1998, after tonstructlon of Nong Pla Lai Reserv01r and-
installation of Nong Pla La; - Nong Kho_p;pellne which are alsozplan—
ned under the East Coast'Water‘Résources DoVelopment Project as shown
in Fig—7;2. Therefore, the Nong3Kho'Réservoir eVén.after“yeat 2000
will be able to provide Pattaya and Laem Chabang.ﬁater zones with

sufficient raw water to he conveyed from the Nong Pla Lai Resexvoir,

Huai Kong Dai Intake wlll be worthwhlle for studylng further as one of
the posalble future water source Systemo from the technlcal and econo=
mic stan6901nts. At present, however, no SOlld data are avallable as:
to basic items such as cllmateologlcal, topographlcal arid hydrologlcal

data. Thorough study for Hual kong Pai is requ1red on such matters._



5)° Other probable water sources such as the Bang Bun, Bang Phra and Dok
Krai Reservoirs are all located too far to convey raw water to

‘Pattaya.

Ffém'alllthe above, the current project will depend on the Nong Kho

Regervolr as future water source up to 2010,
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7.2.2 Water Supply System

The 1oca£icn of the proposed treatment plant together with method of con-
veyinq water is.a key factbr to establish a development plan to meet the
increasing water demanda up to the year 2010. The comparative Study was
conducted among these alternatives on the basis of least cost solutions.
(Refer to Appehdixﬁ7 Alternative Study for details of the comparative
‘steay)

Among the elternatives, the following method is found most cost effective:

- the proposed treatment plant should be located near Laem Chabang

Receiving Well through the Stages T and II.

- Treated water should be conveyed by gravity to a propesed distri-

bution pump statlon at Ban Rong Po and pumped to the serv1ce area.

The long-term development plan is shown on Fig-7.3, and discussed in the

following sections.

7.3 Stage I  Rehabilitation and Modification Works

The rehabilitation/modification works are focused upon the Pattaya-Na Klua
Treatment plant to increase the supply capac1ty, replacement of obsolete
pipelines to reduce unaccounted for water and addition of a distribution
main to feed the treated water planned for increase. The 400 cu m/h
increase plan was partly reallzed by installation of a raw water pump and a

transmission line and to complete it, additional chemical feeding system is

needed.,

"The 1tems recommended for immediate attention to initiate the rehabilita-

tlon/modlflcatlon are summarized below
(1) Install_additional alum and lime feeding eguipment;

{2} Relocate the raw water pump, installed in March 1986, in the pump

house of the intake tower;.



LAEM c;nABMG RECE:[VING WELL
: WLo+.36.7

s
,;_-,,,-t,.a.J(

Nl:.w TREATMENT- PL_ANT

"'CLLAR W.‘\'I‘ER RLSERVOIR
WL+ 32 7 N

CLEAR WATER .
TRANSMISSION PIE’ELINE

RONG PO DISTﬂIBUTION

PUMP STATION: .
m-m—l-lOO, LWL+70

¥ MAB PRACHAN RESERVOIR
) PA‘I‘IAYA-NA KLUA T.P.

YEAR 2010
RAW WATER TRANSMISSION PIPELIME - $700, 0.4 km - [ -~ ¢600 . 0.4 kn
(BY GRAVITY) : - :
NEW TREATMENT PLANT . 20,100 w3/d. 12,900 m3/d
CLEAR WATER TRANSMISSION L o i
PIPELINE - ¢600,. 6 km : $500, B.km
#500, 5 km _ . g400, 3 km
RONG PO DISTRIBUTION PUMP STATION - 1 IS N 1 ts
DISTRIBUTION MAINS L S
(BY PUMPING) _ o : g600, 4.2 km $#500, 4.2 km
‘ ' #500, 1.8 km. . $400, 0.8 km
FIGURE

LONG TERM DEVELOPMEN’I‘ PLP.N

7.3

JAPAN INTERNATIONAL (,OOPERATION AGENCY




(3) Replace water meters and indicators for raw water and treated

_ water:

. (4) " Replace level gauges of the ¢lear water reservoir and the

elevated tank;
(5). Pro?ideﬂaléhlorine gas container scale;

(6) Replace or thoroughly wash filter media and underdrain of the

'filtei";_
(7} Replace:obéolete'pipelines of the distribution system and lay a
distribution main connecting the plant with the distribution

- network; -

(8) - Purchase leakaqe detecting equipment, initiate'a:1eakage'contxél

program and.immediately_replace defective mains if any;

(9). Purchase a filter media washer and undertake regular wash of

‘filter media,
If the works is successfully completed, water demands will be met by the
 present  gystem up to 1991.
7.4 Stage I Expansion Works
The Stage.I'Expénsion'WOrks prdvidés for projected maximuwn day water demand
of 48,900 éu m/d; serves 59,800 peoyle and the service areas extend to

2,700 hé'by.the'end of the target year 2000,

Featureé of .the proposed erks are as follows:

' 7.4.1 Treatment Plant

It is reéommeﬁdéd that:thé proposed treatment plant be located near the
Laem Chabang Receiving'Well'and raw water be conveyed from the well through

700 mm main of 400 m length to the plant. A flow meter should be installed
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on the main for determining the amount of raw water.

The water treatment process W1ll consist of pre chlorlnatlon, hemical
coagulation, flocculatlon, sedlmentatlon, flltratlon, post 11m1ng and post—
chlorlnatlon; In addltlon to the process above, the plant is proposed to
. have pumps, motors, substatlons, sludge treatment 1agoons, chemlcal '
storage, a mechanlcal maintenance shop, a spere parts warehouse, offices,

and housing complex. The layout of'the-plant is shown on Fig-7.4,

T.4.2 Transmission Mains and Distribution Pump_Station'

The Stage I Expans1on Works will require ll km transm1351on main of - 500 mm . -
and 600 mm in dlameter fo. convey treated water from ‘the plant by grav1ty to
the proposed dlstrlbutlon reservoir of 5 000 cu m capacrty Treated water ;

will be: pumped to the serv1ce area from the reserv01r.

7.4.3 Distribution Mains

It is enviseged that the distribution systeu will be divided ihto_two
isolated zones: the southern height and .the other area._ Tﬁe southern
helght will be served from ‘the Kao Pattaya Dlstrlbutlon Reserv01r w1th
gravity flow, whlle the other area, most of the serv1ce area w1ll be served
by the ex1st1ng Pattaya ‘Na Klua Treatment Plant with grav1ty flow ‘and by
Rong Po Reserv01r/Pump1nq Station w1th pumped supply ThlS arrangement is
expected to allow a mlnlmum service pressure of 1.0=kg/sq cm.duriug the

peak hour demand through the service area.

The Stade I proposes the installation of 5,150 additional serviee connec-
tions to meet 19,000 incremental served population. ' L
7.5 Stage 11 Expansion Works

The Stage IT Expansion Works will provide additional 12,900 cu m/d produc-
tion to meet the maximum day water demand of 61,800 cu m/d by 2010..
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_ 7.5.1 Treatment Plant

It is proposéd'that the raw water be conveyed from Laem Chabang Receiviﬁq
Well through the proposed #600 mm main to the treatment plant where the
Stage I fac111tles be expanded by 12,900 cu m/d such as a mixing well,
flocculation ba51ns, sedlmentatlon basins, filters, electrical eguipment,

sludge lagoon, and chemical feeding equmpment.
7.5.2 Transmission Main
The treated water will be coﬁveyed‘from the.abovemmentioued'treatmeﬁt plant

'throughithé additional ¢500 and $400 1m diameter pipeline of 8 and 3 km

length to the dlstrlbutlon reserv01r located at Ban Rong Po. The. distribu-

”-tlon reservo;r and the pumplng statlon will be constructed in the proximity

of the Stage I reserv01r w1th the additional capacity of 3,300 cu m whlch

is equlvalent to 6 hour ‘of the addltlonal maximum day demand.

7.5.3 Distribution Main

The dlstrlbutlon system was analyzed with a computer model to optlmlze the
' system up to the year 12010, As a result, the proposed system of the Stage
'II 1ncludes 1nstallat10n of 32 km mains ranging from 500 mm to 100 mm

-dlameteru

The Stage IT Expanslon Works proposes the 1nstallat10n of 7,200 additional

' servxce connectlons to serve 27,000 1ncremental populatlon.
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CHAPTER 8 PROJECT COST AND TIMPLEMENTATION SCHEDULE

In this chapter, principal matters concerning the project cost and imple-

mentation schedule related to the water supply system, as proposed in

Chapter 7, are described.

‘8.1 Price Level and References

Price'level: Costs are valued at 1986 prices,

Unit cost : Those Unit costs in the PWA price lists are generally
employed and where such price lists are not available, the
prevailing market prices are referred to.

8.2 Division of Project Cost

The project cost is divided into two parts, as follows, to be estimated

separately.
1) Construction costs; and
2) Other associated costs such as engineering and administrative
costs, inclusive of physical and price contingencies,
8.3 Method of Estimation

The above mentioned costs are estimated in the following manner.

8.3.1 Construction Costs
The costs are estimates for each of the following three:
1) Stage I Rehabilitation and Modification Works

2} ' Stage T . Expansion Works

3) Stage IT Expansion Works



Construction costs shall 1nc1ude the cost of acqu1r1ng land necessary for
- the planned facilities. The land acunbltlon cost was estlmated separately

from the direct construction cost

Summary of cost estimation is shown in Table-8.1,

8.3.2 Associated_Costs

" The costs of englneerlng serv1ceg, 1nclu31ve of detalled design, 8011 _
1nvestlgatlon and field survey, and Superv151on are esflmated together w&th
~administrative cost, physlcal and price contlngen01es, as shown below. The
coefficient used - ‘in the calculation is taken after the cased of on- going '

projects ov the flgures widely accepted in- Thalland.
Where (A): Construction Cost, and

(B}: Engineering Services Cost,

Detail Design (D/D) = = (A) x 5.2 %

Soil Investigation and

Field Survey ' = (D/ﬁ).x 11 ¢
Supervision ' =.(A).x 5.3 %

(A ¥+ B) x 1%

Administrative Cost’ (Q)

Physical Contingencies (D) (A+B+C)x7s

(A +B+C+D) x 3.3 % price

Price Contingencies (E)
escalatlon per annum for

the constructlon perlod '



Table-8.1 SUMMARY OF COST BSTIMATES

" Rehabilitation

‘and Modification

1) Land'Acqﬂisitionﬂ

2) Construction of New
- Water Supply System

- 3) Ehgineering:Sgtvices :
Sub total’ (A= D)+ 2+ 3)

| 4) Administratioﬂ‘Cosi
(1% of Sub total (A))

Sub total (B) = (A)+ 4)

' 5) Physical Contingency
- (7% of Sub total (B))

_ Sub total (C) Q'(B)+f5) |

'6) Price Contingency
{3.3% per annum of total
- yearly disbursments)

Grqﬁd-TotAJ:{(C) +6)}).

25, 700
2,800
28,500

300
28,800

2,000
30, 800

3,600

34, 400

248, 600
27, 600.

278, 300

2, 800

281,100

19, 700
360, 800

45, 600

346, 400

117, 300
13,500
131, 100
1,300
132, 400

9,300
141,700

74, 400

- 216, 100



8.4 Implementation Schedule
8.4.1 Target Year

The development plan is phased into two stages, Stdge I and II targefiﬁg

2000 and 2010 respectively, because of the' following @onsidérations;

- As many other cities waterworks under PWA management need similar
dévelopmeﬁt program also, dividing the peériod into more gtages will be

less appreopriate adminiStrativély;'.

-~ Two stages' implementation will be appropriate frdm_the'vieW§éint'éf

size of investment.

- As other nunlClpal plans for future set the tarqet around 2000 the

‘ Stage I will be coordlnated with them.

The Stage I is further phased JntO 1ehabll1tat10n/modlflcat10n of the

"existing system and expan510n 1nV01V1ng new. constructlon works.

8.4.2 Implementation Schedule of Stage I

In_the.Stage 1, rehabilitation and modification works is executed in

advance of expansion works,

The rehabllltatlon and modlflcatlon works are lntended for 1mprov1ng and
- updating the ex1st1ng fa0111tles at the earliest tlmlng, laylng a ground_

work on which the following expansion works are to be-cqnstructed.

The rehabllltatlon and modlflcatlon works are planned for completlon in the _'

mlddle of 1989,

The expan51on works and the rehabilitation and modlflcatlon works shall be
detail- de31gned c01n01denLally, as - lmmedlately after the completlon of ‘the
rehabllltatlon and modlflcatlon ‘works the expanqlon works is to be

comnenced .

Two years' period is planned for the expansion works which involve a treét—



ment plant, distribution pump and reservoir station and a sizable length of
pipeline; The whole works Will_have to be divided into a number of lots so

that ‘they can be progressed in parallel,

8.4.3 Implementation Schedule of Stage II

1t is deemed necessary to complete the Stage II DrOJect around the end of
2000, con51der1ng the water demand 1ncrease. Taking two years' perlod for
the con%tructlon work as in the case of the Stage i PrOJect, it w111 be
requlred to conmence the constructlon work at the beglnnlng of 1999,
Countlng back fFrom thlS tlme and allowlng for a time perlod 51m11ar to Lhe.
case of Stage T for’ fea31b111ty study, Yoan procedure, etc., the' commence-—
ment of fea51b111ty study of Stage IT is planned at the beglnnlng of 1996.
as detailed 1n-F;g 8.1.
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