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PREFAC?HR

In response to the request of the Government of ‘the Kingdom of Thalland,
:the Japanese Government has dec1ded to conduct Development Plan and

: Fea51b111ty Study on Prov1nclal Water - Supply Pro;ects and entrusted the

- Study to the Japan International Cooperatlon ‘bgency (JICA). JICA sent to
the Thalland a study’ team headed by Mx. Osamu Wakamoto, Nihon Suido
'“onsultants Co.,Ltd from Docember 1985 to December 1986,

'The team haﬂ dlScu551ons with the off1c1als concerned of the Government of
the Thal1and and conducted a fleld survey in the Study Areas and Bangkok.

.After the team returned to Japan, further studies were made and the present

report has been prepared

I hope_that thiefreport wili'sefee.for:the_development of the Project
and contribute_to‘the promotion’of friendly relations beteeen our two
coontries; I wish'to express my deeplappreciation to the officials
concerned of the Government of the Thailand for their close cooperatlon

extended to the team,

March 1987

,/4l:.bsé ' /%W,Zéf

Keisuke ARITA
President .

Japan International Cooperation'Aqency
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EXECUTIVE SUMMARY

Al Introduction

This report summarizes the results of a coﬁprehensive master plan and
feasibility study conducted by a study team of the Japan International

Cooperatlon Agency (JICA), which are presented in this volume of the Report

"entltled “DEVELOPMENT PLAN AND FEASIBILITY STUDY ON PROVINCIAL WATER SUPPLY

PROJECTS IN THE KINGDOM or THAILAND, CHIANGMAI“

The study area covers Chlangmal Mun1c1oallty and its nelghborlng Sanitary
Dlstrlcts, ‘Mae Rim, San Kamphaeng, San Sai, Saraphl and Hang Dong, located
some TOO_km.north'of Bangkok. Chlangmal is a well known tourist spot in
Asia and_the,éééond'largest—dity in Thailand, and:also serves es_a'cehter
_of'adminieffation, eduCation, commerce. and traffic in the northern dis~
tricts, The city is expandlng steadlly and expected to absorb the surroun-—
ding flve sanltary dlstrlcts 1n the future. Of these five sanltary dis-
trlcts, those connected to PWA System are only two, Mae le and San
Kamphaeng._ Among the rest fhree, Hang Dong has a publlc water system noL

belonging,to FdA, but other_two have no water supply.

The cefrenf project'purports to prepare a comprehensive development plan of
water. supply 1n the study drea mentioned above up to the year 2010, and to

study the fea51b111ty of the early stage of the plan for implementation,.

" The population and water supply service ratio of Chiangmai and each of the

five sanitary'districts are forecast as in TableQES.l,

In view of the uncertainties in the future developmeht of Chiangmai and
flve sanltary districts as well as of the 1nterna1 administrative reasons
-of PWA, progect 1mplementatlon is planned to be lelded into two stages,

i.e., Stage I up to the vear 2000 and Stage 11 through 2010.



Table-FS5,1 POPULATION AND SERVICE RATIO FORECAST

1985 2010

Area Popu- Service Popu- Service
lation Ratio lation Ratio

Chiangmai 155,000 52 % 199,000 75 %
Mae Rim 11,100 42 % 13,600 - 70 %
San Kamphaeng 17,000 3% 26,100 65 9
San Sai 22,200 - 24,700 50 %
Saraphi 8,800 - 13,000 50 %
Hang Dong 5,200 -~ ©,700 _'50 %

Total 219, 300 283,100

The Development Plan also pfOposes an immediate impfovément progrém to
rehabilitate the ex1st1ng systen, together thh immediate nodification
works to increase the productlon-supply capa01ty of the existing fa01l1~
tieg. These immediate actions are requlred to be carrled cut prior to the

Stage I expansion program, or as part of its 'initial phase.

This is because the existing production facilities of Chiangmai, Mae Rim
and San Kamphaeng who$e nominal capacity exceeds demand are failing to
supply safe water unceasingly, hindered by deteriorations in treatment

facilities and damages in pipelines.

B. Strategies to the Targets

Of the five Sanitary Districts, Stage I implementation will be extended
only to Mae Rim and San Kamphaeng which are already PWa membef waterworks.
Both of them are proposed to be merged with Chiangmai Waterwbrks,'thé

| reason being that Mae Rim service area actually crosses over a part of
Chiangmai jUrisdiction,‘and San Kamphéenq has a hiﬁh pros@ect tao be connec-
- ted with Chiangmai in future because of an 1ndustr1al zone planned to be
developed in their mldway. In addltlon, merger will reduce their operatlon

expenses in total.
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Becauséﬂof their unreadiness, the development of water supply in San Sai,
Saraphi and Hang Dong sanitary districts is planned to be postponed to

Stage II of the'Development Plan,

Composite‘watet_consumption is projected to be increased up to two times as
large as the présent lévél in coming 13 years, from 26,200 cu m/day in 1985
to. 53,000 cu m/day in 2000, and_fﬁyther to 74,900 cu m/day'in 2010. Domes-
tic demand will increase reflecting both population'growth and per capita

_ consﬁmption increase (from 143 lpcd in 1985 to 185 lped in 2000), and
fourism demand is projeéted to expand at a highér rate than the domestic

one.
The estimated costs are summarized in Table-ES.2 for implementing the

strategic piané-as shown in Fig-ES.1.

Table-ES.2? TOTAL COST FOR DEVELOPMENT PLAN
' ' Unit:1,000 Baht

Stage I Stage.II Total

Rehabili. Sub-  (2000-2010)  Stages

Item and Expansion Total Expansion I and 1I
Modifi.

Land and Facilities 22,400 202,400 224,800 260,000 . 484,800

Engineering Service 2,500 22,200 24,700 28,200 52,900

Administration Cost 200 2,300 2,500 2,900 5,400

Physical Contingencies 1,800 15,800 17,600 20,400 38,000

Price Contingencies : 3,100 36,800 39,900 220,600 260,500

Total : . 30,000 279,500 309,500. 532,100 841,600




AONIOY NCILVHE3dO0D TYNDILYNGILNT NYdVr
_ N 152
NT0Z ¥WdX 0L NY1Id ATd4NS dEIEM
3dNOld *§301238Td mumu..n.:mw BATd WATM PRUTUOD S¥IoMTAtey TewbueTyy @ 330N
orat £ 5ot : - ot e o 509 Y leteh o S| crooorr %) oI AW HOWIXYR
9°¢h : S iztes . B 22 . o5’ ey I 43 LY (000"t ¥} aNeRIA A TTVMIAY
o . e : e . 5T . &z . & S ) OTIVY MIINM ¥O4-OIINDODINND
4151 12T BEE A2 4 C S ERT £UYrT : R - (000°T %) NOTIWIADOS OTAEIS
565 | . Tl 55 . §vd . T8y S| (L), OTLVY FOTANIS
Te8 6 69T : 6°95T T 6 VT FALAxA . €6 . . C(000Y %) NOIIWINSC
11 FIWIS R - T — AR [T ERINNN O - ¥
| T T e T T
. 0oL SFTIINIOVS NOLLOFATHLIA § ’
. mmHBquum_m " M.Hmmw-] _ _ m PSRRI  Ssxwos W/ FINCTHIS NOLIDOUISNOI
L SITLINIOYE ZOHBU.Dm_O,mm. ’ SIILITION ZO.H.HUDQ.O%& . ] i .
otoz] 60 | B0 | L5 | 90 {SOCZ| ¥o | €0 1 Z0 | 10 |o00Z! 66| 6 | 46 | 96 |s661| v6 | €6 | #6 | 16 [056T) 68 | B8 | £8 | 98 isge1| b | €S [ T8 |18 RTYETY
" - e oy : o)
b .
\\.\\\
‘\
; L\\ \\\31 - Los
. e -
| T - _ 2
et i L\\ o] z A
, _\\\1 P/ O5v*es 8 ’
. \\ “ ) z .
+— 2 Eﬂ oL - Lot &
. T A D/ OF 69 L g . 2
A L 0 -
- - \ - = 5
L ; g :
= i c - (=)
By — 3 82 a o244 o
- - \wﬂ 8¢ \ 1 g X
| 4 o..a_az 4 k : JM : \ g =
- i . : 6 g Lotz =3
\ . P/ 0P 68 _ L I 4 : 8
. . " i
. L~ . i 3 -
. .\-!.lll‘lll .
\ \:l.[J.l\i —~
N > ) — [s4)3 b - ROpE
. . , L\ 705 TLOF e
. ] 01T . y
! - ‘ | g |
“.\u. R v S % * o o 5 i
] \J“\ . # ] # ' . 7 WE 0L
Mﬁ\ ; "B/EU QRR"ETT I : ~
! p——er w -




EE - 5

¢. Proposed Water Supply, 1987-2000

The components of the pro?osed water supply system for Stage 1 together
with the service avea to be covered are illustrated in Fig-ES.2, Rehabili-
tation and modification works will proﬁide heeded improvement of the exis-
ting facilities, ﬁarticularly to increase the supply capacity to ﬁeet water

- demand which is expebted to intensify around 1990,

The Stage I Expansion for'Chiaﬁgmai, Mae Rim and San Kamphiaeng is designed

as shown on Table~ES.3, with implementation proposed to proceed as Fig-ES.3.

Table—-ES.3 SUMMARY OF STAGE T EXPANSION

item Chiangmai Mae Rim San Kamphaeng Total
Service Area {(ha) 50, 400 9,200 13, 400 73,000
Served Population 126,700 8,200 12,800 147,658
Water Source Ping River Lam Nam Groundwater

& Irrigation Me Sa

Canal _
Max. Day Demand fm3/d) 76,500 6,700 3,806 87,000
Distribution Pipeline (km) 105 21 9 135
Service Conmection’ 4,900 310 1,000 6,210

The proposed project and its costs'are summarized in Table-ES.4. The
estimated capital. investment cost of the project, totaling 309,500 thousand
Baht at current priées allowing for price increases of 3.3 percent per
annum is realistic, based on preliminary designs plus an allowance of 7 %

for physical contingencies.



INCREASED CAPACITY INCREASED CABRCLLY
; A I WP, PRESENT IN RENA/MODT WORKS IN EXPANSION WORKS TOPAL
LAN NAM MAE SA MAE RIM 'm‘.T.P.J,_:- paron 1 4,000 wi/a 207000 mase 40,000 wiza
INTAKE s R {167 w3/h) (833 m3/h) {1,666 i)
L. UMONG 30,000 m3/d - - 30,300 m-B/d
(1,250 m3/h) (1,250 w3/n)
’
f‘: WANG SING KAM 7,920 w3/a - - 7,92? w3/d
. (330 m3/h) (330 m3/M)
S 8y SR : e : : : g 4,000 m3/d 20,000 m3/d 77,920 mé'/"d"
T ST RS : s : : ST ! : TOTAL 920 m3/d e '
pald RN BRI - I _ SR o E _ - L . I ?3‘246 I’:B;m (167 m3/h) (833 m3/h} {3,246 m3/M}
FAW VAR THANGH : N ’ o §
4300 x 0.9 K . - - s
¢ 300 x 0.9 km MAE RIN 7,920 m3/d 7,920
_ T (330 m3/h) . (330 wm3s/h)
SAN KAMPHAENG 3,600 m3/d. - - 3,600 wi/a
{150 m3/h) (150 m3/h}

BAN THO INTAK

Note: Hang Dong Sanitary District hag its own
water supply system not belonging to PWA.

RAW WATER TRANSMISSION PIXL
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1) Feasibility Study
2). Loan Procedure of Bxpansion

3) Selection of Consultants

4);D/D of Expansion

.5) DfD of R/M

6}.ann Procedure of Expansion
7)5Sglection of Consultéhts

8):Qualification of Contractors

9) TehderEvalﬁétion
10) Construction
(a) R/M Works
{(b) Treatment Plant & Well
(CH, MR, .SK) .

Distribution Fac:lliti_és
{CH, MR, SK)

NOTE : D/D Detailed Pesign _
R/M Rehabilitation and Modification
CH Chiaﬁgmai ' “ '
MR Mae Rim.
SK ‘San’ Kamphaeng

FIGURE

- BS.3

IMPLEMENTATION SCHEDULE
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q

JAPAN INTERNATIONAL COOPERATION AGENCY



ES - 8

Pable~ES.4 ESTIMATED PROJECT COSTS FOR STAGE I IMPLEMENTATION
| (x 1,000 Baht)

A. Rehabilitation and Modification - 122,400
Chiangmai _ 122,000
Mae Rim ' 200
San Kamphaeng . _ . : 200

B. Expansiocn 202, 400
Land Acgquisition 1,800

. Chiangmai 176,100
Mae Rim 18,200
San Kamphaeng ' 6, 300

C. FEngineering Services 24,700

D. Administration Cost ' 2,500

E. Physical Contingencies 17,600

F. Price Contingencies 39,900.

Total 309,500

The tentative financing pian, summarized-ih_Tale"ES;S, assumes loané-frpm
a foreign financial inétitutidn.suaﬁ as OECF totalihg.247,600 thousand
Baht, or 80 % of capital ekpenditﬁre, and local loans totaling 61,900
thousand Baht, or 20 % of capitél expenditure. The total fund reQuiremént
through the project period is projected to amount to 705;000 thousand Baht
on a cash-flow basis_(inclhsive of debt service) of:which 56.1 % will be
covered by internal cash generation and the rest(43;9_%)-will be finaﬁced

with foreign and local loans, and with no internal=financial.help_éf PWA,
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Table-ES.5 TENTATIVE FINANCING .PLAN FOR STAGE I IMPLEMENTATION
' [CHIANGMAT WATERWORKS] x 1,000 Baht

Item Before % of
. Depreciation Total
1. Soufces of Funds
Internal Cash Generation | 395, 500 56.1%
Outside Sources:

. = Foreign Financial Institution

- such as OECF 247,600 35.1%
- Local Financial Institution 61,900 8.8%
Total S 705,000 100.0%

2. Application of Funds

Capital'Expenditure " 309,500 43,9%
Debt Service . 395,500 56.1%
Total - 705,000  100.0%

The above financial conditions, together with the Financial Internal Rate
of Return and the Economic  Internal Rate of Return as high as 10.8 % and
16&5%'respectively-demonstrate the financial and economic justification of

the project.

‘Several key actions are necessary if the project is to succeed.

1. Fihéhcihg for ‘project impiementation must be confirmed. This confir-
mation includes the cheéking of a pqssibility of obtaining Government
subsidies for project capital investment, which are now being sus-
_penaed tempérarily fdr Government budgetary reasons. Such subsidies
will ease the financial conditions of waterworks in making capital

‘investment.
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Changes in structure of PWA's water tarlff, as recammended in the Ma1n =
Report, are needed together thh perlodlc increases in tariffs (to

cover the effects of price escalathnL

Arrangements should be made with RID to secure in the dry. seasons the
necessaxy volumeq of raw water from the Plng River and the 1rr1gatlon

canal, both of which are under the control of RiD.

 Suitablé land site should be secured at the earliest time_posSible:for‘

the Ban Tho intake facilities which are prdéoSed to be constructed in

the Stage I.

a leakage team should be formed: in the waterworks to pursue a program

of redu01ng water leakage in accordance with the Framework prepared by

JICA Team.

PWA should.bémpaign the enlightenment of the residenté in San_Séi,
Saraphi and Hang Dong on the necessity of potablé'piped water and the
benefits of PWA service, as to pave a way for the planned Stage I

implementation in these districts.

The project is technically feasible énd provides théileast cost solution

for pvaiding QatEr'éupply as needed in the project aféa throdgh the‘Yeaf

2000.

The proyect is also 31gn1f1cant to 1mprove the existing fa01}1t1es

which are deterloratlng. Tmplementation of the project will 51gn1f1cantly

improve the water supply and cother env1r0nmenta1 sitvation. and health of

the people in Chiangmai.



COMPTLATION OF THE REPORT

The Development Plan and Fea51blllty Study of the Provincial Water Supply
PrOJects cover foux areas; Chlangmal, Ubon and Warln, Suphanburl, and
Pattaya._ The study- report on the Development Plan and Feasibility “tUdy is

.composed of the follow1ng nlne volumes,

Volume I Summary

Volume II-A Eéiﬁ Report for Chiangmai
.Volume I1-B Appendices. for Chiangmai
Voleﬁe III-A - Main Réport for Ubon and Warin

Volume III-B  Appendices for Ubon and Warin

Volume IV-A Main Report for'Suphanburi
Volume 1V-B Appendices for Suphanburi
Volume V-A _Main Report for Pattaya

Volume V-B - Appendices for Pattaya

ThlS report {(Volume Ir —h) repreqents a main report relatlng to Chiangmai,

and consists of the follow1nq four part

Executlve Summary

Part I Background

Part 11 Development: Flan
Part TTI Feasibility Study

_ The:repoft_COhforms to the Scope of Work given in the Appendices; but does
not always follow that of the order of the Scope of Work, both for the

Convehienée of'report preparation and better understanding'for_the readers.
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CHAPTER 1 AUTHORIZATION

On the basis of the arrangements for the Provincial Water Supply Projects
in Thailand made between the Governments of Thailand and Japan, the Japan
International Cooperation Agency {JICA) dispatched a study team headed by
Mr. Osama Wakamoto, Nihon Suide Consultants Co., Ltd. under the assistance
and guidance of the Technical Adviédry 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.
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CHAPTER 2 OBJECTIVES AND SCOPE OF WORKS
2.1 Objectives of the Study

The obijectives of the study are firstly to pfepare a long term watexr 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
feasibility study for the first phasge of the Development Plan, hereinafter

called Stage I,

The terminology "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 proﬁincial areas.

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

priate.

2.2 Coverage of the Report

The present report covers Chiangmai Muhicipality and surrounding sanitary
districts, one of the four study areas of the Provincial Water Supply

Projects, which are listed below.

Study Areas : - Chiangmail Municipality and surrcunding
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

Bong Mang, Ban Hat Suan Ya, and Ban Mai Klang.




- Suphanburi Municipality, and Phophraya Sanitary

- pattaya City, Nong Preo Sanitary District.

and Ban Rong Po.

The areas underlined in the above list were not originally included in the

étudy area. During the course of study, however, they were added from the

viewpoint of optimizing the effects of the project, with the consent-of

both JICA and PWA.

2.3 Scope of Works

DeveIOpmentPlan

The séope of works for the Development Plan is defined as follows:

Target Year

:  AD. 2010

Outline of the Study

1)

2)

3)

4)

Basic Survey
a) Data collection and analysis

b) Study of existing water supply system

Served Population énd Water Demand

a) Delineation of served area

b) Projéction of populaﬁioh and water demand
Planning of Water Suppiy Syétem

al Study of watex sources

b) Planning of appropriate water supply

system

Construction -Cost and Finance
a) - Cost estimation for construction

and operation/maintenance

) Study of financial aspects

c) Preparation of impiemeﬁﬁation schedﬁie



'5).  Identifichlion of Stage T Project for
TFeasibility Study
{including immediate improvement and

rehabilitation)

Feagibility 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:

g Study Areas : Identified Areas
Taréet.Year :  A.D. 2000
Cutline of the Study '
1)  Served PoPUlatioﬁ,and Wéter Demand
é) Delineation of service area
b)' Estimation of éerved pophlation

) Estimation of water demand

2) Rehabilitation and Improvement
a) - Study for-improvemeﬁt of existing
facilities
o) .Leakage survey and estimﬁfion of

unaccounted-for water

3) .Plan'of Water Supply Systems

a) Study of water sources

5) Preliminary'design _

ci Stﬁdy of'alfernative plans and layout
of facilities

d)  Study bf construction materials and
labor force _

e) Study for the construction method and

' piocurement methed of material /eguipment



4)

a)

b)
c)
d)

e)

)

" Construction and Management

Cost estimatidh of construction and

operation/maintenance
Study of water reverue and cost

Study of water tariff

Economic and financial analysis

Study of organization and -
Qperatioh/maintenance plan

Implementation schedule









CHAPTER 3 WATER SUPPLY ADMINISTRATION IN THAILAND

The following is the description of the water supply sector and the role of
PWA therein, which owns and administers the four waterworks of Chiangmai,
Ubon and Warin, Suphanburi and Pattaya, i.e., the study areas of the Pro-

vincial 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 activiity under 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. In 1967, 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 eﬁtire country'except tﬁe Bangkok Metro-—
politan Area were under the responsibility of the Public Works Department

of Ministry of Interior and Public Health Department of Ministry of Health.

3.2 Role of PWA

When PWA was eStablished, 182 urban waterworks operating in provincial town
areas were transferred to the PWA from the Public Works Department and
Public Health Department, with exception of some designated local water-—
works and sanitary districts, which still continue to remain under the

regponsibility 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 Program,

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, which meet the following reguirements as PWA



waterworks. The requirements are (1) substantial populaﬁion density; (2)
suitable water resources;. (3) relatively good economic and social status;
and (4} suitability for investment which involves special political and.

national securities as well as the residents ability to:pay.

The Rural Water Suppiy Program relateé to small sahitary districts or
communities with populations of approximately 1,500 or more ‘and other rural
areas in need of water sﬁpply service. Under this Program, PWA finances
part of the investment, with the remainder by the commuﬁities in need of
water supply. PWA also undertakes the necessary inveétigatign, design,
cost estimating, constxudtion and training. Upon completion of construc-
tion, the systems are handed over to the communities for opéraﬁion. There-

after, PWA furnishes technical guidance only.

At the end of 1985, PWA provided ser;:ices to 181 provincial towns (with
integration of some waterxr supply activities for gfficiency in operation),
including 20 areds within municipalities, 154 sanitary diétricts and 25
other districts. In addition, technical service was furnished to 675 ﬁatef
supply systems. The total production capacity was abbut 700,000.¢u m per

day, Serving a total of approximately 405,000 consumers  {connections),

3.3 Status of Chiangmai Walterworks in PWA

Chiangmai Waterworks is under the supefvision of Regional Office No. 9, one
of the 10 Regional Offices, through which PWA is controlling its 181 urban

waterworks in Thailand.

Regional Office Wo. 9 controls 24 waterworks under its jurisdiction and the
combined revenue of these 24 waterworks assumed the weight of'12.85.% in

the total PWA revenue for 1985,

Chiangmai Waterworks is one_of'the largest Waterworks iﬁ'the jurisdiction
of the Regional Office, sharing. 34,51 % (39.62 %, if Mae Rinm and_Saﬁi

Kamphaeng Watérworks_aré included) of the 1985 combined. total sales of the

waterworks in the juriédiction and 4.43 % (4,94 % if Mae Rim and San

Kamphaeng Waterworks are included) of the total PWA revenue.
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CHAPTER 4 DESCRIPTION QF STUDY AREA
4,1 Matural Featuresg
4.1.1 Coverage

“The study area covers the present jurisdiction of Chiangmai Waterworks,
thch almost coincides wilth the administration jurisdiction of Chiangmai
Municipality (hereinafter called Chiangmai} and 5 Sanitary Districts
surrounding Chiangmai, i.e., San Sai, San Kamphaeng, Saraphi, Hang Dong and
Mae.Rim, which are planned to be included in the jurisdiction of Chiangmai
Waterworks after the implementation of this Master Plan. Their location is

as shown in Fig-4.1.

4,1.,2 Location and Geography

Chiangmail and the surrounding Sanitary Districts are situated some 700 km
northward from Bangkok approximately in long. 98 degrees east and. in lat.
18 degrees north. The clevation ranges approximately from 300 m to 320 m
above the sea level in the urban area of Chiangmai. In the area, humid
monsoons blow from May to September, and cool but dry monscons from
Hovember to February. The annual average precipitation of the area is

about 1,100 mm/year.

Chiangmai is formed of a flat plain surrounded by hills, and develops along
the Ping River which is derived from the northern mountainous drainage
areas extending nearly 6,500 sq km. The Mae Ngat River, which is a tribu-
tary of the Ping River and has some 1,300 sq km of drainage areas, joins
the.Ping about 35 km North of Chiangmai. A dam named Mae Ngat was com-
pleted in March 1986 adjacent Lo the midstream of the river. The Mae Tang
River, another main tributary of the Pin§ River, has about 1,900 sg km
drainage areas and delivers water to an irrigation canal which is used also
as a water éource for Chiangmai and located at about 45 km northern

upstream from the Municipality.



4.2 Socio-Beoonomic Features

Chiangﬁai is the second largest city in Thailaﬁd,‘oﬁly'next to Bangkok.
Not only as an administration center of the Northern Thailand, it also
serves as a center of commercial, industrial and educational activities of

the Northern Thailand.

With its background as an ancient city, it boasts of its cultural inheri-
tances including old buddhist temples with various cultural events,
Together with beautiful sceneries and éomfortabie weather, it albtracts more

than one million tourists a year.

Chiangmai is an important traffic center, being connected with a number of
national highways including those from Lampang and Nakﬁohzsawan,_With its
airport functioning as international aviation cross-routes as well as local

ones.

‘Chiangmai is also a center of commercial tfansactions particularly of
agricultural products such as rice, tobacco, potatos, ahdISuQar—caﬁes
farmed in non—muﬁicipality afeas around the city. The mahufaétufers of the

municipality engage in rice mills, fobacco, plywbéd, cement, and other

light industries including cotton fabrics,

Mae Rim is a.transit town between Chiangmai and northern tourist spots,
Mae Rim is also surrounded by a number of tourist spots including Mae Sa
Waterfall, MNature Park and Mae Sa Valley. : Mae Rim is also fémous for the

Elephant Camp which attracts both local and foreign tourists.

Sam Kamphaeng is well known as a center of souvenir shops, and a mimber of
manufacturers producing such souvenir articles gather in this district.
Thus souvenir articles include woodcarvings, silverware, china ware and

barboo handicrafts.

Mae Rim and San Kamphaehg are gserved by PWA, with the service‘ratias.of 42
% and 34 %, respectively. Those residents not receiving PWA services are

mostly depending upon groundwater,

San Sai, Saraphi and Hang Dong are farming districts, with.rice; tobacco

and fruits as their main crops. Hang Dong has a water supply system self-



0perated'by a group of residents. San Sai and Saraphi have no centralized

. water supply systems.

Accdrding'to'DTCP Socio-Economic Survey in:1981, thoée_economically
‘employed éonsisted 46.1§'% of the labor forbe, with the rest composed of
26.1 % uneconomically empioyed and 73.9 % unemployéd. The same sﬁrvey
'showéd that household income in urban distriét,of Chiangmai stood-as'4,220
Baht compared with 6,270 Baht for Bangkok and 4,630 Baht for all munici=
paiities éxcluding central regions and Bangkok, reflecting the economic

backwardness of the Northern Thailand.

' Theée two factors, the high rate of unemployment and the lowilével of urban
houééhoid'income, aré working ‘to incféase labor outlet, both  temporary
aha_perﬁahéht,.froﬁ Chiangmai to Baﬂgkok.and other central regions. It is
told. that éctual pbﬁulatioh in Chiahgmai'is therefore lower than the regis-

tered figure, which was reported as 155,000 as of 1985.

Eleétricity is supplied to almost all areas covering Chiangmai and
SahitaryrDistricts b§ Provinéial Eléétricity Authority (PEA) which is
responsible for péwer supply to provinéial areas, PWA supplies pofable
'watéf to the aréé, and the service ratio was about 68 % in 1982, although
the ratic decreased to 45%'aftef the 1983 expansion of.the administrative

- jurisdiction of the Mﬁnicipality.
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CHAPTER 5 EXISTING WATERWORKS

The study areas mentioned in the preceding cﬁapter have their own water
supply Systens,.except for San Sai and Saraphi. About 50% of the total
population (155,000} in Chiangmai are benefited by the water supply in
1985, while no more than 16% of the combined population (104,000} of the

five saniltary districts are benefited.

Of those people who are not benefited by the water supply systems, about
90% in Chiangmai and about 97 % in the sanitary districts depend on ground-

water,

The following are the background and the existing conditions of the water-

works in Chiangmai and the Sanitary Districts.

5.1 Water Supply Conditions
5.1.1 Chiangmai

The supply of potable water to Chiéhgmai Municipality started in February
1956 by the Public Works Departméht (PWD), then responsible for administra-
ting provincial water supply systems. The water was supplied from the Wang
8ing Kam Treatment Plant with a treatment capacity of 40 cu m/h or 960 cu
m/d, constructed at a site close to the Ping River, one of the Chao Praya

River tributaries.

The.Umong and Paton Treatment Plants have been constructed to meet the
ever—increasing water demands due to the increased per capita water con-
sumption and also to the expansion of administration districts and water
service areas in 1983, as shown in Table-5.1. The Umong Treatment Plant
takes raw water from the Irrigation Canal while the Paton Treatment Plant
relies its source on Lhe Ban Tho Tntake of the Ping River, When.the Wang
Sing Kam Treatﬁent Plant was constructed, the water source was chanqéd to
the Ban Tho Intake, as the water of the Ping River has become seriously
polluted by the industrial wastewater discharges to the river, particularly

the portion between the Ban Tho Intake and Wang Sing Kam.



Table-5.1

TREATMENT PLANTS OF CHIARGMAT WATERWORKS

. WATER

CONSTRUCTED

CAPACITY

NAME OF PLANTS REMARKS
SOURCE & EXPANDED IN (cu m/h)
WANG SING KAM PING 1956 (40) Abandoned
(Mo.1) RIVER 1964 80
1968 . 250
Sub-Total 330 (7,920 cu m/d)
UMONG MAE TONG 1568 200
(No.2) CANAL 1976 1,000
Sub-Total 1,250 {30,000 cu m/d)
PATON PING 1981 560
(No.3) RIVER
Sub-Total 660 (15,800 cu m/d)
TOTAL - 2,200 {53,760 .cu

m/Ad)

The service areas and locations of the major water supply.faciiities as of

1984 are shown in Fig-5.1. The water supply system doverS'BO,BOO popula--

tion or approximately 52 per cent of the total 155,300 inhabitants within

the service area ektending about 40 sq-kmi The total water Sold'is esti-

mated at 23,500_cu_m/d with an unaccounted~for water ratio of 32 per cent.

The ratio of maximum day flow to average day is estimated to be 1.25, with

the maximum day demand amounting to 43,000 cu m/d.

The estimated maximum dayldemahd is about 80 per cent of the total pfoduCF:

tion capacity of the three treatment plants, and the Systems is thereforé.

considered to have 20 percent allowance in production capaciﬁy.
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The existing water supply conditions are outlined ia Fig-5. 2. (1.

The study team conducted a questlonnalre survey ‘to study the relatlon
between water supply and Lelated socio-economic condltlons phenomena.'

The results of the survey are summarized in Appendlx 5.

5.1.2 Sénitary Districts

The water supply conditions of two Waterworks,. Mae Rim_and San Kamphaeng,

are outlined in Fig-5.2.(2).

1) - Mae Rim

The. water supply eyetem‘etarted ite'services when'the water treatﬁent.bf a
1,920 cu m/d capac1ty was put in operatlon in 1975, w1th raw water taklng
from the Mae Sa Rlvulet¢ ‘As the treatment capa01ty could not catch up with
the 1ncrea51ng demand, addltlonal fac111t1e5 of 6 000 cu m/d were construc—
ted and was put in operatlon in- February 1986, maklng its total capac1ty
1ncreased to 7,920 cu m/d, more than twice of “the existing wate* demand,

3,900 cu m/d.

The service area of the syatem is as shown in Fig-5.3 approx1mately 4.6 sq-'
km, where 4,700 residents or about 42 percent of the total:populdtlon
{11,100) are receiving water eupply services. The total'wetef-eeld is
egtimated at 2, 000 cu m/d w1th an unaccounted for ratio of 33 percent,

according to the record of the Waterworks.

The service area of Mae Rim is already connected with that of Chiangﬁai.
Large consumers along the main road connecting to Chiangmai are Sdpplied'by

the Mae Rim Waterworks.
2} San Kamphaeng
San Kamphaeng Treatment Plant started its operatlon in 1970 u81ng abundant

groundwater avallable 4in and around the San Kamphaenq Sanltary bistrict.

Because the qroundwater containg iron and manganese, the water treatment



IRRIGATION CANAL . PING RIVER
BAN THO
INTAKE
' Treatment Plant - . Capacity -

- . (cu m/hr} {cu m/day)
o= 1) WANG SING KAM o _ 330 7,900
© - 80 .cu m/hr {Year 1964}
= 250 cu m/hr {(Year 1968)

Lol 2) PATON (Year 1981) - 666 16,000 g
3) UMONG - ' 1,250 30,000
- 250 cu w/hr (Year 1968)
- 1’000 - n ( it 1976)
TOTAL 2,246 53,900

STUDY <  ARER

SSERVICE A REA
1) Total Population - 155,000
2) Service Ratio (%) 52.0
3) Service Area (ha} 3,900
4} Served Population _ 80,600
5} Max. Day Demand (cu m/day) 43,000
Type of Water Supply Sources -
1) Municipal System (PWA) - 50.9 %
2). Municipal System plus Others 10.6 %.
3) . Groundwater . 35.0 %
-—|4) Water Vender _ 0.2 % ——
~ |5) Pond/Reservoir 0.1 %
16} Combined Sources ‘ 3.2 %
TOTAL 100.0 %

* Result Of'Questidnnaire Sﬂrveyin chiamgmai,
Jan. 1986

FIGURE SCHEME OF PRESENT WATER SUPPLY CONDITION
5.2, (1) _ : (CHIANGMAT)
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MAE RIM
STULY & AREA.
MAE RIM SERYV I CE ARE A
TREATMENT PLANT 1) Total Population . 11,000
- 80 cu m/hr .
250 cn /by 2) Service Ratio (3) 42.0
et St . 3) Service Area (ha) . 460
330 cu m/hr 4) Served Population 4,700
= 7,920 cu m/day 5) Max. Day Demand {cu m/day) 3,900
7? . Type of Water Supply Source *
‘1) Waterworks (PWA) 17.8 3
o | | 2) waterworks plus Others 4.0 % ]
MAE SA RIVULET 3) Groundwatex 76.6 %
._4] Combined Sources . ______1.8:% __
TOo T A'L‘ 00 ¢ %
¥ Result of Questlonnalre Survey in Mae Rim,
Jan. 1986 :
SAN KAMPHAENG
STUDY ¢ AREA
S B R V 1 CE AREA
1) Total Populatlon 17,000
2) Service Ratio (%) ' 34.0
3) Service Area (ha) 710
. " x . . [
SAN XAMPHAENG g; ;ervegapogzlzssoﬁcu.m/da ) ;’Sgg
TREATMENT PLANT ax. ey bem v '
80 cu m/hr ; ) )
= 1,920 cu wm/day Type of Water Supply Source *
4 WELLS 1) Waterworks (PWA) 1 33.0 %
150 cu m/hr : L__ 2} Waterworks plus Others 13.0 % ]
= 3,600 cu m/day - 3) Groundwater _ 53.5 %
ALQQ@?&Q@QEQBES?% _________ _.0.50%
TOTAL 100.0 %

_ : * Result of Questionnaire Survey in San Kamphaeng,
4 DEEP WELLS . Jan. 1986 '

FIGURE {  SCHEME OF PRESENT WATER SUPPLY CONPITION
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plant of 1,920 cu m/d is equipped with pre-chlorination and aeration facil-
ities to remove them and produce water quality meetlng the requlrements of
DWS of PWA. There are now four 20 m deep wells produc1ng a Lotal of 3,600

cu m/d, which is about twice of the present water demands in the area.

The serVice areé, as shown in FigﬁS 3. is about 7.0 sg km as of 1985,
Approxlmately 5,800 people, or - about 34 per cent of 17, 000 peoplo 11v1ng
within the area, are recelvlng water supply serv1ce, consumlng a total of
750 eu m/d water (sold water) with an unaccounted-for water ratio of 33

percent.

Along the main road connecting Chiangmai and San Kamphaeng, there are many

factories and shops.

3)  Hang Dong

Hang Dong Sanitary District started its ihdependeﬁt water supply service in
1976, with a deep well as water source. The number of consumers households
totals only about 70 at present. The sexvice area of the system lies along

the district main road, as shown in Fig-5.3.

.The total supplying capacity with the exiéting two wellé is 1,26d'cu w/d,
of which 840 cu m/d iz from the old well and 420 cu w/d from the new well
drilled in 1986. Total water consumptio'n__éf the 70 households is estimated
to be about 50 cu m/d, with sufficient surplus in the capacity of the '

exlisting system.

4} San Sai and Saraphi

There is no water supply systems in these Saﬁitary'Districts at_preseﬁt;
and most of the population ré1§ on groundwéter'fdr’their water.sdurcesh
Groundwater in the San Sai'Sanitary District contains iron to some extent
" 80 thét all the wells are pfbvided with filters to remove it. :Watér

quality of the groundwater in Saraphi is better than the San Sai's..

‘The guestionnaire survey concerning the people's intérest-about public

supply service showed that they were less interested especially in Saraphi,



as their willingness to have house connection with a public supply service

was as low as 30 %,

5.2 Water Soﬁrces

This gsection delineates the present water sources for the Chiangmai: Water-
works and the five Sanitary Districts. Fig-5.4 illustrates the hydrogeo-
gﬁaphic features of the Ping River Basin around Chiangmal Municipality, as
ciarified by the review of available data and field survey conducted by the

team.

5.2.1 Chiangmai

The major water sourées'for the Chiangmai Waterworks are the Ping River and
its major tributaries of the Mae Taeng River. The Ping River supplies raw
water at a rafe of 23,760 cu m/day or 8,67 MCM/year to the Paton and Wang
Sing Kah-Treatmént Plants. ' The Mae Taeng irrigation Canal, another water
Source,'supplies raw water at a rate of 30,000 cu m/day (10.95 nCM/vyear) to

the Umong Treatment Plant.

1) Ping River

The Plng River orlglnates in the mountains of the Chiang Dao Northern
DlStrlCtS and flows down through the eastern part of Ch1angma3 Munici-
pality. The river has a drainage area of 6,355 s¢ kxm with a mean annual
_réinfall of 1,200 mm, of which 74 % is lost by evapo-transpiration in the

basin.

The Ping River's mean annual runcff at Chiangmai Municipality is measured
‘at 2,026 MCM/year (1821—1980'by RiD) and only a fraction of the run;off
_abdut 19. 6'MCM/year, is beiﬁg used by the Chiangmai Waterworks._ Accordlng
. to, 1nformat10n obtained during a site survey at the Ban Tho lntake, the
Ping River's flow decreases in the dry season w;th the river water some-
times deélining to a critical level of a few.cenfimeters. The operators on

such occasions have to dig the river beds to collect water.
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2) Mae Taeng Irrigation Canal

The Mae Taeng Irrigation Canal constructed by RID is one of the important
‘water sourceé and the sole source fqr the Umong Treatment Plant. A problem
of the canal is that the water flow has to be stopped for about 50 days
every vear for inspecfion and repair purposes. To cope with the canal flow
suspension, PWA procured a set of -pumps and pipes recently. They are used
to provide a temporary pipeline which can bypass the section of the canél

under repair.

The raw water quality at the intake sites of Ban Tho (Ping River) and Umong
(Mae Taeng Irrigation Canal) is discussed, 'in detail, in the study on water
guality (Appendix 4). The tests of water from the two sites showed similar
and acceptable results, The raw water is being treated satisfactorily by

the present facilities.

5.2.2 Mae Rim and San Kamphaeng
1} Mae Rim

A rivulet called Lam Mae Sa flowing into the Mae Rim Sa is the water source
for the Mae Rim Sanitary District. This rivulet originates from Mae Sa
Valley in the western side of mountains and provides raw water for the
treatment plant at a capacity of 330 cu wm/hr which the field survey found

to be sufficient enough to meet the demand in the area.

The present raw water quality is considered satisfactory to be utilized for

public water supply.

2) San Kamphaéng

Groundwater is utilized as the water source for public water supply to this
Sanitary District, There are 4 deepwells with depth of 90 m. The produc-

tion capacity of each well is about 1,000 cu wm/day.

The quality of above groundwater is considered allowable, although concent-

rations of iron and manganese are sometimes relatively high.
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5.3 Tntake and Water Treatment Facilities
5.3.1 Chiangmai

1) Ban Tho Intake and Transmission Pipelines

As for water source, the Chiangmai WaterWofks now relies on tworﬁgtef .

- intakes. Raw water of the Ping River is taken at the Ban:Tho Intakg aﬁd
transmitted_by'pumps to both Wang Sing Kam and Paton Treatwment Plants,
while raw wafer for the Unong Treatment Plant is pumpad from an Irrigation

Canal and stored in a raw water reservoir before transmitting to the Plant.

As shown in Fig-5.5, the Ban Tho Intake comprises'screens, grit chambers,
raw water pumps and a pump house, as well as transformer, generator, and
flow meters with indicators. The major features of the grit chambers are

as.follows:

~ Dimensions: 15.0 m x 4.5 ﬁ x 1.5 m (effective depth)
- Number of Basin: 2

- Detention time: 11.1 min. (%)

- Capacity: 101.5 cu m/basin

(*) The detention time for the flow rafe of 26,310 cu m/d. The £low
rate is the sum of treatment.capaéity of the Paton and Wang Sing
Kam Treatment Plants, inclusive of 10 per cent of the amount as

water losses.

The grit chambers are overgized about 10 % in cépacity, when compared‘wiéh
the design criteria generally adopted, and the pump'house has a épace for

installation of two additional pumps.

Because the two existing flow meters with indicators have been aut of
order, the water transmitted to'thESe two treatment plants has been esti-

mated on the basis of.pumps‘ nominal capacity .and their opefating time.

In case of power suspension, which usually DCCu£s_once a month,. electricity
is supplied to pumps by a generator. Settled grit in the grit chambers is
periodically removed and the facilities are relatively well operated and

maintained.
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A 500 mm diaméter transmission: pipeline around 3,100 w in leﬁgth'connects-
the Ban. Tho Intake to the paton Treatment, Plant, and another 300 mm_diaH
meter pipeline 4,200 m long to'the'Wang'Sing'Kam Treatment Plant. Both

pipelines are interconnected on the way to the plants.

2) Wang Sing Kam Treatment Plant

The general layout plan of the Wang SlWG Kam Treatment P}ant is shown in.
- Fig-5.6. The Treatment Plant has two separate series of treatment systems,_
cohe with a capa01ty of a0 cu m/h and “the’ other 250 ou - m/h, w1th comblned
capacity of 330 ¢u m/h or 7,900 cu m/d. As the ChlangmAL Waterworkq'
oroductlon capacity has at present a surplus of 10 000 cu m/d over demand,
this treatment plant is operated 1ntermlttently, that 18, only when the
operation of the.Umong Treatmént Plant ls-suspended.:-The-Reglonal Office

No.9, built in the lot, was expanded in 1986.

The results of the field survey indiCate:the_following‘prdbléméiah@ suqéést
that rehabilitations and improvement of.the existing facilities are imme-
diately required if the facilities are to be utilized till the térget.year
of 2010, ' ' '

(1) As the éxisting alum-dOSinq.equipmeﬁt is outdated, accﬁrate
dosage of chemicals cannot be made, corresponding to the“changing'

raw water gquality

(2) The flow meters for raw and treated water found impossible to be
read as they are coveréd by a building constructed later. With
ne chlorine'container scale, the left-over weight of chlorine

cannot be measured,
{3) Many cracks and mud balls are observed .in the fllter beds, though
they are supposed to be bhackwashed perlodltally. Mlxlng of sand

and gravel was also noticed.

(4) The distribution pumps have not been used over a long period, and

they are found unrepairable.

(5) As the treatment facility has been suspended from_opération"
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frequently over a long period; a'noticeable-amdunt of deposit is
found acéumulatgd at the bottom -of the flocculation/sedimentation

basins.

In order to properly operate and mairtain the treatment plant, the above

conditions should be rectified, and necésséfy rehabilitatiqn_be made at the
early stage of this préject,' The same improvémént and rehabilitation works
reguired for the Wang S5ing Kam Treatment Plant.can also be applied to Umong

and Paton Treatment Plants.

3} Umong Treatment Plant

As the'iaybut'plan of the Umong Treatment Plant shown in Fig—5.73111u5~
tratés, the Treatment Plant comprises, wifhiﬁ the planﬁ site of:about 82
rai (1315000 sq m), a raw water reservoir of 200,000 cu m capacit?}'twb'
sets of treatment system each having.é'treatmeht capacity of 250 cu m/d énd
1,000 cu' m/d, and houses for the plént operators?1_?resently, a plan is
underway to-constrﬁct a staff training center in the_plant_site, under the

Japanese Government's aid program.

The treated water has occasionally shown turbidities, slightly higher than
tha£ speéified in DWS,. . However, this problem can be solved if fhe'raw
water guality is properly monitored'énﬁ appﬁopfiate'chemical dbsiﬁg, deter-
- mined by jar tests is'applied to treatment. 1In view of these, the same
items as those recommended to Wang Sing Kam'Plant improveﬁent will also -
apply; to this.Treatment-Plant including_l) chémiéal dosing system, é) raw
and treated water flow meters, 3) fiiter média-and'Unaerdrain system, and

4) repair of the 1,000 cu m/h sedimentation basin drain pipe.

The 250 cu m/h capacity treatment system, planned and designed under the
treatment plant standard design'of PWA,_eMpléys-gravitational uﬁ-anddeWh
paffles flocculafion process which is h?dtauiidaily difficult to be ope-
rated under higher capacities than the designed, because of the head loss

increase.,

The 1,000 cu m/h capacity system, although applicable to increased capaci-
ties, is restricted to the designed rate by the wateér right allocation'ahd_'

the flow capacity of the Irrigation Canal.
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4) Paton Treatment Plant

As shown in Fig-5.8, in the Paton Treatmenf Plant site of 7 rai_(44;000 sq
m) located are the treatment facilitiés:of 16 400 cu m/d”capacity”and
~Chiangmal Waterworks Office. The treatment plant productlon capa01ty can
be increased by about 25 percent of the design output, accordlng to the

updated PWA design criteria.

Accordlng to the avallab]e records of treated water quallty, the turbldlty
sometines exceeded the DWS when the raw waler turbldlty=was hlgh. However,
if the raw water quantily is correctly measured, jar tests are frequently
made, the determined chemiéai‘dosage is kept and the plant:opefation is
properlv made, the Plant would be able to produce the water. of ééceptable

quality.

The planmed increase of -watex production in future will be achievedfby
improving and rehabilitatihg the existing facilities as enumerated in the

following:

(1) The Alum pumps and Lime solution: tanks are deteriorated and
liable to breakdown. These are unlikely to fit for long use and

should be replaced by new equipment.

(2) As the meters measuring raw and treated water flow rate and water
level gauges of the reservolir have been broken, the raw and
treated water are not measured ‘but are ‘estimated by the duratlon

of pump operation. The meters should be renewed.

(3) As the sedimentation basin is hot'provided_with baffles, the
density currents occur in the basin, causing floc'carry—overjas
-freqﬂehtly observed. A simple device to contxol'the flow condi-

tion is planned.

(4) There are cracks and mud balls in the filter beds. The'sand_is_

‘replaced.

(5} Because the valves for backwash of filter media and surfacé_pibe=

control are manually operated and also the water pressurés are:
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