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PREFACE

In réspdnse to the request ol the Government of the Kingdom of
Thailand, ﬁhe'Jépanese Government decided to conduct a feasibility
study on the'Sagitary District Water Works Project and entrusted the
study to the Japan'International Cooperation Agency. J.IL.C.A. sent
to Thailand a survey team headed by Mr. Satoshi Kadowaki from
October,'1984 to Sepiember, 1985,

The team exchanged views with the officials concerned of the
Government of the Kingdom of Thailand and conducted a field survey
.in the Wortheastern Region of Thailand. After the team returned to

Japan, further studies were made and the present report has been

prepared.

I hope that this report will serve for the deVelopment of the
Project and contribute to the promotion of friendly relations

between our two countries.
I wish to'express my deep appreciation to the officials

concerned of the Govermment of the Kingdom of Thailand for their

close cooperation extended to the team.

February, 1986

S At

KEISUKE ARITA
President
Japan International Cooperation Agency






Mr. Keisuke Arita - February, 1986
President

Japan International Cooperation Agency (JICA)

Tokyo, Japan

LETTER OF TRANSMITTAL

Dear Sir,

We are very pleased to submit herewith the Final Report on the
Feasibllity Study and Manuals for the Sanitary District Water Works
Project in the North Eastern_Region of Thailand.

The fieid suxrvey and study-havé been conducted in two stages
October, 1984 through February, 1986. The Study Team has completed
the feasibility study of the pfoposéd ten sanitary district
waterworks projects, and prepération of the design and the
operaticn/méintehance manuals on the sanitéry district waterworks as
well as recommendations on improvement and rehabilitation of

existing waterwork systems.

The Report comsists of three volumes: Volume I - Main Report
of the feasibility study, @roviding the results of study and
analysis; Volume il - Appendices of the feasibility study, providing
the detailéd information on the technical and socic-economic
aspects; Volume 11T —'ﬁanuals and Recomﬁendations, covering the
design manual, the operation and maintenance manual, and

recommendations on the improvement of the existing facilities,

We do hope that realization of the proposed sanitary district
waterwork projects can greatly contribute to the social and economic

development in the subject sanitary district areas.

Finally, we take this opportunity to express our sincere
_gratitude to the Public Work Department of the Government of
Thailand, Ministry of Foreign Affairs, Ministry of Health and



Welfare of the Government of Japan, and the Japan International
Cooperation Agency (JICA), especially for Japanese Embassy in the
Kingdom of Thailand and Advisory Committee which gave useful advices
from time to time to the Study Team.

Respectfully yours,

Satoéhi Kadowaki
Team lL.eader for the Sanitary
District Water Works Project
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CHAPTER I. INTRODUCTION

1.1, Authorization and Report

The final report of the feasibility study on the Sanitary
District Waterworks Project in the Northeast Region of Thailand was
prepared in following aspects agreéd upon in the Scope of Work
concluded between the Government of the Kingdom of Thailand and the

Govermment of Japan, on July 27, 1984.
The report covers the following four major subjects:

- The feasibility study on the waterworks for ten selected
sanitary districts :

- Design manual of the sanitary district waterworks project

- Operation and maintenance manual of the sanitary district
waterworks systems

- Recommendation. for improvement and rehabilitation of the
existing sanitary district waterworks system

The final report consists of two parts; the first is two
volumes which consist of a feasibility study report, composed of the
main text and its appendix, and the other part is a series of

manuals and recommendations for existing waterworks.

The feasibility report was prepared based on the field survey,
review of the data and information available, elaborate study and
analysis, a series of discussions between the Thai authorities
concerned and the study team, and the interim reports as well as

progress reports prepared in the course of the field survey.

-1-



1.2, Scope of the Study

Thé'S£udy is comprised of two phases; the fifét phase,inc1uding
information and data coliection and preliminary field survey
necessary'for:;he selecti0n bf target.Sanitafy Districts and the
'sécohd.phasé including feasibiiity study of the selected Sanitary
' ﬁistfict5=and'a11 tﬁe other works necessary to achieve the

cbjectives,

The folléwing study was carried out on the 14 Sanitary
Districts during the first phase.

"~ - Data collection and analysis
- Study’ of socio-economic aspects _
- Projection of population and water demand
- .Review of present status of water supély
- Review of water sources using existiﬁg_data
- Preliminary planning of water sﬁpply systems

— Preliminary design and cost estimateﬂhecessary_for
selecdting Sanitary Districts for the feasibility study

Based on the studies made in the firstfphasé, approximately 10
Sanitary Districts out of the 14 were to be selected for the

detailed feasibility study.
The items to be studied in the_secoﬁd phase were as follows;

- Definition of the progect area

- Projection of populatlon to be served and water demand
- - Study of water sources

- Study of required fac111t1es and their layout

- Preparation of design criteria

- Study of available construction materials, labor force and
local contractors

- Cost estimate for constructien, operatlon and maintenance

- Study of water tariff system



- Stﬁdy of organization, operation and maintenance plan
- Economic and financial amnalysis

- .;PrépafAtion of.implementainn program

- Stud?zof community participatioﬁ

- Recbmméndatiou for improvement of existing facilities

- Préparation of design and operation maintenance manuals
1.3. Background of the Project

The Kingdom of Thailand covers an area of about 514,000 sq.km
on’ the IndofChiné Peninsula. The population in 1982 was estimated

.about 48 milliQn and has been increasing at rate of 2.3% per annum.

Four mnatural regions are delineated by the pattern of rivers

and mountains; North, Central Plain, Northeast and South.

There are a total of 712 sanitary districts in the country at
pfesent. 526-Sanitary-districts out of the total have the
waterworks. The inhabitants in these sanifary'district without
watérworks; especially in Northeastern region, have been suffering

from water scarcity.

Even in the sanitary districts with waterworks, inhabitants
also suffer from insufficieht water due to rapid growth of demand,
inadequacy of raw watef'sources; old tranémission'and distribution

pipelines, defective ﬁechanical equipments etc.

Due to poorer and,lowér living. standard, to the higher degree
of scarcity of water when compared with other'regioﬁs and to the
'necéssity of promotion_df security and political stability, the
Subject Project wiil»eﬁphaéiée on the utgent_constructipn of a

public water supply SyStem in the Northeastern region,

In response to the request of the Government of Thailand, the
Government of Japan decided to implement a feasibility study on the
Sanitary District Waterworks Project in the Northeastern region of

Thailand.



1.40

Assipgnment and Counterpart Personnel

The féllowing is the list of the members of the adviéory

conmittee, the members and their assignment of the study team and

counterparts personnel contacted for the feasibiliﬁy study on the

prdject.

(1)

(2)

(3)

Advisory Committee
Dr. Hidenori Aya

(Chairman)

Mr. Tsutomu Sakagawa
(Water Resources)

Mr. Shojiro Abe
(Water Supply Facilities)

Planning and Coordination

Mr, Mitsiao Kinjo
(Coordination)
Study team

(a) First Phase
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Mr. Akira Naofsuka
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(b) Second Phase
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Chief of Technical Section, Water
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Cooperation Department, JICA

Team Leader _
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Hydrogeologist
Facillty Design Engineer
Facility Design Englneer

Pro;ect Economist



(4) Counterparts Personnel

Mr.

Mr.

Mr.

Mr.

Mr.
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Mr.
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Chaiyong Khnongkhaudom

Vichai Chatsuwan

Director General, Public Works

Department (PWD)
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Department - (PWD)

Chief of Technical and Planning
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Chief of Water System Development
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1.5. List of Subject Projects

‘The following are the new Sanitary Districts without water

works (NSD) and the Existing Sanitary Districts with water works

(ESD) that were proposed by the Thai government for study.

(1) New Sanitary District (NSD)

(a) First Phase

Code No. SD Name - Changwat Amphoe
2 Rong Kham Kalasin _Kamalasai
5 Kham Sakae Sang Nakhon Ratchasima Kham Sakae Sang
6 Nong Bua Lai Nakhon Ratchasima Bua Yai
7 BHuai Thaleng ‘Nakhon Ratchasima Huai Thaleng
8 Nong Ki Buriram Neng Ki
9 Hin Lek Fai ' Buriram Khu Muang
10 Huai Rat - Buriram Huai Rat
11 Sai Mun Yasothon Muang
12 Khun Han _ 5i-Sa Ket Khun Han
13 Kusman Sakon Nakhon Kusman
15 . Do Khuang Sakon Nakhon Sawang Daen Din
17 Phon Charoen Nong Khai Phon Charoen
18 Nong Song Hong Nong Khai Nong Song Hong
20 Huai Kha Yung Ubon Ratchathani Warin Chawrap

(b} Second Phase

The ten NSD to be studied in the second phase were selected in

accordance with the results of the first'phase pre-feasibility

study., The names of the deleted projects are Rong Kham (NSD
2), Hin Lek Fai (NSD 9), Sai Mun (NSD 11) and Don Khuang (NSD

15) Sanitary Districts.

(2) Existing Sanitary District (ESD)

Code ¥No, 5D Name Changwat Amphoe
1 Cho Ho Nokhon Ratchasima Muang
2 Non Thai Nokhon Ratchasima Non Thai
3 Prang Ku §$i Sa Ket Prang Ku
4 Tha Kae Sakon Nakhon Muang
5 Akat Amnuai Sakon Nakhon Akat Amnuai
6 Sankha Surin Sankha
7 Ban Phu Udon Thani Ban Phu
g Khuang Nai Udon Ratchathani Khuang Nai
9 Chanuman Udon Ratchathani Chanunian
10 Khamcha-1 Mukdaha Khamcha~-i
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CHAPTER IT. REGIONAI, ADMINISTRATION

2.1. Local Goverument and Regional Administration
2.1.1. Structure of Local State Government

The local governments of Thailand consist of Provinces
(Changwat), Districts (Amphoe), Communes (Tambol) and Villages
{Muban).

The provinc1al government is a primary unit of territorlal
admlnlstratlon and is a local state government because it is a
hierarchical unit administered and staffed under the system of
:déconcentration by the national government..'Moét of the required

‘funds are provided by the national government,

The administration of a province is under the authority and
responsibility of a governor. The governor is assisted by one or
 two vice~governors, The governor aud his aSsisténts, appointed by
the Minister of Interior, are government officials of the Ministry
of Interior. There are now 73 provinces including the Bangkok

Metropolié in the country.

Fach province is divided into districts which are headed by
district officers (Nai'Aﬁphoe), who are the government officials
appointed by the Ministry of Interior through the Department of
Locél Administration. They have the responsibility for the district
adminlstration, assisted by deputy district officers, and are also

off1cials of the Ministry of Interlor.

There_are also government officials working in the districts
who represent the various ministries such as Ministry of Education,
: Ministry of Public Health, Ministry of Agriculture and Cooperative,

Hinistry of Finance, ete. and try to meet the requirements of the



district., ‘There are now 616.distric£s, some of which are furthet

dividéd into Sub»districts.(Kiﬁg Am@hoe) of 83.

In general, a districtxis'&ividéd into communes (Tambol) and
villages'(Muban). A'éommune‘is.hééded'by a commune headman (Kémnan)
and a village is headed by wvillage headman (Poo Yaiban). Tﬁey are
elected by inhabitants within their territéry, however they are

under the direction and cont:ol of the district officer.

The commune headman is assisted by a deputy who is chosen by
the commune headman with the-aﬁproval of the'district offiéér and
the provincial governor. :The'village headman has-the similar &uty
and function as those of the commune headman. He is-aésisfgd by two
assistants chosen by Himself and épproved by the commuhé.headman and’
the distriet officer. There are 6184 communes and 55,772 villages

now in Thailand.
2.1,2, Unit of ﬁotal_Seif Government

The local autonomy is characterized by the concept of

decentralization and is organized as follows:

- Provincial Administration Authority'
- Municipal Government

- Sanitary District

-  Spectal Locél Self:80vernment Units
- Bangkok Metropolitan Administration

- City of Pattaya
(1) Provincial Administration Authority

The provincial administration authority is cowmposed of two

bodies; one is the legislative body and the other is the executive
body. '



| A provincial council is the legislétive body. It 1is composed
of 18 to 36 members depending'uﬁon.the numbér of the people in the
prdviﬁcé. Tﬁé council members are elected from évery district in
the province by five year term. The regular session is held once a

year for a period of not more than thirty days,

The executive body of authority is the governor of the
province. There are several divisions and sections under the
- supervision of the governor, which are determined by the authority.

' The major powers and duties of the governor will be:

- Providipg cléan water, markets, ports, ferries, cemetery
ground and crematories

- Promoting occupations for local inhabitants
-~ Providing and maintaining medical services

- Providing and maintaining electric works or other lighting
facilities.

- To administer all of these functions, the authority is allowed
to make a budget allocation and also allowed to collect revenue such
-as taxes and feés, income from provincial property, loauns,

grants-in-aid, donation and others as épecified by law.
{2) Municipal Government

The municipal government (Tesaban) is one of the local self
governments, which is headed by a Mayor with some assistants and an
assembly. There are 123 municipal governments established now in

the urban areas.

The mﬁnicipal governments are divided into following three
classes; such as. city municipal (Tesaban Nakorn), town municipal
(Tesaban Muaﬁg), an¢ commune municipal (Tesaban Tambol). The class
of thé.muﬁicipél is determined by total population and population
deﬁsity in the relevant area and the amount of tax revenue available

for the self government. A municipal government must set up



required facilities in each area where the prpvincial-a&mihisﬁration

office is located.:

‘The mayor and his assistants must be members of the municipal
asSemBly who are elected by the local people. They have the power "
to determine the policy and administration of municipal.-area. The

head and clerks of a department are the municipal employees.

AIMOnicipal‘aséemblf'is compbsed of meﬁbers ﬁarYing in nuﬁber.
For example, afcity'municipél assembly has tWentyufbhr'mémbéré while
that of a town has eighteen and a comnune has twelve.respectively.
Assembly members are elected by the local people by five¥ygér term.
The primary functions of an assembly aré to enact the by~ laws, to
approve the- munlcipal budget and to control the executives in the

administration.

The problem is that there are many compulsory and optional
functions/duties of the municipal government with low revenue and
budget. The revenue sources of the municipal government are almost

in the same categories as those of the provincial government.
(3) Sanitary District {SD)

A Sanitary District will be established, enlarged, reduced or
eliminated by the orders of the Minlstry of Interior. 'Sanifary

. Districts have been developed with some historical background since
the formation of the Bangkok Sanitary Distrlct which was
establlshed in 1897. The organization, major duties and functions

of a SD are discussed in the next section.
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2.2, Organization and.Functions of Sanitary District
2.2.1. Organization of Sanitary District

Unlike a Changwat and Municipality,__ the organization of a SD is
not separated into leégislative and executive arms. The _
administration of a 8D is under the responsibility of the SD Board

composed of members who represent following three categories.

.~ Ex-Official members: District Officer, District Chief of
Police, District Public Health Officer, District Treasury
Officer, all of the commune and village headmen.

- Appointed member: one of Deputy District Officers acting
as SD Clerk (administrative chief).

- Flected members: TFour qualified villagers elected
directly from the local people and serve for four-year
term.

Sanitary Districts

Sanitary District Board

A. Ex-official Member
B. Elected Member
C. Appointed Member

[ | 1 ]

Division Division Division Division

2.2.2. PFunction and Revenue/Budget Procedure
(1} Function

The functions of a SD as referred to in the Sanitary District

Act of 1952 are given below:

- Provide ‘and maintain roads and watervays

- Provide and maintain drainage system-

~11-



T Keep roads, sidewalks and public places clean
- Refuse ‘and garbage disposal

- Prevent and suppress communicable dlseases
- Provide clean water or water supply .
- Provide slaughterhouse : _
- Provide market, ferry aﬁd.herbour faeilities
- Previde cemeterles and crematorla

- Provide and malntaln electricity or other 1ighting
facilities .

- Prevent and relieve narural disasters

- Prqvide'flre fighting equipment

- Provide and maintain medlcal centres

- Promofetpeopleﬂs educa;ion

-  Provide and promote people's employment

- Provide and maintain sport, recreation facilities, public
parks, zoos and people's meeting places

- Prbﬁote movements for extending religion, culture and
ethics.

- Provide necessary public utilities
- Promote commercial activities

- Promote other necessary Sanitary District activities for
the benefit of people or duties stated by law.

(2) Revenue and Budgeting Procedure

To perform all of these functlons, a SD has the following
sources of revenue in accordance with the Sanitary District Revenue

Act of 1955:

- House and land taxes

-~ Animal slaughtering'tax
- 'Signboafd tax

- Local development tax

- Supplementary taxes and fees at a rate of not more than 10
percent of all or some of the following:

[+]

Business Tax

° Commodity purchase tax
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3)

Liquor tax

Liquor sale licence fee
Gambling licence fee
‘Beverage tax

Entertainment -tax

— - 25 percent of the motor vehicle and wheel convéyance taxes
and fees

~ . 50 percent of the municipal developmeht tax
- Subsidy from the national budget

A 8D's budgeting procedure is shown below:

District Offiéer and SD Clerk

request for submission of the estimated budget for next
l fiscal yearﬁ

Sectoral Divisions

¢ subnission of the budget proposals

SD Clerk

¢ submission of the budget proposals

SD Board

¢ _submission for the final approval and signéture

Changwat Governor

Speciéi Issue

The SD Board, chaired by the District Officer, is authorized to

control and take responsibilities as stipulated in the Sanitary

District Act. The Board has power to enact the Sanitary District

ordinances to comply with its functlon or as stated by the Act. A

meeting is held at least once a month to deliberate its activities.

The Changﬁat Governor has the authority to control and

supervisé the SD, He can withdraw or discontinue the activities

which are against the 1aw, of public peace and order. He has also

the power to suggest, recommend, investigate and interrogate

documents and personmnel of the SD Board.
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2.3. Agencies Concerned with Waterworks Project
2.3.1. Urban Water Supply Agencies '
(1) Metropolitan Waterworks Authority (MWWA)

Bangkok Metropolitan ﬁatér'supply is under:the full
responsibility of MWWA which is a state enterprise established in
1967, -

(2) Provincial Waterworks Aﬁthority (PWA)

PWA is responsible for public water supply serving some of the
Municipalities and Sanitary Districts. PWA which is a state.
enterpriée was established in 1979 with integration of divisions of
the Provincial Water Supply Division of PWD and the Rural Water
Supply Division of Department of Health {DH)f .

(3) Department of Public Works (PWD)

Provincial Water Supply biviéion (PWSD) was'eétablished'ﬁnder
the name of Plumbing Division in 1933 as one of the centralized
divisions of PWD which Belongs to the Miﬁistry:of‘lﬁterior, with the
Primary functions to develop and carfy out the general waterworks

system of the country.

As introduced in para. 2.1, PWSD has the fesponsibiiity for
implementation and regulation of the following two tasks after the
establishment of PWA in 1979: |

- To survey, design and control the waterworks owned by
Municipalities, Sanitary Districts and private sector,
including the examination and renewal of permit and

_concession issuances in accordance with the Revolutionary
Party Order No.58; and,

- To survey and design the waterworks system for the
governmental agencies as requested. -

14~



2.3.2. Rural Water Supﬁly Agenciés

Sixteen (16) governmental agencies under six ministries are
listed in the Table E~2—2 in Aﬁpendix E, and they are responsible
for a rural water supply scheme. A small-scale water resources
are geherally developed to include water for agricultural, fishery

and livestock use as well as for household use.

_ of the sixteen agencies, only twelve agencies are responsible
for the provision'df water supply for drinking and domestic
éénsdmption in addition to the agricultural water use. The services
'of:anothér fouf_agehcies_are confined to the specific project sites
under the Jurisdiction of their authorities. Consequently, eight
‘agencies areiehgaged directly in the rural water supply services for

drinking and domestic consumption throﬁghout the Kingdom.

PWSD, which is a couﬁtefpért and also an execufing agency for
the subject project study, is one of the major execution agencies of
rural water supply projects. PUSD is divided into four
.éﬁbdivisions, being Administration, Technical and Planning,
Waterwork System Development and Deep Well Drilling Work
Subdivisions. The total number of the PWSD officials is 373, im
which 3! civil eﬁgineers and 81 civil techmnicians are included. It
seems that such manpower WOﬁld be sufficient enough to carry out the
development of programs and. projects at the present budget

allocation level.
2.4, Government's Development Policy of Waterworks Sector
2.4.1. Decentralization and Urbanization of Sanitary Districts

The Fifth Five-Year Plan (1982 — 1986) has proposed a
deﬁelbpment étrategy that would shift the emphasis of development
from 1argé urban areas to rural ones. This would diffuse the
effects of gfowth by decentralizing_ﬁhe_economic activities to the
rural regions, thus giving the larger cities a reprieve from

uncontrollable population growth.
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An éffdtt.has been made to establish and develop regidng1 urban
growth centers and sub—ceﬁters in all the reglons so as to ﬁromcte
the structural adgustment program in agrlcultural and industrlal
decentrallzatlon, as: well as to bring about a better balanced growth
in the "Urban System" in the future. This 15 made in congunction

with a plan to develop the Bangkok Metropolis.

This decentralization effort will be necessary 81nce the _
_forecasted population growth for large urban centers during the next
ten years, will be accelerated at a much higher rate. Without
proper plannlng, it is clear that there will be mass mlgratlon to
'the Bangkok Metropolls, which would cause problems of congestion and
deterioration of the city, far more serious than experienced to

date,

The Fifth Five-Yéar Plan intends that such economic bases as
regional urban growth centers and sub-centers will serve as
employment generation centers so that the export-oriented
industries, commerciai activities and other smail—scale services
induétxies can be actively‘assisted. Agricultural activiﬁies
surrounding the regional centers will also be encouraged. With this
development concept, it is expected that the urban actiﬁities in the
regional urban grow;h centers or namely, Sanitary Districts, which_

will have a characteristic as in-between "Urban" and MRural” will be
.encouraged to grow vigbroﬁsly in future. .In concurrence ﬁith this
growth, the related water supply services should be properly

improved to promote the urban activities as mentioned above.
2,4,2, Development Policy of Waterworks and Its Assessment

Tt is a common observation that among villagers, rainwater
ranks high in their preference for drinking water sinée the tasté is
of primary importance to thém. This s not a proﬁlem during the
rainy season, but during the dry. season, the iocal'people have to
use other sources for drinking purpbse._ Shallow wells dr ﬁonds are
the preferred sources in such circumstances, But these often’ dry up,

and the people are forced to walk a long way to get water. This
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well watér-is also often found to be unsafe. Taking into.account
this hébit‘bf water_ﬁse by ruralzpeoplé, it can be observed that a
majorify of the masses, including those in the Sanitary Districts
‘'without waferworks, can not obtain-safe drinking water. The
original program objectives, as expressed in the 1964 Cabinet
Reéolution, of helping_to prevent diseases by providing adequate and
'safe?water.for consumption on a year~rouhd basis have not yet been

_achieved,

On the other hand, it appeérs'that the sanitation is much less
of a problem for the peoﬁle than the water sﬁpply. The Department
of Health reported in 1981 that there were about 2.6 million
pour;flush'1atrines'instélled throughoﬁt the cbuntry, serving 41
percent of the total number of households outside Municipalities.
In addition, provisions have also been made for biogas digesters as
early ésgl971; and for_dohble-vauit_compbsting.pour~fiush latrines

in the current development plan.

It should be emphasized that one of the overall development
objectives of the Thai Government is the raising of the quality of
life for the rural population, and one relevant means to achieve
this goal is the improvement of public health through the provision
of a safe water supply and sanitation services, Vigorous efforts
have been made in the ‘past to extend these basic services; however,
a considerable number of liouseholds still lack access to clean water
and toilet fécilities, and this Sitﬁation exposes them to a wide
range of water-borne and relatéd diseases which can limit their

economic productivity.

Definite such efforts of the Thai Government, with respect to
the provision of water supply and sanitation services fo the rural
population, have been outlined by the standing policy proposed in
the current economic plan. By the time the Fifth Five-Year Plan
(September, 1986) is completed, 95 percent of the rural popuiétion
should have accesé to an adequate and evenly distributed potable and
domestic water sﬁéply, and that 70 percent of the rural households

should be installed with pour-flush latrines.
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The preliminary study report on the Immediate Improvement and
Construction of Sahitary District Waterworks Project (ICSDP)
preparéd:b§ PWSD in :February 1982 clearly States'thaf-the major
objectives are to upgréde the standard and quality of living of the
people in the Sanitary Districts in accordance with the Government
policy. It is recognized that this is one of the approaches in. -
connection with the achievement of the Government's planned policies

as introduced above.

The ICSDP, which promotes the efficient and substantial
provision of adequate potable water supply services for the six
million people living in the Sanitary Districts throughout the

country,'eXpected the following additional benefits:

- To speed up the improvement of socio—economic conditions
" through the provision of basic infrastructure, in the
Sanitary Distriets, which are expected to grow as the
regional urban centers in future;

- To eliminate migration of peoplé from Sanitary Districts
to urban areas and thus to control urban problems; and,

- To improve the community sanitation, and thus increase
the hygienic and health benefits for the people in the
Sanitary Districts.

In line with the above—ﬁentioned'sector policies, the Thai
Government has taken up this subject Project as the first step to
examine and assess the technical and economic feasibility for
improvement and development of the Sanitary Districet Waterworks iﬁ
the Northeastern Region. This takes into account the various
factors involved such as the high degree of water scarcity, as well

as, the promotion of security and political stability.
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CHAPTER T1I. PROJECT AREA

3.1. CGeneral Features of Northeastern Region
3.1.1. General Features

The méin gedgraphical feature of the Northeastern region is a
high plateau known as "Khorat Plateau" being about 100 to 200 m
above sea level. This vast plateau is separated from the central
plain and alsc an isclated part of the coumtry by the Phetchabun
rangé, the Dong Phaja:Xen range and the Phanom Dong Rak range. The
léndscaﬁé is=sioping from west to east towards the Mae Khong river
which is the natural border line of Thailand and Lao People’s
Demdcratic Républic, 'The ‘total area of the Northeastern region
comprising .17 provinces {Changwat), is abouf 170,000 sg.km or 32.9
percent of the total land éfea'of the country. The regional
poﬁulation was l2.8'million in 1970, and 15.1 wmillion in 1976, and

increased to 16.7 million in 1982 or 34.2 percent of the nation.

The Northeastern region has usually been regarded as the
problem area of the Kingdom with a backward economy, low per capita
incomé, limjited traﬁsport facilities and other factors such as
irregular distribution of rainwater, poor soils and severe weather

which are all obstacles to economic and social development.

On the alluvial plains and the_iower parts of lower terraces in
' the Northeastern region, most of the original forests have been
removed and the land is used for growing transplahfed paddy. In
these areas, the paddy fields are flooded by impounded rainwater
being largely dependent upon unreliable rainfall during the wet
season, and Qniy.qne crop per year can be grown. In some areas,
'ifrigatibn_water ié_usedfeither.from-dams or ﬁahks, but the total
area of irrigated land 1s very small. Available information has

identified that.people.in the Northeastern rural area work in the
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field only less than 200 days per year. Afféfifhe wet paddy
harvésting; a large number of the rurai'peopie migrate to various
cities or areas iIn order:to get 'a job or to seek job opportunities..
This alsoe creates the 90cioéeconomic problems not only in the o

Northeast, but in the Kingdom.

In a broad view, the improvement of condit1ons in the
Northeastern agricultural sector, which includes about 77 percent of
the population of the Northeastern region and 38 percent of the
gross domestic ﬁroduct'in 1982, is very éomplicﬁted from a long-term
view. Although‘muéh remains to be done, ﬁhe existing development
programs are making gradual_prdgregs:énd.slqwly influencing'the
rural communities. It-can-be.summarized that the natural state of
the Northeastern region is in generally full’of'disadvantages and,
though it is possible to survive, the rapid-progréSS'tbward genefal
well-being of the popﬁlation réqﬁires a substantial monetary
investment. This investment should place a partiéular.emphasis upon
water controliand_basic social infrastructure, which éould lead to

science~based agriculture, thus eradicating severe poverty.
3.1,2. Meteorology and Hydrology

The Northeastern region is subject to thé tropica1 monsoon
climate in the Southeast Asia. The Southwest monsoon (mid-May to
September) flows out of the Indian Ocean often with heéyy rains; _
while the Northeast monsoon (Nbvember to February) from the mainland
China creates.an extended dry spell. Two transitionalzperiods are
called the retreating Southwest monscon périod in October {cool) and

the retreating Northeast monsoon periocd in March to May (hot).

The Southeast monscon cartries moisture-laden air northeastward
towards and across the Khorat Plateau. It dees not bting’cdntinubus_
rain to the region. The monsoon rainfall consists p:iﬁariij-bf the
localized shower with the frequency, concentration and intensity

dependent upon time and the month and the year of its season, -
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Attehtion_should be paid to the dry periods which frequently.occur
in June or July normally lasting 15 to 20 days. It has been said
that the Lower Northeastern region has often suffered from the

influence of heavy rainfall originated from the typhoon,

The_ﬁeteotological_data that has been collected at five
repreéentafive sites in the region for 30 years (1951 to 1980) are
summarized in Appendix A.l. The average annual rainfall in this
' region, rahges from 1,800 mm in the northeastern part of this
region, to 1,100 mm in the southeastern pért near. Nakhon Ratchasima.
This is as high as in other regions, but it is unevenly distributed
thrbughout the year. Since the soil can not conserve such a large
amuuﬁt of water énd humidity, about 80 percent of the total rainfall
during the higﬁ peak_period, normaliy in late August to early

September, always quickly flows down to the Mae Khong River.

The major surféce water resources of the Northeastern region
are the Mun.and Chi Rivers which originate in the watershed area in
Changwat Nakhon Ratchasima and Chaiyaphum. Besides, there are some
other rivers scattering in the region, viz, Loei.River, Song Kham
River, Don River, and so forth. Most of them flow through the
central lowland of the region and then downward to fhe Mae Khong
River. The fluctuation of the river discharges between the rainy
and the dry seasons is considerably lafge, and the rivers with less

drainage area are completely dry dp in the dry'season.
3.1.3, Sbciety and Economy

The primary function of the urban centers of the Northeastern
region 1s td provide trade and service facilities to the areas
surrounding them. Many of the larger urban centers such as Khorat,
Khon Kaen, Ubon and Udon are also the_traditional seat of
-édminiStration-at the Changﬁat level. Before fhe advent of modern
bommunicatiOn; each urban center enjoyed continuoué growth according

to the pace of natural population increase, immune from new
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competition from other centers by the sheer physical distance

separating them,

Early in this century, the railway system in the Noftheést was
built with Khorat at the southwestern corner as fhe junctibn'of two
branches running to the railhead for one of the branches and the
eastern apex of Udon for the other. The rallway has enabled the
three major centers to- extend their sphere of influence, and
_eventually to the respective major centers. This trend is
particularly favoureble to Nakhon Ratchasima, the focal point of
rail network, as its traditional gateway'rolelhas become further

emphasized.

. The other revolutionary change in the field of urban
development in ‘this region was brought about by the’ constructlon of
the Friendship Highway 1ink1ng both Udon Thani, and. 11nk1ng Ubon -
Ratchathani with Nakhon Ratchasima . This road network development
was extended to Sakon Nakhon. The Khon Kaen - Chumphae Road was
also constructed, allowing the trade of Loei and Chaiyaphum and also

provides an alternative route to the central plain via Lom Sak.

The latest phase of urban development in the Northeastern
region was the establishment of sizeable air ports. A large number
of people got the opportunity for employment, and therefore, the
construction work was provided by the public and private sectors.. .
The increased efficiency of communication and transportation systems
has enabled both the traders and retailers in various perts of the
region to draw their supplies directly from Bangkok.and thereby
helping the capital city to penetrate deeply into the hinterland of

the three major secondary citles of the region.
The development of the Northeastern region for the last decades

has achieved an expansion in every economic sector, especially

agriculture, industry, transportation, commerce and services.
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Consequentiy, the per capita Gross Regional Product (GRP) has
increased 5.9 times, rising from B1,082 in 1960 to B6,390 in 1982,
However, the Northeastern region‘s share of the GDP, which was 17.0
percent of the Gross Domestic Product (GDP) in 1960, declined to
12.8 percent iﬁ 1982. This is primarily because the agricultural
sector's 0utput;,wEich was the:main source of economic production of
the region, accounting'for;half of the GRP in 1975 was generated by
the expansion of agricultural land. Recently there has been no room
for_furthér expansion in the region. Infertile and marginal land
_has been réédtted but result in low yields. It is, therefore,
necessa}y to develop'this low yielding agricultural area as well as

those areas with deteriorating natural resources,

Structure of the 1982 GDP at current'price is summarized in

Table 3-1-1, in compariéon with that of the whole Kingdom.

Table 3-1-1 Gross Ragional Product in the Northeast
' ' ~ at 1982 current prices -
' ", (Unit: willion of Baht)

. ) Northeastern Region Whole Kingdom
Industrial Oxigim - Product % Product _ %
1. Agriculture 38,561 35.2 177,152 - 20,6
- Crops 29,389 26.8 129,825 15.1
- Livestocks 6,949 6.3 22,227 2.6
- . Fisheries 1,219 S | 13,544 1.6
- TForestry 1,004 - 0.9 11,556 1.3
2. Mining and Quarrying 820 0.7 15,703 1.3
3, Manufacturing 8,807 3.0 177,147 20.6
4, Construction 6,447 5.9 44,821 5.2
5. Electricity and
Water Supply 975 0.9 12,353 1.4
6. Transp9rtation and : 7,719 7.0 63,683 8.0
Communication .
7. Wholesale and
Retail Trade 21,822 19.9 167,605 19.5
8. Banking Insurance ' :
and Real Estate 3,192 2.9 61,182 7.1
3. Ownership of 1,092 1.0 9,874 1.2
Dwellings o ]
10, Public Adminisgration 7,960 7.3 37,032 4.3
and Defense
i1, Services = . ‘ 12,209 C1l.z 86,819 10.2
" Total (GRP and GDP) 109,604  100.0 858,371  100.0
o . (12.8)* }
" Per Capita GRP and GDP 6,390 17,702
(Unit: Baht) (36.1)%*

Note: # ... Whole Kingdom = 100
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3.2, Subjéct Project Area
3.2.1. Social Background

If_has been observed in the field that the SD is'generéily' _
uﬁdér_developed as the socio-economic core of the surrounding rural
_afeas; There are several pﬁblié facilities such.as séhoolé,”
sanitation centers, police stations and temples 10cated_within the
SD which seems to COhtribufe.to.the rural people for improving their
welfaié, sanitation, education and séfety; and so on. Also the Sb
is pla&ing'an important role aé the:cgnﬁer for mafketing of various.
commodities for the surrounding rural areas, but fhe-activities b§ '

private commercial/manufacturing enterprises are rather few,

Farm househblds.in the said 14 SDs account for ﬁbre'thaﬁ half:-
of the total, having an annual income per houséhold of ¥10,000 to
360,000; There is uneven distributién-of income; therefore,'if can
‘be said that in the SD with the agriculture—orientedIdevelopment
area in its vicinity, the séale of economic activities would be one

of the key factors in providing waterworks in the related SD area.

The information of the subject project is summarized in Table
3-2-1.

3.2.2. Domestic Water Supply

Rain water is the major source of the drinking water in moét of -
the SDs. FEach and every household has its own jar for storing rain
water. The big jars can store the water more than 3.0 cu;m, and the
househoids earning the higher income have a several rnumber of such
jars. Through each districts sanitation center, the ﬁepargment of
Heaith has_Been promoting the use of rain Water,-sﬁqtéd.in-jars for
drinking purposés, instead of water taken fronm shaliow Welislér .
ponds. There is élso a campaign which has been undertakeﬁ for

upgrading the quality of drinking water through the proper guidance
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in the sanitary pfeservation of drinking water in jars. The reasons

_backihg up the campaign canr be briefly referred to as follows.

For those SDs, where the population have increased

remarkably, raw water derived from shallow wells is

getting seriously polluted. Toilets have not been
popularized and there is no treatment made on the domestic
water after use, therefore, the.use of polluted raw water
is not favorable.

People have a preference for rain water for drinking.

' Where there is no shallow well available, péople have to carry

their water from the neighbouring rivers and/or ponds for a distance

of anYwhere between . 500 and 2,000_m. Sometimes, there are the cases

of water'transportatioh by a specialized carrier, that charge a fee

:aﬁgihg from B5 to B25 per 200 liters.

3.2.3. Sanitary Conditions

(1) Samitary Environment

The Departﬁent of Health takes the administrative

responsibilities of sanitary environment conservation for each §D.

There are nine Sanitary Region Centers in the whole Thailand. In

the Northeastern region of Thailand, No.3 Center (Nakhon Ratchasima)

and No.4 Center (Khon Kaen) are providing the sanitation service,

(a)

Human Waste Disposal

The instéllation ratio of water closets in ESDs is 54
percent and in NSDs, 50 percent; that is, the former is a

littlethigher. A vacuum car dispatched by the nearest

'municipalities, rotates to the local districts for
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(b)

(c)

(d)

(e)

cbllecting wastes sludge once a year. A final diéposal
plant in the'Northeastérﬁ’fégion is located in Udon Thani.
Waste sludge carried to the plant are kept there for about

. one month to be used as fertilizer.

Waste Disposal

Theré are individual or public waste boxes for collecting
fecal wéate oﬁ the:foadside. The Waste colleéfbrs,'with
manpower—drawn cars with some addltlonal workers, collect
wastes and put them in a dumping site in the SD to be
burnt or 1eave them as they are. Accordlng to the data,

the SDs do not have even a simpl1fied incinerator.
DPrainage of Individual Houses

Individual houses discharge waste water to the fields in
SD through a sewerage pipe (400 m/m - 600 m/m in diameter)
installed under the road or in the road ditches. There

are six NSDs that discharge waste water to a river.
Cleaning in SDs

Cleaning in the SDs is madé by disinfecﬁing the waste

boxes after the waste is collected by workers.
Insect Control

Insect control in the SDs has been made b§ spraying
pesticide before the rainy season. Every SD,'howéver,'has
not practiced such insect control, Three of the 14 SDs
have not practiced the services-dﬁring_the &ear, whereas,

three SDs have practiced it over two times a year.
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(2) Water—bérne Diseases

The intervieﬁ survéy on the occurrence of water-borne and
water-related diseases in the 8Ds was conducted at the Health Center
of each.SD. Thg'diseQSe occurfence fréquency was studied on the
basis of the data available in Amphoe. The data are only available
fot_the last year qf:two. As the result of this investigation, it
was fduﬁd'fhat the number of cases of diarrhea is incessant. The
numbér'of casés of Enféric Fever, Hepatitis, Typhoid Fever and Scrub

Typhus are shown in Table 3-2-2,
(3) Public Health

‘According to the Fifth Five-Year Plan, one public hospital will
bé cénst%uéted in eacﬁ Amphoe until 1986. As for NSDs, most of
Amphoefhave hospitals except‘Rong‘Kham_(ﬁSb-Z) in which a hospital
is under Construétion. In the ESDs, every Amphoe has a hospital
including Non Thai (ESD-3) where constrdcﬁion‘has been'cbmpleted to
aﬁait the commenéementlof activities. The heélth centers ﬁhich are
staffed by a public midwives and of health nurses give medical
consultation to pregnant women and teach guidelines health,

sanitation.
3.2.4. SbCiO“ECDnomiC Conditions
.(1) Area of Agricultural Land Around SDs

In comparison with the other regions, the Northeastern region
shows a higher ratic of reliahce:on égricultute in the local
economy. Table 3-2-3, shows the.total GRP for the Northeastern
region and the GPP for each Changwat related to the subject project.
According to'the table, agriculture forms 35 percent of the GRP on
an average, and as a whole, if jindustries in relation to
égriculture, including production'aﬁd processing such as seeds,

fertilizer, agricultural chemicals, rice milling and others, are
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included ‘the ratio would be: much higher. Aléo'the slze of industry
indicates the scale of employment. Most of the inhabitants in the
Project Area are directly or indirectly engaged in agriculture. The'
size of the agrlcultural zone was utilized to. determine the degree.
of economic activity around each SD A topographical map of

1: 50 000 scale was ‘used to measure the acreage of agr1cu1tural land
mainly for: paddy fields in-a radius of 5.0 km from the center of the
SD. The acreage of agrlcultural land per person was also calculated
on the basis of comparing the population of each 5D ‘and with the

area of agricultural land concerned.
(2) Distance between SD and Main Road (Marketing Condition)

The economic activity in the SD will bé expanded and developed
by the expanding agricultural devéloﬁments in'the peripheral rurai
areas. The arrangement of the road access w111 be: 1ndispensable for
smooth transportatlon of agr1Cu1tural 1nputs from urban areas to the

rural areas and outputs from the farms to the markets.
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Water-Borne and Water-Related Digease

Table 3-2-2
in 1983/84 :
. o Disease
N.5.D. Population - No. Percent
2. Rong Kham 4,886 1V 0.23
5. Khan Sakae Sang 4,816 25 0.52
6. HNong Bua Lal 3,314, 33 1.00
7. Hual Thalaeng 9,598 591! 0.61
. 8. Nong Ki 13,100 109~ 0.83
9, Hin Lek Fai 5,086 28 0,55
10. Huail Rat 3,785 32 0.85
11. Sai Mun - 6,087 78 1.28
12, Khun Han 4,178 61,- 014
13. XKusuman 5,248 72~ 1.37
15. Dong Khuang 13,460 N.A. i -
17. Phon Charoen 9,697 - 27 0.28
18, Nong Song Hong 7,914 202/ 0.25
20. Huai Kha Yung - 3,813 112= 2.94
) Total 94,982 612 .64

Nete: 1/ ... Estimated from the Data of Public Health
Genter and Offices of Amphoe and Tambon
in terms of population. '

2/ ... Including food poisoﬁing.

Gross Provincial Product of Each Changwat

Table 3-2-3
in the Martheast
- at 1982 current prices -~
(Unit: HMillion of Baht)'_
Changwat GPP Agriéulture Percent
A. HNortheastern Region .
i. Kalasin 4,257 1,786 42.0
2. YXhom Xaen 11,462 2,823 - 24,0
3. Chaiyaphum 5,435 2,256 - 41.5
4. MNakhon Phanom 4,621 1,657 . 35.9
5. Nakhon Ratchasima 16,074 4,996 31.1
" 6. Buri Ram 6,364 2,588 40,7
7. Maha Sarakham 4,541 1,713 37.7
8. Yasothon 2,735 - 981 35.9
9. Reoi Et 5,848 2,051 35.1
10. Loei 4,040 1,719 42.5
.11, 81 Sa Ket 5,733 2,210 38.5
12, Sahon Hakhon 5,248 1,213 36.5
13. Surin - 5,800 1,946 33.6
l4. Nong XKhai 4,757 1,876 39.4
5. Udon Thani 12,538 4,856 38.7
16. Ubon Ratchathani 10,151 3,190 31.4
Total (GRP) 109,604 38,561 35,2
B. Whole Kingdom (GDP) 858,371 177,152 20.6

Source: NESDB
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3.3. Re#iew of Exi?tiﬁg Sanitary District Waterworks
3.3.1. ﬁéter'Demand and Service Level
(1) Water Demand

(a) Average Daily Water Consumption

In planning the new water supply works, actual water
consumptidn in the existing Sanitary Districts is
estimated through the process of a reverse operation using

the yearly'wéter chargé_collected as the starting data.
"DWCC = (WC - BC x 12 x NM)/(MR x PS x 365) x 1,000

Where, DWCC = average dailly water consumption per capita
(lcd) .
WC = yearly water charge collected {(B/yr.)
BC = basic rate of water charge (¥/month)
NW number of water meters installed
MR = meter rate of water charge (§/cu.m)
PS = population served

it

13

According to the analyzed data in the Table A-2-1 1in
Appendix A, the consumption of water in the ESDs ranges
widely from 35 led to 106 lcd with 65 lcd being the

average.

" The average daily water consumption per capita discussed
above is the amount of water effectively consumed

exciuding wastage and leakage losses.

The average daily water demand in different scale

‘waterworks is shown In Table 3-3-1.
' The demand of the small scale concessional waterworks

fluctuates from 108 lecd to 139 lcd with 120 lcd being the

average, These figures would include the volume of
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leakagé/wastage;.ﬁhich'is equivaléﬂt'to about 50 percent
of the total'és shown.in Table A-2-2 in Apﬁendix A,
Therefore, the daily water congﬁmption per capita;
excluding 1eakagé/wastage, of the small scale concessional

waterworks, is more or less 60 lcd,

The consumers have used the water supplied from some

existing waterworks under the following circumstances.

- The water. is supplied in:the limited operation time
of 2 to 8 hours per day. '

< Rain water is still willingly used.

- Some consumers have alternative water sources such as
shallow wells,

Therefore, the figﬁres guoted ébove are rather

conservative as compared with the total water consumption.

Table 3-3-1. Rate of Service and Water ﬁemand in 1983

Popu~  Rate of FPop. Avérage Consumption

Water Works lation Service Served cu.m/y. lcd
a b s d d/c/365x%
. 1,000
1. Large Scale )
-~ Phitsanulok - 72,839 97 . 70,654 3,986,593 155
- Hakhon Rachasima 191,462 32 61,268 7,726,282 345
Average 132,151 65 65,961 5,856,438 243
" 2. Medium Scale -
-~ Uthai Thani 17,487 g0 15,738 ° 805,391 140
- Ayuttaya 55,301 68 37,605 2,052,835 150
~ Saraburi 48,669 60 29,201 1,565,939 = 147
-~  Phuket 45,917 b4 20,203 2,225,294 302
~ Ratburi : 44,979 61 27,437 2,403,162 240
-~ Uttaradit 31,699 59 18,702 812,035 119
- Hua Hin 32,017 54 17,289 1,006,309 159
Average 39,438 62 23,739 1,552,995 i7e
3. Small Scale ' L
- Potharam 10,881 80 8,705 441,581 139 -
~ Chum Sang 13,950 48 6,696 272,941 112
- Nong Kae 11,668 53 6,184 244,851 108
~ Kratumban 12,446 94 11,699 499,000 117
Average 12,236 69. - . 8,321 364,593 120

Note: The definition of scale is determined by the number of
water meters tentatively in use. (Large scale = More
than 8,000, Medium scale = 2,000 to 8,000, Small scale =
Less than 2,000)
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(B) Average Daily Water Demand

The average daily watey demand is defined as the water
consumption, which consists of domestic, commercial,
public and industrial users, and includes leakage and

wastage in the water supply systems.

As indicated in Table 3-3-1, an average demand of 120 lcd
is the average value by the small scale rural

waterworks with served population ranging 6,000 to 12,000,
{2) Service Rate and Level

The service rate of ten ESD waterworks ranges from 18 to 56
percent of the total population with 36 percent on an average in
1984 as tébulated in Table 3f3—2. Major reasons of such a low rate
afe limited instaliation of distribution pipeline networks within
the existing Saﬁitary District areas, due to a lack in the
construction budget for expansion works and the traditional

utilization of rainwater.

The service level by terminal waterworks system is mostly at

the house connection.

Table 3-3-2. .Rate of Service and Population Served
: in the ESD Studied

ESD i - 1983 1984

Code No. _ESD Name _ R.S. P.5. R.8. P.5.
1 " Cho. Ho N.A N.A 52 5,974
2 Non That 25 1,293 38 1,865
3 Prang Ku 18~ 436 18 436
4 Tha Rae’ 24 2,205 N.A N.A
5 Akat Amnuai 327 2,669 33 2,861
6 Sankha 40 2,141 56 2,944

7 Ban Phu 38 1,883 38 2,500
8 Khuang Nai 24 1,341 24 1,347
-9 Chanuman . 48 © 1,636 40 1,417
10 " Khamcha-1i N.A N.A 24 . 541
Means 31 36
:  Rate of Service

Note:

R.5.:
P.S.: Population Served
N.A.: Not Available
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3.3.2. Major Water Sources -
(1) Water Sources

in a'field'survey of the_ESﬁs;.the majof'water sourceS'whicﬁ
are.commonly.used for existing waterworks were found to be fivérs,
lakes, ponds, reservoirs and deep wells as shown in Table A-5-1 in
Appendix A. . It is concluded that the reservoirs, which were
cOnstrﬁcEéd by RID for the purpése of an irrigation water supply,
.are reliable watér SOurces.in both water quantity and quality,
unlike the natural ponds and deep wells. This is because these
natural ponds have rather small catchment areas and some of the deep
wells in the area.have no stable quantity of water during the dry
season and have a high alkalinity conﬁent, even during the fainy

season.

In order to solve the aforesaid major problems the Sanitary
Districts concerned have a plan to convert the existing natural
water sources to more stable and dependable ones as shown in Table

A-3-1.
(2) Raw Water Quality

The results of raw water quality analysis of the sources of
water for both the existing and the proposed waterworks in the
.Sanitary ﬁistricts are tabulated in Table A-5-3 to A-5-5, _
respectively. The analysis of raw water was carriéd out by field
test, laboratofy tests, and jar tests in the course of the field

survey.

The analysis of the'water samples tested has revealed that with
some exceptions the tested water is lower in:qﬁality than the
permissible level when treated by a rapid éandxfiltfatiOn_prbceés.
There was.a ceftéin trend observed that thé_whter taken_ffoﬁ the
sources with small catchment areas, was prone tp‘iﬁcreaSiﬁg level of
chlorine in the.contents‘ Special attention should be paid to
controlling the water quality to keeping a standard for the.drinking
water,
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Raw water for some of the waterworks systems, depending upon

groundwater as a source, have a rather high chloride contents with a

pH value beyond the allowable maximum.

3.3.3. Existing Water Supply Facilities

(i) Intake Facilities

(a)

(b)

Deep Wells

In almost all of the deep wells sfudied, submerged pumps
are used ﬁith'casing diameter of 150 mm and with the
highest lift of about 80 m. There are two types of water
treatment methods. Chlorine is poured directly into the
wells and then thé water is directly pumped up to elevated

tanks. The other system works by pumping the water is

pumped up to elevated tanks through aeration,

sedimentation and filtration systems. The chlorine is

then poured into the clear water tanks. The raw water for
the latter method usually contains Fe, Mn and other

minerals,

Iintake of Surface Water

The water surface level fluctuation in the reservoirs is

considerably large in the Northeastern Region, and

_therefofe, a special type of pump is employed or

additional protection measures neéd to be taken up for
possible cavitation for long suction would.be required,
On.the-other hand, a floating.typé pump is gemerally used
for the water intake from rivefé. There are several
joints provided on delivery pipe with a vertical interval
of every two to three metets S0 as change'the connection
dépending on the prevailing water level. A centrifugal
pump is mainly used for the intake pump and is driven by

an electric motor and/or diesel engine.
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(2) -Treatment Facilities

(a)

)

Receiving Wells

There are some repoffe@ cases-bf ovetflowing due to a
short retention time of about half a minute, The capacity
of the well should be increased so.that the retention time’
should be about two (2) minutés. A notcﬁed weir, placed
in the feceiving well, is-recommeﬁ&ed for flow_rate

measurement and is essential for the proper operation of

the waterworks.

Flocculation Basin

The horizontal baffled channel is the most commonly used
and has a retention time_of about 20-25 miﬁuteér
Hereinafter it is refetred as Type A. The structural
design itself of Type A is qﬁite technfcally reasonable,
but the consideration of hydraulic less is not sufficient.
Considering some allowance for'the sedimentation, it is
necessary to increase the total head loss from the presént
100-150 mm ‘to 250-300 wm. There is also a problem of the

breaking down of the floc.

For the abové—mentioned'case, the standard design of a
circulation type (Type B), which is adopted in some SD by
the PWD, is more preferable'than that of Type A..

- Floc of the raw'water'dﬁality, which is scored as 4/5
for SD. Nong Thai (ESD—Z),-is judged to he suited or
Type (B), though at present Type (A) is adopted.

- While for SD. Sankha (ESD-6) with Floc of 2/5, Type

(A) is more suited, though Type (B) is adopted at

present.
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l(c)

(d)

(e)

Sédimentation Basiﬁ

The ‘most important problem to be urgently solved falls in

the fact that cleanihg can not be done during the
operation, since the deposited sludge can not be smoothly
drained from the valve installed at the side of
sedimentation tank used by the 5D, Cho Ho (ESD-1), SD Non

- Thai (ESD-2), SP. San Kha (ESD-6), SD. Chanuman (ESD-9)

and SD. Khamcha-i (E$D-10). Particularly, the water
sources of SDs waterworks are apt to affect

eutrophication; therefore, the sludge cleaning is a must

in effective operation of the facilities. For this sake,

the design shall be developed with paid sufficient
consideration of the expected sludge volume during the

time of high'turbidity.

Rapid Sand Filter

The standard design is a gravity flow type of filtration,

with a rate of 120'm3/m2/day. Design head loss is 900 -
1,500 mm, and this type is a conventional one except for
the absence of a spare filter. More careful attentiom

should be. paid to the operation and maintenance aspects.

Further discussion is made in the later paragraph 3.3.4.

Chemical Feeding

Tﬁe chemicél used depends upon the raw water quality.

(i) Alum Feeding
Undefrthe.prevailing design, the solution does not
_reach a satisfactory saturation point and the dosing

:density fluctuates to a considerable extent. For the

water treatment plants located in rural areas,
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(3)

(11)

(iii)

thefefore, it seems necessary to_dééign the faéility
enabling accurate éon;rpl on alum dosing cépacity in
accordance with the quantity and'quality'of-the'raw_
water takenm, An effective bperafioﬁ can be expeéted
only when the facilities with the proper 6esign in

this respect are used.
Slaked Lime Feeding

At present, slaked lime, which is insoluble into -
water, is dosed without:any agitating equipments in
the raw water. Soda ash application is

recommendable.
Chlorine Feeding

For chlorination, bleaching powder is used and the
chlorine solution is dosed at clear water tank by
means of natural flow. -However, ‘there is no ﬁater
level control available at the 301ﬁtioh tank, and no
control on the dosing volume could be made. The
solution ténk_shéll_be provided in two tanks as a
unit, so that a solution can be prépafed and be used
one, while the other is being used for dosing. When
damages to the ténks.are found, more attention shall

be paid to repairing them.

Distribution System

(a)

pistribution Reservoir

The standard design of the distribution reservoilr is

a covered round-shaped reservoir made of reinforced

concrete with a total capacity that would allow for a

volume of equivalent of four (4) houiéjof watér,_out of

the maximum daily water demand. The reservoir is equipped

with a float type level meter to prevent overflowing.
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(b).

{c)

Distribution Pump

This'pﬁmp'lifts-the water from distribution reservoif up
to the elevated tank which is connected to the
distribution pipes. The capacity of the elevated tank is
two hours of the maximum daily water demand with the total
head of about 20 - 25 ﬁ.

As for measurement of water delivery, a water meter of a
screw type should be provided at the outlet of the

distribution reservoir and before the pump, but there is
none or, if there are any they are out of order, for the

existing works.

Most of the pumps for emergency use are not maintained in
good condition and usually only one pump is operative.
Proper repairing and maintenance is necessary for

improvement of operation.
Elevated Tank

The elevated tank has’ retention time of two hours of the

maximum daily water demand. The water level in it is 14

to 18 m higher than the ground surface, which is

technically sufficient.
Distribution Piping

For piping, asbestos cement pipes (AC) or galvanized steel
pipes (GS) are used when a diameter of larger than 100 mm
is needed and polyvinyl chloride pipes (PVC) are used for
smaller than 100 mm. There is a standard design for
piping; however, it seéms that the standard is ndt always
followed.. Some pipes were found exposed in a drain ditch
and in many cases, the pipe connected to each consumer are
ekposed_aﬁd not propefly'installed, causiﬁg unfavourable

conditions in view of sanitation,
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3.3.4. Operation and Maintenance

A field survey has been made on'the present operation and.

maintenance of the 10 ESDs. The current situation of the operation

and maintenance can be briefly evaluated as. follows:

(1)

(2)

(3}

3.3.

(1}

The original purpose of the'waterworks_was to éupply drinking
water to consumers at any time without any harm'to human
.bodiés.' It is regretful to say that this is not fully

understood by beth the suppliers and the consumers.

In other words, a field.operator‘controls'the waterworks
faciiities wifh‘ﬁaving_littIE'clear conéept_about the quality
of water to be supplied. It appears that the operator does not
assume any responsibility for the supply_an& the safety of the
drinking water, and there are no cdmplaints from the consumers

as well,

Waterworks facilities have been constructed rather well in

accordance with the standard design. As compared with the

- facilities, however, there remain considerable problems in the

present operation and maintenance scheme.

Under these circumstances, .the most urgent measures to be taken

are:

- :Field guidance on the most practical and suitable
operation and maintenance to each site; and,

- -Héving sufficient funds available to maintain and repair
the works, if this proves necessary. '

5. IWater Charge and Supply Cost

Water Charge

The water charge 1s comprised of the basic monthly rate and

the meter rate. The basic monthly rate raﬁges from B1.0 to B7.0,
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and the meter rate is in pfoportion to the water consumption
measured by the individual water meter, ranging from E2.5 to B5.0.

- per cu.m,

The water charge which 1s fixed by the Sanitary District Board
shall be aﬁproved by.the_Minister of Ministry of Interior through
the Provincial Government and the PWD, 1if the waterworks is a
conceésidnal-oﬁe. The ﬁater charge concerning PWA' and MWWA'

_ facilifies_shall be appioved by the Cabinet through their Board and

Minister of Ministry of Interior.

The meter rate per cu.m, which have been applied by PWA, are

‘shown as follows;

Monthly Usage . Rate

..~ The anunual water charge per = . (on.mim) TElco)
household is estimated to correspond ‘D - 10 3.75
: o o 11 - 20 4.50
to one to four percent of the annual 21 - 50 5.50
average income per household, gi - 133 g:gg
101 - 300 7.50
301 - 2.00

{2) Water Supply Cost

The water supply unit cost was analyzed in order to clearly
understand the financial situation. From the results of the
analysis, the water supply unit cost per cubic meter is between 2.1

to B5.9 with B3.4 on an average.

The unit cost 1s composed of seven kinds of expenses and the

breakdown of the unit cost on the average is as follows;

H/m3 Percent

Personnel expense .....couveevvas 0.7 19.5
Office expense ..cvvvnvvsnsrnssas 0.5 i5.4
ENergy expense .....eeeeeevessees 0.9 27.4
Chemical exXpense ......vveveveess 0.4 11.1
Repair expense ...cecesvescaasess 0.4 11.1
LOoaN Yepayment .ue.svieeecsseeaees 0.4 i1.0
Others civivissssssesieenncnnanss 0.1 4,5

Total sivsevniorsnnivnannarses 3.4 100.0

|
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Water supply cost and the water charge of the respective'ESﬁs:
are shown in:Figure F-~2~] in Appendix F.

3.3.6. Financial Support of the Project

The ESD waterworks are ‘generally operated and maintained. on
the_self«éﬁpporting system. The water charge collected is the only
source of revenue for operation and maintenance as well as repayment
of the long-term loan from Sanitary District Premeotion Fund. This
Sanitary District Promotion Fund is under the Central Government,
and is sometimes used for the expansion of projects, the réplacement
of facilities and the repair of somé minor works. The loan

conditions are listed as follows:
- the amount of the loan: 10 times as much as SD's savings

- the repayment time 15 years

- the interest rate : 4 percent per year
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- CHAPTER IV, SELECTION OF SANITARY DISTRICTS TO BE STUDIED

4.1. Selection Criteria
4.1.1. General Description

The impiementation_of'watérworks projects requires a huge
amoﬁnt of investment, which affécts Significantly the inhabitants,
society,_and_eéonomy of the project areas. A .detailed study at the
sfage of plaﬁ formulation should be carried out in order to execute
waterwarké project.properly and smoothly, along with a priority in

' project implementation, feasibility, and economic soundness.

4.1.2. Itéms of Seleétions Criteria

The selection criteria, in setting priorities for.the project
implementation, should take into consideration human needs for
drinking water, social conditions of the subject areas, capability
of repayment of investment, appropriation of initial and operation

and maintenance costs as major elements.
{1) Human Needs and Sociél'Conditions

‘Domestic water is.physiologically indispensable for human life.
 There are many difficulties and constraints in securing drinking
water in rural areas. It is obvious that stable water sources with
good quality are required as well as social environmental

development.
The criteria for hﬁman needs are based on the total population,

pdpulation growth-rate,_population density and occurrence rate of

diseases by drinking water. The occurrence ratio of water-borne and
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water related.diseases to the population in the subject areas is

about 0.6 to 1.0 percent on an annual average.
(2) Capability of Payment and Construction Cost
{(a) Capability of Payment

A water supply is essent1a1 for mankind ‘to secure a
healthy and safe 11festy1e, but basic economic base and’
further economic, resources of ‘the" people are indispensable'
for long-lasting operatlon “and maintenance after‘prOJect
completion, in addition to the burden of the injitial -
construction costs to the beneficiaries. The capabllltv
of payment, therefore, is based on‘the average income’ per
person and major industry, such as agriculture in the case
of Northeastern Thailand, and the location of the main -

road for marketing activity.
(b) Construction Cost

The construction cost of a water supply system in the NSD
is decided as a result of detailed studies on several
alternative plans comsidering various technical and
economlcal standpolnts. The unit water cost and water
cost per beneficiary indicate effectiveness of 1nvestment
cost.,

4,1.3. Selection Method

(1) Weighing of Evaluation Items

The following items in the'cdmprehénsive evaluation of esach NSD

were proposed, appropriately'weighiﬁg'each category.
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Ttem ' : . __Wedght

1. Human Needs:". : 50
- Total poﬁulation. _ ' 20
- Population growth rate 15
~ Population ‘density 10
-~ Occurrence ratio of diseases 5

caused- by drinking water

2. Payment Capability and Construction Costs 50

a. Payment capability 25

- ' Average income per beneficiary 10

- Agricultural land acreage per 10
person around SD

= " Distance between 5D and main road 5

(for marketing conditions)

b. Construction cost 25

'~ Unit water cost 15

- Water cost per beneficiary i0
(2) Conception of Weighing Item
Population: Total population, growth rate and demsity
conponents of each NSD play a vitally important role in the
necessity of the Project implementation. The data analysis is

niade on the population census for the last ten years.

Water-borne diseases: The rate of disease occurrence by

drinking water and others related thereto is evaluated on the
number.- of diseases contracted to the total population in the

NSD concerned.

Income capability: According'to the 1970/80 Socio-Economic

Survey by the NSO, the SD's have about 50 percent of the
population depeﬁéént upon égricultural population, and the
economic/social activities and growth in the SD would bé
subjeét‘to agriéulture. The average monthly income per
household in thé 5D in the northeastern region is about El,349
per égricultural household and 32,633 per non-agricultural

household, respectively.

45



. Farmland 3cale:7VIn‘conngction_with the above mentioned income,

4.2,

the individual holding acreage of agricultural land within a
5.0 km radius from the center of the SD is computed for the

purpose of measuring the économic scale of the SD,

Marketing condition: Therdistance befween'SD aﬁd_a majcr'road

(national and p?ovincial road) is evaluated to éompare_the

social and economic conditions of the SD, which are being in'a

- position to be core of socio-economic activity in the

surrounding agricultural area.

Unit construction cést: The construction cost to be allocated

to the water per cubic meter per hour and per capita served‘is
very important indicator for the project evaluation. The total
construction cost, therefbre, shall be studied with careful
considerations on a minimum cost basis. Many possible _
alternatives studies for the respective SD shall be méde ont ‘the

preliminary level.

Selection of Sanitary District

4.2,1, Preliminary Design of System and Cost Estimate

)]

Basic Planning and-Preliminary Design of System

The fourteen (14) new Sanitary Districts (NSD) to be studied in

the pre-feasibility study phase wvere chosen by the Government of

Thailand.

Basic projection for water demand and the popﬁlation served,

available water resources, NSD boundary and socioéeconomic-

conditions were determined using the manner and comncept which is

described in Chapter V, along with the findings of the field

investigations.
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A preliminary system design for the respective NSD's was also
made in éccordance with the'design_criteria, including typical
structure drawings and the alternative study results of the proposed
water-résourceé. The selection énd eValuation.of the available
water resources were made with particular attention to the storage
'capacity of the reservoirs in the dry season and the water quality
of existing_deep'wells in and around the NSD, The comparative study
of the alternatiﬁes was made only for comparison of stored water

usage in the ekisting reservolr and groundwater.

The preliminary cost estimate of the sySteﬁ required for each
NSD was made on the basis of initial investmént cost excluding the
operation and maintenance cost, which is negligible compared to the
initial investment cost,

4.2,2, Compreheusive.Evaluation of NSD

The general features of the fourteen NSD are described. as

follows:
NSD . Population
Code No. - NSD Name Changwat in 1984
2 Rong Kham Kalasin 4,886
5 Kham Sakae Sang Nakhon Ratchasima 4,816
6 Non Bua Lai Nakhon Ratchasima 3,314
7 Huai Thalaeng - Nakhon Ratchasina 9,598
8 Nong Ki - --Buri Rum 13,100
-9 Hin Lek Tai Buri Rum 5,086
10 Huai Rat Buri Rum 3,785
11 Sai Mun Yasothom 6,087
12 Khun Han 8i.8a Ket 3,137
13 Kusuman Sakhon Nakhon 5,248
15 Dong Khuang . Sakhon Nakhon 13,460
17 Phon Charocen ~ Nong Khai 9,697
i8 Nong . Song Hong Nong Khai 7,914
20 Huai Kha Yung Ubon Ratchathani 3,813

The qomprehenéive evaluation and recommendatidné of NSD were
carried 6ﬁﬁ in.accofdanqe with the selection criteria set forth,
basic planning, preliminary design and cost estimate. The results
of the evaluation are summarized in Table 4~2-1 and the details are

tabulated in Appendix C,
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Based on the results of the study, as shown in Table 4-2-1, a
discussion meeting was held between the Thai authorities cqncerhed
and the JICA team to. select ten(10) NSDs according to the priorities
established, but excluding the NSD named Dong Khung. Dong Khung
Sanitary District was excluded from the proposed NSD to be studied
in spiﬁe of its high priority (priority Nb.3), because the project
area has already been incorporated into the implementation scheme of
Provincial Waterworks Authority. 8o four NSDs, nameiy Rong Kham,
Hin Lek Fai, Sak Mun and Dong Khung were eliminated from the

feasibility study.

Table 4-2~1. Evaluation Score of NSD

NSD _ Construc-

Code _ Human  Payment tion Total

No. Name of NSD Needs Capability Cost Score Priority

(Maximum Score) (50) (25 (2%) (100)
2 Rong Xham 21.6 19.6 13.0 54.2 12
5 Kham Sakae Sarg 26,3 16.0 12.6 54.9 11
6 Nong Bua Lai 20.6 22,0 14.7 57.3 8
7 Huai Thalaeng 35.6 9.5 11.2 56.3 9
8 Nong Ki 42.8 14,2 17.9 74.9 i
9 Hin lLek Fai 21.8 11.5 1.3 44,6 14
10 Huai Rat 23.7 20.9 17.9 62.5 7
i1 Sak Mun 23.9 15.1 13.7 52.7 13
12 Khun Han 22.8 22.0 23.0 67.8 2
13 Kusuman 29.2 16.0 20.8 66.0 5
15  Dong lHung 35.6 14.8 16.5 66.9 3
17  Phon Charoen 27,58 14,1 14.1 55.7 10
18 Nong Song Hong 26.0 15.8 - 25.0 66.8 4
20 6

Huai Kha Yung 27,8 23.0 L4.4 65.2
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CHAPTER V. WATER DEMAND AND WATER SOURCES

5.1, Population Projection
5.1.1. Service Area

.The service area of the water supply covers generally whole
Sanitary District area, which is defined in the Sanitary District

Act.

The people who are living ﬁithin the SD areas shall be ready to
enjoy the benefit from the waterworks at the low rate of cost,
although_ﬁill_have to pay. the cOst_bf laying the pipe from the mains
to individual houses. Therefpre, the main pipes havéfto be
installed to suﬁply the_watef_to every household in the service
areas from the initial stage of the operation of waterworks, The

actual service connection will be made by the beneficiary,
551.2.. Service Level

The service level in the proposed waterworks is divided into
threé categories; (1) a house connection made to the individual
households, (2) a yard connectipn that would serve several
households, and (3) a'public-stand tap serviﬁg about twenty
_househol&s.‘ Needleés to say, the most desirable service level is
that of the:hbuse éonnection,;from the viewpoint of convenlence and
saniﬁary éoﬁditions, but the service level such as the yard
connection and the public stand tap, should be considered to utilize
the limited capital and to serve as many people.as possible, . When
the yard connections or the public stand taps are widely provided in
the peripheral areas where many farmers live, convenience of the
people_will be iﬁproved. As a basic_tafget of the Project, however,

the house connection system was considered in most NSD areas,
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5.1.3. fTarget Year

The tafget year of the Pfoject is the year 2000,'taking into
account - the gobial'development tendency of the Sanitary District

areas and the investment effect of the Project.
5.1.4. Population Served

" There are many different methods to calculate the population

projection at the specified target year,

- Population increase in the subject area will depend upon-the
development policy of the area, investment Séale to the
infrastructure, socio-economic conditions aﬁd'so'forth. The
population projection in the.Sanitary_DistriCts, therefore, is made
by the method of the annual averageIincreaéingfféctot. ‘The majority
of the proposed Sanitafy'DistriCt'éreas consist of non—égricultural'
areas and agricultural areas. The forecast 6f the population'wés
made by adding the annual populaﬁion_growth rate of the non-—

agricultural and the agricultural area.

The average growth rates of population per year of the NSDs
were calculated on fhe basis of the data COllected for the latest
avaiiable populaﬁion census. The results of calculation on the
average growth rate per year are 5.8 percent for the
non-agriculture area, 2.3 percent for the agriculture area which
result a 2.8 percent of the total, as tabulated in Table A~1¥1 of
Appendix A, | '

The future population, therefore, was estimated by the:

following formula;

yt = ya + yn
va = yoa (1 + 0;023)x-
yn = yon (1 + 0.058)X
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Where, yt = futuré total population
ya = future agricultural population
yoa = agricultural population in 1984
yn = future non-agricultural population
yon = non-agricultural population in 1984
x = years counted from the base year, 1984

With SD Dong Khuang (NSD-15), SD Phon Charoen (NSD-17), and SD
Nong Song Hong (NSD-18), the‘following formula was used because
there is no data on the agrlcultural area growth vs. the

non—agricultural area growth in these SD.

yo (1 + 0.028)%

yt =
" Where, yt = future total population
" yo = total population in 1984
X = year counted from base year, 1984

The results of populatibn projection in respect to the target
year are summarized in the following table and the detailed

tabulation is shown in Table A-1-2 of Appendix A,

Population Projection

(Unit: persdns)

Code No. . NSD Name 1984 1990 1995 2000
5 Kham Sakae Sang 4,816 5,926 7,098 8,559

6 Nong Bua Lai 3,314 4,197 5,151 6,366
.7 Huai Thalaeng 9,598 12,304 15,251 19,028
8 ‘Nong Ki 13,100 16,324 19,761 24,089
10 - Huai Rat 3,785 4,735 5,752 7,037
12 Khun Han 3,139 4,266 5,529 7,190
13 Kusuman 5,428 6,323 7,433 8,788
17 Phon Charoen 09,697 11,444 13,139 15,084
18 Nong Song Hong 7,914 9,340 10,723 12,310

20 . Huai Kha Yung 3,813 4,751 5,751 7,011

According to the information on the concessional waterworks of
the ESD, shown in Table A—1;3 of Appendix A, the rate of service on
an average is.more than 60 percent. 1In due consideration of the

rate of.sérviée of the_ESD waterworks, the rate of service for the
NSD was estimated to be 50 percent in 1990, 60 percent.in 1995, and

70 percent in 2000, with some allowance.
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5,2. Water Demand
5.2,1. Definition of Water Demand

Water demand is defined as water consumption of various users
such as domestic, public; commercial, industrial and the leakage/

wastage of water supply system.
5.2.2, Watet'Consumption.and Water Demand
(1) Water Consumption

Water consumptlon was determlned based on the water consumed at
existing waterworks and the records prov1ded by the PWUD due to lack
of data aund information on the water consumption of the respect1ve
users. The daily water’ consumption per capita in the ESDs was
evaluated at about 65 lcd for a rather small scale and at aboﬁt 90
led for medium scale waterworks, respectively as shown in Table

A-2-1 of Appendix A,

According to the survey results of the water leakage and
wastage at existing waterworks, the average rate of leakage/wastage
to the total water demand is about 49 percent as shown in Table

A~2-2.

On the other hand, the average dally water demand of the medium
scale waterworks in Thailand is about. 179 lcd as shown in Table
3~3~1., From the above-mentioned concept, the average water
consumption can be assessed to be about 90 lcd,  This value would be
considered to suggest the future status of the new Sanitary District

waterworks in the target year of 2000.

The target value of the. leakage and wastage rate is expected to
decrease'by about 0,25 gradually, from present supply level, taking
into cousideration improved techniques of operation[maintenance, and

a patrol system of the waterworks into consideration.
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(2) Watér_Demand

As described in the item 3.3.1, that the average daily water

demand in 2000 ié 120 lcdf Based on the average daily water demand,

the following design index can be defined.

(a)’

(b)

Maximum Daily Water Demand

The rate of the maximum daily water demand is equal to the

average daily water demand in NSDs multiplied 1.25.

Accotding to the data collected from ESDs, reference
matéfials, and measured.records in the Chonnabot ESD of
Changwat. Khon Kaen, the vaiues are found variable from 1,2
to 1.5, The ratio will fluctuate by seasomal climate
conditions, the standard of living and the scale of the

urbanized sefvice area.

The records at Chonnabot clearly show a variation
throughout the year, as illustrated in‘Figure A-2-1 in
Appendix A.

Maximum Hourly Water Demand

The rate of maximum hourly water demand to the average

hourly water demand at the time of maximum daily water

‘demand varies with the difference of population between

the daytime and the night in the service area, the water

éoﬁsumption type of the factories and offices, the

seasonal flucfuation_in the number of visitors at the

tourism areas,'etc. In general, the rate ranges from 1.2

to 2.5 depending upon the conditions of the service area.

Aécbrdiug_to the'survey by JICA Study Team on the actually

,‘released_water by Chonnabdt Water Supply System, the

. ‘hourly released water amount and the ratio to the average

hourly discharge are shown in Table A-2-3 of Appendix A,
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It can be detefmined_that_the'rate'of maximum ﬁourly water
'demand is abdﬁt 1.97 from.Tablé A-2-3, It is converted |
~ that the rate of maximﬁm hourly water demand to average
Hourly water demand at the time of maximum daily water

demand is ahout 1.58.

On the other hand, the rate stipulafed'in the PWA's deéign-
criteria is just 1.50. -Thefefore;'tﬁé'yate is to be 1.50
in taking into consideration the reason mentioned above
and in saving the investment cost for the distribution

system.
5.3. Water Sources
5.3.1, General

Potential water sources of the subject Sanitary District
waterwvorks are considered to have several alternatives, such as
rivers, ponds, reservoirs, aﬁd'groundwater."As'mentioﬁed'in the
previcus chapter, . the water'sourcés for the Sﬁbject projecf should
be stable quantitatively and qualitatively throughout the year.
Potential water sources of the proposed SDs have been surveyed
sufficiently during the éourse of field survey by tlie Team with
close cooperation of the PWD and respective NSD officials concerned.
As the results, it can be confirmed that the stored water in the
reservolr iz a major stablé_water source for the subject project.
Surface water from the river, with comparatively small catchment

areas, is not a stable source, as it will run dry in the dry season.

The stored water sources are reservoirs, natural ponds, and
lakes. The'majority of the proposed reservoirs have been
constructed by the Royal Irrigation Department for the purpose of

irrigation and domestic water supply.

On the other hand, the survey of groundwater as the sources was

carried out carefully by the PWD and the Team after existing data
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“and information from Department of Mineral Resources had been
studied and evaluated. The actual investigation was made only for

five NSD areas out of proposed ten areas,
5.3.2. Rivers

The Nértheastern Region belongs to the watershed of the Mae
Khbné river, and the rivers in this region are almost all
tributaries of the Mae Khong. The main tributaries are the Mun, the
Chi and the Song Khram.

" The flﬁctuation of discharge between the dry and.the'rainy
seasons is extrémely'large, and the rivers with small catchment
areas afe'usually dried up in the dry season. According to the
informationiof'RiD, the drought discharge at l10-year-return period
in this region ranges from 0.01 to 0.04 cu.m/s/100 sq.km.
Consequently, a catchment area of such rivers would need more than
1,000 sq.km to meet the proposed water demand in each NSD for direct
intake., After a detailed study; the Huai Kha Yung SD Waé proposed

to use the river water source for the water works project.
5.3.3. Reservoirs

" The reservoirs, with'a large capacity, are .reliable as water
sources of the NSDs in terms of bbth.quantity and.quality.
According to ?he results of the survey and -the evaluation of the
hydrologiéai data available for the existing reservoirs, it is found
that éapacitieé of the'reservbifs have gradually decreased by
sedimentatioh of silt. Evaporation and shallowness of the

reservoirs are serious problems as well.
In the case of utilizing the existing reservoirs as water

sources,‘a_speéial éttention should be paid to not giving priority

~ to any of purposes such as domestic use, irrigation use, and others.
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According to the infcrmetion collected from government agencies
concerneﬂé there are three types of existing ponds_dr reservoirs._
One:type is used mainly for a domestic water supply with irrigation
only dbpe_with excess water, one type is for irrigation only, and
one. type are natural ponds. The resefvoiré'which were constructed
under the small scale irrigation brogramme (SS1IP) and the '
accelerated rural development project by Ministry ef Interior have
given the firet'priority'to domestic water supply. Any exeess water
can be used for irrigation or other purposes. On the other hand,
water of the reservoirs which were constructed by Royal Irrigatlon
Department, are to be used for irrigation as the first priority.
Also the stored water of the reservdirs, which were constrﬁcted by
the Medium Scale Irrigation PrOJECtS {MSIP), the Klng s Projects and
the Tank Irrlgation Projects under the RoyaL Irrigatlon Department
are to give for 1rrigat10n the flrst prlorlty. If the reserv01rs
have excess storage capacity, even in ten year return perlod of
drought, the excess water can be nsed for other purposes such as

Sanitary District water supply works.

Operatlon and maintenance of these reservoirs under the SSIP
are made by the Changwat after the facilities are taken over from
RID. According to the regulation on the sald reservoir operation,
if the inhabitants living near the reservolirs can accept to use the
stored water for a domestic water supply, rather than irrigation and
other uses, then the first priority of water use can be given to the

domestic water supply.

The study and review on.the availability of the existing water
resources were made based on the above mentioned criteria..
Considerable potential water sources are Jisted in Table 5-3-1.
5.3.4. Groundwater

The_existing irrigated areas and densely populated areas extend

mostly in the Khorat Aquifer within the main artery of the plateau.

Groundwater of this aqﬁifer is variable in both quantity and
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quality. 7The_aﬁerage depth of the water level in the aquifer ranges
from six.to iO m and the dfawdown at the pumping rate {is
-approximately 30 m. Wells drilled to the depth of about 30 to 120 m
yield one to 10 cu.m/ﬁf. In.relatively flat land, efflorescent salt
often o¢cdrs_on the ground surface, and more than 90 peréeﬁt of
driliéd wells yielé'salty water, The pbssibility of ground water at
'éach NSD has been studied by reviewing the hydrogeclogical data
prepared by.PWD DMR, ARD, RID and DH. Consequently, five of Shs,
No. 5, Wo. 7, No.13, No.1l7 and No.18 have been selected and a
geoelectrlc prospecting survey and a well drilling works with a

pumping test were conducted by thé_PWD_aﬁd Study Team.

The results of pumﬁing test for five drilled wells are

“discussed in Appendix A and the following are the summary of the

analysis,
NSD .
Code No. Name of NSD Pumping Rate Draw Down Chioride
(cu.m/hr). {m) {ppm)
5 Kham Sakae Sang 2.5 20.8 280
7 ‘Huai Thalaeng i.7 15.1 270
13 Kusuman 18.4 6.6 . 70
17 Phon Charoen 10.0 18,2 8
18 Nong Song Hong 10.8 i1,9 6

The following conclusion on the groundwater development was

reached through careful evaluation.

- Two drilled wells for Kham Sakae Song and Huai Thalaeng
are not acceptable as stable drinking water sources from
. the view point of water quantity and quality, :

- Drawdown depth by pumping rate in Kusuman area seems

' rather small. It is considered that the capacity of the
- pump used in pumping test was rather small as compared
with its pumplng rate.

'fSafety yield of 18 cu.m/hr was estimated based on the
'"Tlme—Rebldual Draw Curve".-

- Safety yield for both wells of Phon Charoen and Nong Song
Hong was evaluated to be about 7.0 and 7.5 cu.m/hr,
respectively. It is for this reason that the safety yield
of ground-water from these deep wells was determined to be
reduced about 60 to 70 percent out of the total pumping
rate,
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Table 5-3-1 Lists of Potential Water Source

Catch-

3
C ; Changwat
RID ; Royal Irrigation Department
1 ; Irrigation
D.W ; Domestic Water
SSIP; Small Scale Irrigation Project
MSIP; Medium Scale Irrigation Project
ARDP; Accelerated Rural Development
Project
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Manag- _ N
SD : ing Major Project Storage Annual. ment _
No. Nater Source Agency Used Name Capacity Inflow Area . Remarks -
_ _— (MCM) (MEM) - (sq.km) _
5 Bdn_Chiwuk Res, C D.W  SSIP 0.336 0.207 1.0 Existing
6 Non Sanp Res. - bW - 0.300 - -
6 Phai Luang Res. C I ssIp 0.368  2.484 12.0 . "
7 Lam Chamuak Res. RID 1 MSIP 22.200 43.764 180.0 "
7 Nong Takai Res. C I SSIP  0.155 1.863 9.0 "
8 Tung Kraten Res.  C D.W  ARDP  1.600  7.244 35.00 "
10 - Huai Talet Res.  RID I MSIP  18.3500 © 71.506 153.0 "
12 Nong Si Res. ©RID I MSIP  3.800 18.758 32.4 s
13 Huai Daeng Res. ~ RID I King'sP 1.150  5.780 10.5 ™
17 Nong Loeng Res. C I SSIP 2.000  4.700 8.4 g
18 Nong Song Hong RID I TankP 0.380 2.126 3.8 "
Res. i :
*l. *2
18 Nong Kom Ko Pond - DWW - 10.000 © 16.770 © 30.0 o
20 Huai Kha Yung - - - - 11.7*3 3344.0 "
(River) _ cu.m/sec
5 New Reservoir - D.W - 0.219 - 14.0 Planning
(270 x 270 x 3m) _
13 New Reservoir - D.W - 0.219 - 20.0 L
(270 x 270 x 3m) :
17 _New Reservolr - D.W - 0.411 - 24.0 '
(370 x 370 x 3m) :
: *
13 Ground Water PWD  D.W - - 180 Y - peep Well
cu.m/hr .
4 .
17 " PWD D.W - - 7.0 - "
o cu.m/hr
. . *'4
i8 " PWD  D.W - - 7.5 7. "
cu.m/hr
Note: PWD ; Public Works Department *1; Surface area (4 sﬁ;km} X

Effective Deépth (2.5m}

; -Average runoff ($59mm). x

30 'sq.km

; Drought .discharge at 10 year

return period at intake "point.
Result of pumping test



5.4, Water Quality Evaluation

5.4.1, “Sampling and Analysis

Water sampling and testing of the water sources to be developed

for ten NSDs were carried out during the field survey. The

coilééted'rdw water samples were analyzed at both field sites and

laboratories. The results of analysis are shown in Table 5-4-1 and

5~4-2 for both the surface water and the ground-water, respectively.

5.4.2, Evaluation and Suitability

Major findings and consideration of raw water quality for NSDs

are discussed as follows;

(1) Surface Water

pH values

Turbidity and colour :

Cl (ppm) '

The value ranges from 6.4 to 7.5 and

‘there are found no problems as

drinking water.

Maximum permigsible level of colour
unit in Thai standard is 15. The unit
of the tested raw water is rather high
due to dense contents of iron . (Fe).
Some samples showed slightly high
turbidity as compared with Thai
standard., The problems, however,
could be solved by providing
appropriate water treatment system,

Maximum permissible level of the
standard is 600. NSD No. 5, Kham
Sakae. Song value was about 900.
Samples of water was taken from the
bottom of reservoir in complete
drawdown.

~50-



(2) Groundwater

Major difficulties in water quality of the existing deep wells
in and around New Sanitary Districts are mainly the ‘high density of
chiloride and iron content, and the. turbidity problem which is

pdssibly affected by the iron content.

The extremely large values of chloride density are observed at
the NSDs No.5, No.7 and No.8 and of iron content and color unit in

No.7, No.17 and No.l18.

Tﬁe well drilling and pump festing for tﬁe ESDE_NQ.-S, 7, 13,
17 and 18 were carried out based on the result of eiectric _
prospecting measurement made by the staff of PWD's Well.Drilling
Divisioﬁ staff and study team in order to confirm water quantity and.

quality.

As shown in Table 5-4-2, water quality of the NSDs No.5 and
No.7 are not sultable for drinking due to high contents .of iron,
chloride and total hardness, and wmoreover, quantity of water_as
safety yield is extremely smail in amount. The remaining three
drilled wells can be used as drinking water sources without much

investment for water treatment.

The final conclusion on utilization of the groundwater
resources will be discussed from the viewpoint of not only
quantitative and qualitative aspects of groundwater but also such
economic éspect of the proposed systems, capital investment cost and

operation/maintenance cost at a later stage.
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Table 5-4-2  Ground Water Quality of Drilled Well

[51. [7] [13] ) [17j [18]

Note

Kham Sakde Huafi _— Phon Nong Song
Item Sang Talaeng Kusuman Charoen Hong
Date 10/Sep., 10/Sep., 6/0ct., 3/0ct., 14/Sep.,
1985 1985 1985 ‘1985 1985 -
1. PH 7.8 7.8 7.9 8.2 8.0
2. Turb. NTU. 66 42 11 12 12
3. Color unit 6 s s 7 2
4. Total Hardness 824 1,340 354 190 240
CaCoOs3 ' '
5. Ca (mg/2) 141 401 93 62 74
6. Mg (mg/2) 115 83 . 30 8 13
7. Fe (mg/2) 2.3 2.2 0.71 0.55 0.88
8. Mn (mg/z)' 0.04 0.52 0.10 0.15 0.02
9. C1 (mg/e) 280 270 70 ;] 6
10. Nitrate (mg/%) 0.67 4.3 1.6 0.1 0.2
11. Nitrite (mg/e) 0.01 0.16 nil nii nil,
12. COND 105 2,900 700. 375 425
Remarks: Date ; Analysising date,
Turb ; Turbidity,
Ca ; Calcium,
Mg ; Magnesium,
Fe ;s Iron,
* Mn ; Manganese
Ci ; Chloride,
Nitrate ; Nitrite, expreased as nitrogen, .
Nitrete ; Nitrite, expreased as nitrogen,
COND ; Electrical conductivity at 25°C{micromhos/cm)

Underlined figure indicates comparatively high value.
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5.5. Water Balance Study and Availability of Water Sources
5.5.1, Hydrological Consideration
(1) General

Hydrological review of the subject water sources was
concentrated on the surface water runoff analysis since the majority
of watér sources are-étored water in the existing reservoirs, As
discussed in the previous paragraph, available groundwater for -
subject Sanitéry Districts from the viewpoint of quantity and

quality, could be found in a limited area only.
(2) River Runoff

Thé river runoff~frqﬁ the relevant catchment area is affected
by mahy factors suchzaé topbgraphic conditions and vegetation, and
rainfall intensity; Most of the proposed water resources have no
detailed runoff records and hydrological information. The runoff
analysis for the project, fherefore, wag carried out based on tﬁe
rainfall records of the subject.arEa and the runoff estimation chart
prepared by RID. Specifically, the runoff coefficient calculated
for Northeast Thailand is quite small due to a large amount of
losses in the initial stage of rainfall accumulation, but the runoff

will increase gradually along with accumulated rainfall.
(3) Water Losses from Reservoirs

The major water losses from.the subject reservoirs were
eétimated on -a mon£hly'basis, taking into consideration evaporation
from water surface of the reservoirs. Eﬁaporation losses can be
estimated by caléﬁlating 70 percent values of year—round.observaticn

values by Class A-Pai.
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(4) Design-Drought Year

The design drought yeaf for the prbjectfié to take placé once
in ten years taking into consideration importance of human.needs,

effective investment to the project facilities and stable water

supply.
(5) Water Demand of Waterwork

The diversion water requirement at the reservoir was determined
at 110 percent of the average design discharge at the distfibution
reservoir in the water treatment plant. ' '
{6) Irrigation Water Requirement

Typical irrigation water requirement can be computed by RID
standard method and cropping pattern/cropping acreage in the seérvice
area concerned. The figures applied to water requirement

computation are summarized as follows:

Rainy Season = . Dry Season

— Cropping Calendar o _ o
Nursery bed, land soaking : 15 Jum, to 31 Jul. 15 Dec, to 31 Jan,
and preparation : 1 Aug, to 30 Oect. 1 Feb. to 30 Apr.
~ Water Requirement at Field
Land soaking and preparation: 200 mm - ‘ 230 mm
Evaporation and percolation
during land preparation : 200 mm 230 mm
Field irrigation : © 810 mm : 1,036 mm

Total 1,210 mm 1,496 wm

During rainy cropping seasonsg, there is a considerable amount
of rainfall which is useful as irrigation water. Actual
supplemental irrigation water requirement ‘can be computed by the

following formula.

_ Field W.R ~ Effective Rainfall
Irrigation Efficiency (0.65)

S.W.R.

L



(7)_ Water Balance Simulation Concept

The water balance computation of the reservoir is expressed by

the following equation,

V=I-W-1IR-L

i Storage volume of the reservoir

: Inflow into reservoir

: Water demand for the water supply

R: Irrigation water requirement (if any)
: Water losses from reservoir '

A

In case of utilizing the existing_feservoirs as water sources,
there are two‘types of reservoirs such as used mainly for domestic
water supply with irrigation done only using excess water and used
mainly for irrigation as given the first priority. The flow chart

of water balance simulation is shown in Figure 5-5-1.
5.5.2. Water B&lénde Simulati0n'and Evaluation
(1) General

Watef_balanée_simulétioﬁs were conducted by ﬁsing the available
data méntioned previouély, and the detailed description and
simulated output were discussed and tabulated in Appendix A. The
results of the simulations and the evaluations for the respective

NSD water sources are presented in this chapter.
(2) Kham Sakae Sang (NSD, No.5)

- The Bun Chiwuk reservoir, which was constructed by RID in
1980, is located at 5.0 km west of the SD area. The
effective storage capacity is about 336,000 cu.m, but

- there was no' stored water confirmed dur1ng the second
phase of the fileld survey due to less rainfall and its
relatively small catchment area in comparison with the
‘storage capacity. For a stable water supply to NSD, a
diversion ‘dam from Huai Yang was proposed as a transbasin
water resources.

- Huai Ruam, with a catchment area of about 14 sq. km, is
flowing near the SD. The construction of a new reservoir
would supply water to the NSD throughout the year.
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(3

(4)

(5)

Nqng

Buai

Nong

Concliusion: It is confirmed that if a diversion canal

from Huai Yang to Bun Chiwuk reservoir with 2.0 cu.m/sec
capacity can be provided, there i1s no water deficit even

in the critical drought period in the dry season,

Bua Lai (NSD, No.6)

'The Nong Sanp pond with the storage capacity of 300 000

cu.m is located in the SD. =~ Phai Luang’ reservoir, which
was constructed by RID in 1980,:15 located at. 2.0 km
upstream of the said pond ‘The storage capacity is
368,000 cu.m. It is possible to divert water from the
Phai Luang reservoir to the Mong Sanp pond effectively.

Conclusion: There is:no'deficit‘iﬂ the amount-of étorage

‘water, and the water will be able to be supplied ~

sufflcjently.
Thalaeng (NSD, No.?)

The Lam Chamuak reservoir with storage capac1ty of 23.5
MCM which was constructed for irrigation by RID is located
20 km northwest of SD.

The Nong Takai reservoir which was constructed by RID in
1980 is located 5.0 km north of the SD. The storage-
capacity is 155,000 cu.m. The heightening of the dam
embankment will be requ1red to meet the- proposed water
demand.,

Conclusion: 1In the case of using Lam Chamuak reservoir,

a water deficit will be three times as likely to occur
within the 22 years simulation period with the year-round
irrigation, if no countermeasures are taken for existing
reservoir improvement. In the case of using Nong Takai
reservoir, heightening of the embankment by 1.5 m will be
required for stable water supply.

Ki (NSD, No.8)

The Tung Kraten reservoir with storage capatity'of 1.6
MCM, which was constructed by ARD in 1969, is located 2.0
km north of the SD.

Conclusion: There are no remarkable problems even in a
critical drought period.
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(6) Huai Rat (NSD Yo. 10)

)

(8)

The Huai Talet is flowing one km west of the SD. Huai
Talet reservojr,_whlch was constructed by RID, is located
in the Huai Talet. -The storage. capacity is 19,2 MCM.
This reservoir water is conveyed to an irrigation area
through the left and the right main canals, w which will be
expected to be improved with a concrete lining.

- Therefore, raw water of the subject project could be

" Khun

diverted at the terminal point of right main canal.

Conclusion: There has occurred water shortages two times

during for 19 years, when irrigation and domestic water

supply were made throughout the year. It is acceptable as
stable water supply.

Han (NSD, No.12)

The Noﬁg'Si resefvoir with storage capacity of 3.8 MCM,
which was constructed by RID, is located near the proposed
Sanitary District.

Conclusion: As the results of water balance simulation

for both cases, one of the original proposed SD area and

that with the expansion area added, there is no water
shortage even in full scale irrigation practiced for the
benefit of farm land.

Kusuman (NSD,"NO.lB)

The Huai Daeng reservoir, which was constructed by RID, is

located -5.0 km east of the SD. The storage capacity is
1.15 MCM.

The Huai Saphoe with catchment area of 20 sq.km is flowing

near the SD. The construction of a new reservoir will be
considered. ' '

As Safety yieid of about 18 cu.m/hr from newly drilled

well is available for water supply works.

Conclusion: ' In case of using the reservoirs, there is no

"deficit even when irrigation will be practised

" continuously.
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(9)

(10}

Phon Charoeng (NSD, No.l7)

Nong

The Non Loeng réservoii;'whiéh was.cbnéthCied_by RID, is
located 12.5 km west of the SD. The storage capacity is

_2 0 MCM.

'The Huai Som Hong with a catchment area of about 24 sq.km

is flowing near the SD. The construction’ of a new
reservoir will be considered

Judglng from the reault of the pumplng test, the. safe
yield of the drllled well is 7.0 cu, m/hr and four wells
will possxbly be drilled in and around the SD drea.

Conclusion: In qase nO.lmpIOVement of the-ex1stlng dam is

made, 50 ha of irrigation area would: have to be reduced .

out of 300 ha of the present ‘area, when donestic water is
fully supplied. By using groundwater as a supplemental
water. sources, there is no water shortage, without any
reduction of irrigation area, even in a critical drought
period.’ :

Song Hong (NSD, No.18)

The Nong Song Hong reservoir, which was conStxhctéd by
RID, is located 2.0 km south of the SD. The storage
capacity is 380,000 cu.m. The heightening of the dam
embankment will be requlred to meet the proposed water
demand.

The Nong Kom Ko pond is located 10 km north of the SD.
The storage capacity is approximately 10.0 MCM.

Judging from the result of pumping test, safe yield of the
drilled well is 7.5 cu.m/hr and three wells will be able
to be constructed in and around the.SD area

Conclusion: Heightenlng of dam embankment by 1.30 m,will
be required when water in the Nong Song Hong reservoir is
used for both irrigation and domestic water supply.

In case of using groundwater as supplemental water:
sources, 1.10 m heightening of the embankment will still
be needed.
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(11) Huai Kha Yung (NSD, No.20)

- The Hual Kha Yung, which is one of the major tributaries
of the Mun river is flowing near the SD. The catchment
area at the intake point is 3,344 sq.km. The width of the
river is about 50 m and a fluctuvation of water level at
intake point is about 10 m between the dry and the rainy
5eas0n. '

- Droughé discharge in the design drought year was computed
by about 12 cu.m per second from observed discharge
records. : '

- Conclusion: There is no remarkable problem on the
gquantity of water intake because ‘diversion discharge for
_domestic water supply is quite small in amount as compared .
with river runoff discharge.
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CHAPTER VI. COMPARATIVE STUDY OF ALTERNATIVE PLANS

6.1. General Desériptidns
6.1.1. General

In order to determine the lowest cost of the waterworks system
of the respective Sanitary Districts, a comprehensive study was
gbnducted based on the data/information collected, detailed field
survey and'aﬁalysis, design criteria and the results of a series of

discussion meetings with the Thai authorities concerned.

A proposal was made for the most suitable system from intake to
distribufion pipeliné,hthfough the transmission pipe, the treatment
plant, and the clear watér feservoir. This proposai was made after
careful reviews and studies had been made on hydrology, meteorclogy,
results of field survey, preliminary design, and an economic

evaluation, -

The basic concepts to specifing on alternative plan to the

study are itemized as follows:

- The raw water conveyaunce from water source to treatment
plant. is made by a pumping method because the majority of
Sanitary District areas are located at elevation higher
than the high water level of the water sources at the
~intake point.

- The water treatment plant, as a rule, can be constructed
on public. land within the SD areas. In taking raw water
quality into consideration the plant is planned as a
chemical-coagulation and rapid sand filtration type for
surface water, and aeration and rapid sand filtration type
for groundwater. '

- Water is distributed to the service areas by elevated
tanks, of which height can ensure a minimum dynamic
pressure at the connection to the service pipes.

- Whére:groundWater is available in the 8D areas, the total,

“or a.part of the required water quantity, can be supplied
by several wells,
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= i In planning availablié: alternatuves, it must be! ‘considered
that the capacity and the location of the surface water
source have a significant affect on the construction cost
and the operation and maintenance cost of the whole water
works. Also the distribution system for groundwater, such
as the number and height of the elevated tank have an
influence on the construction cost.

6.1.2. Study Procedure

The procedures mentioned- below, as a rule, are followed S0 as

to make alternative. sfudlee.

- Necessary data and information on the water sources' are
collected from the agencies or the authorities concerned,

e Availability of the surface water sources is confitmed by
the water balance simulation. The available safety yield
for groundwater was also confirmed by pumping tests at the

-newly drilled wells and/or the- existlng wells.

- The constructlon of a new reservoirs in pr1nc1p1e would be
more economical; if the distance between the proposed SD
areas and the existing reservoir, is more than 15 km, .

- The preliminary design is made on the respective
alternative plans. - : ‘

- The construction cost and the operation/maintenance cost
are estimated.

- The optimum plan is selected among the alternatives from

: the viewpoint of -economy, in principle. “If the'costs of
the alternatives are nearly équal, the optimum-plan is
selected from the technical point of v1ew.-' S

- - The alternative study was made to conflrm the 1east cost,

: ‘and the: comparison for the purpose was carried out by way
that  those present worth factors of the capltal cost for
initial two years of the’ construction period, 'and the
operation and maintenance cost for=50 years of the project
1ife, shall be discounted by 12 percent. |
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6.2. Design Criteria

6.2.1. Water Sup.ply‘

- Basic arrangemehts of the waterworks is shown in Figure 6-2-1,

i.

Figure 6-2-1 System Afrangement of Waterworks

Surface Water
Treatment Reservoir Pump
Plant . ) ]
v Jo— IR O
Source . - I—
Treatment Distribution Main Branch Hnuse.
) Systems Systems Sub Main Connec{
Intake tion
| Works
Fd
Transmission Treatment’ T Service
Water Works Works Distribution Works Works
- Source . T . .
Works
'Public water Supply Works. Private Water
L Service Works
1i,

Ground Water

Treatment| Distribution Main Branch|. . House
Intake | Systems Systems Sub Main ChiConnection
Works |~ 4
Trapsmission  Treatment Distribution Works e
Works " Warks orks

Public Water Supply Works.
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6.2.2. Intake Facllities

The water sources available in the NSDs and their surfounding
areas are classified into three categories, reservoirs or poﬁds,
rivers and groundwater. The intake method differs from one NSD to

another depending on the water sources.

Since the SD areas are generally hlgher than the site of intake
f301lities in elevation, water should be malnly conveyed by the

pump-pressuring method.
(1) Improvement of Reserveoirs

The embankment of reservoirs or ponds should be heighteﬁe& to
the required level in accordance with the recommendation of water
balance simulation when the capacity of the sources is not

sufficient for new water supply.
(2) Intake Pump

The type of intake pump'differs depending on the water sources.
Generally, single suction volute pumps are uSed for reservoirs or
ponds, vertical or inclined mixed flow pumps are used for rivers,

and submerged pumps are used for groundwater.
(a) MNumber of pumps to be used
The folldwihg number of intake pumps is recommendable,

taking into consideration operation/maintenance, emergency

situations, and changeability of spare parts.

Water Soufce Number Remarks
Surface 2 One Standby
Groundwater ' 1

T



(b) Design Capacity

The design capacity of the pump is 110 percent of the
maximum daily water demand at the distribution reservolr
in the treétmént_plant, taking into account additional

water losses and the water used in the treatment plant.
6.2.3. Transmission Facilities
(1) Pipelines

It is preferablé that the pipeline routes are as straight as
possible, but as long as the pipe that is required does not increase
greatly, it is recommendable to lay pipes along the existing roads,

from . a viewpoint of_O & M and land acquisition.
(a) Hydraulic Design
(i) Standard Velocity

For_economicai design of transmission pipelines with
pressurizing case, the detailed study om the cost
evaluation between capital costs, 0 & M costs and
diameters of pipes was presented in Appendix B.

Standard design velocity is determined as follows;

Diameter {mm) Velocity (m/s)
50 - 150 0.5 - 1.0
200 - 400 0.7 - 1.6

(ii) :Hydrauiic Formula
The Hazen Williamfé formula is adopted here.

T = 10.666 x 185 x 487 , ol+89
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Where, I: Hydraulic gradient.
' C: Velocity coefficient
D: Diameter{m)
Q: Discharge (cu.m/sec) .

C-value is selected from the following Table.

Kind of Pipé'. : C-value
Mortal lining pipe 130
Asbestos cement pipe 140
Polyviniyl chloride pipe 140

(b) Pipes

Asbestos pipes are mainly used in consideration of the
.diameters and costs. Thesé'piﬁes, however,‘are frial to
impact, so that the pipes should be carefully transported,
haﬁdled and installéd under the rocad with an adequatg
earth cover. Steel pipes with casing are used for the

railway or highway crossings.

The standard laying depth minimum is as follows:

Field ......cv0en vessas O
1

80 m
Under the road ....... 1,0

m

(c) Others
Sluice valves, air valves and bloﬁfoff valves are
installed for the purpose of safety maintenance of the
pipelines.

(2) Open Canal

Open canals are planned as feeder canals for the purpose of

supplemental water supply to the reservoirs or ponds.
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- The Manning's formqia for friction losses 1s adopted.

A X Vl/ 2/3
2 .
%—x 1 xR

Q =
Vv =

Where, Q: Discharge:(m3/s)
It Hydraulic Gradiemnt
A: Flow area (m")
V: Flow velocity (m/s)
‘R:’ ‘Hydraulic means depth (m)
n: Coefficient of roughness

névalfe-is.selected from the following Table

Lining: Condition n-Valve

Farth canal _ 0.030
Reinforce concrete canal 0.015

6.2.4. Water Treatment Plant
(1} Selection of Water Treatment System

The most suitable treatment system for each of various water
sources is selected according to the characteristic of the raw
water, The tfeatmént"system_suitéble'for various water quality dis
baSically'selected'from the Table 6-2-1. And the water treatment

systems are classified into the following Figure 6-2-2,

At treatment system suitable for the raw water of respective
NSD waterworks can be selected from the water quality analysis as
shown in Table 5-4-1 and 5-4-2, and the guideline as shown in Table
6-2-1.,

Judging from'the characteristic of the raw water of respective
NSD waterworks, a'rapid sand filtration can be applied to most of

the NSD waterworks,
Since the characteristics of water quality is changeable
depending on ‘the environment of water source, méteorological

condition and so on, regular water quality tests are required,
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Therefore, it is recommendable to .make a survey and test on the

water quality at the detail design stage.

Figure 6-2-3. Répid Sand Filtration System

Chemical Fead
Raw Water

Floccutation Tank  Sedimentation Basin
-Mixing Chamber

"Rapid Filter.
Chlorination

(2) Design Criteria of Treatment Facilities

(a) Water flow measuring device
A measuring device of raw water flow, which is measured by
a rectangulaf weir installed at the receiving well, is one
of the most important devices for determining chemical
dosing and'opefation/maintenance. |

(b) Rapid Mixing Facilities
Raﬁid mixing is the process of immediately dispering the
entire dose of chemicals throughout the raw water'by
agitating the water violently,
A hydraulic'rapid.mixing devices utilizing the difference
of water head is adopted and used in combination with the
measuring facilities,

(c) Coagulation and Flocculation Facilities
Flocculation is the‘pfocess of gentle and continuoﬁs-

=stirring of coagﬁlatéd water for the purposé'of'forming
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(d)

(e)

colloidal'particles called floc which can be readily

removed by settling.

1f a vertical type baffled channel flocculator is adopted,
where the'baff1es'can_be'adjusted to the change of water

flow and water quality.
Sedimentation

Sedimentatioh'is the process of settling flocs aggregated
by a f10cculator.by slow horizontal flow and removing the

flocs sedimented on the bottom of the basin.

The basin consists of an inlet zone, a settling zone, an

outlet zone, and a sludge zone.

Sludge is to be drained off regularly.

° Detention time ....veeeevnencane e« 3 hours

®  Flow VeloCity seeeevvevavoorsanens . 0.1 m/min

° Turbidity of water in
outlet ZODE..ssecrsasssserserasss less than 13

Number of basin ...... sessrsnssscss 2 basins 3
{more than 50m~/h)
1 basin 3
(less than 40w~ /h)

Rapid Sand Filter

Filtration is the process of purifying the water by

~passing it through the sand.

Since the friction of filtered materials becomes bigger as
time passes, the filtered materials are washed when the

friction loss attains about 1.5 m head.
Mud balls aﬁd_cracks in the surface of sand layer and

augmented size_of:the_sand should be removed by combined

use of surface wash and back wash.
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(£)

(g)

(h)

_ Filtration rate ...,.... 120 m/day |

° .Numbéf.of basin ..;....; 2 basins. (more than'SOmS/h)
_ 1 basiﬁ (less than 40m3/h)

° Rack wash yélbcity veses 0,60 - 0,65 m/min

Surface wash water ..... 0.15 - 0,20 m/min

Surface'wash'pressufe... 1.5 kg/cm2

Qhemical Dosing

.The dosing method of aluminUm-sﬁifafe is as follows;

(i) Alum soluﬁién (normally 5%) is pfepared.in.special
tanks with a hdlding capécity of 10 hou?s coagulant

feeding requirements.

(ii) Two tank are required,-one in operatibn,'while'the

solution is being prepared'in the other.

(iii) If the necessary alkalinity of the raw water as .

compared to the coagulant is insufficient, alkaline

(soda ash) should be added to the water.
Disinfection Facilities
Disinfection is the most important requirement of drinking
water. Bleéching powder is dosed in the distribution

water as a chemical disinfectant.

Pre—chlorination is required for the purpose of

controlling algaecide.

Aeration

Aeration is the process of bringing the raw watér into

_intimate contact with air for .the putpdse'qf'increasing
the oxygen content. ‘A multiple ﬁray.typé is recommendable

for ground water treatment in this project.
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This type has ‘three to nine tfays on which 5 to 15 cm size
stones or ceramic balis-are-puf and brings the raw water
into contact with air bj_the méchanical action of running
water throﬁgh serial of trays.

° - Number of trayé B

° Space of Lrays .oeeesrasesss 0.5 m

2

L]

Required area ..eceaecececesns 6.0 m
6.2.5.  Distribution System

Distribution_system_consists of a distribution reservoir,

distribﬁtibn.puﬁps, an elevated tank and distribution pipelines.
- (1) Water Supply Level

The commection level in the target year is to be at the house
connection level in principle. According to topographical and
socio—economical situation; howeﬁer, the yard connectien level or

communal tap level can be considered.
(2) Design Discharge of the Pipeline

The design discharge is to be the hourly maximum water demand
in an average water demand normal condition or the total of the
daily makimum:water demand and the necessary quantity of water for
firenfightihg, whichever is bigger, The quantity of water for

. fire-fighting per one hydrant is as follows.

Population 10,000 ...... 0.50 m3/min.
Population 10,000 ...... 0.26 mglmin..

._The maximﬁm hourly water demand is compared with the total of

the maximum daily water demand and the quantity of water for

fire~-fighting in the Table 6-2-2.
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Table 6-2-2. The Cdmparative Table ofiWétef Demand

NSD  Pdpuia— M.D. " Fire ' M.H.

Code  Popula- tion - W,D. Fig?ting Togal ' .wgn._
No. tion Setrved {m~/h) (m~/h) (m™ /) {m”/h)
5 8,559 6,000 37.5 15.6 53.1 56.3
6 6,366 4,500 28.1 15.7 43,7 42,2
7 19,028 13,300 83.1 30,0 113.1 1247
8 24,089 16,900 ~ 105.6 30.0 - 135.6 158.4
10 - 7,037 4,900 30.6 15.6 46,2 45,9
12 7,190 5,000 31.3 15.6 46.9 46,9
13 8,788 6,200 38.8 15.6 54,4 .. 58.1.
17 15,084 10,600 66.3 . 30.0 96,3 1 99.4
18 12,310 8,600 53.8 30.0 - 83.8 80.6
20 7,011 4,900 30.6 15.6 462 45,9

Remarks: M.D ; Maximum daily water demand
M.H.,W.D; Maximum hourly water demand

.W.D
W.D
Therefore, the design quantity for pipéline is to be the hourly

maximum water demand, since this level is greater of the two.
(3) Water Pressure

(1) The minimum dynamic water pressure is to be 1.0 kg/cm” at
the house connection level, Howéver, the minimum water
2 :
pressure is allowed to be 0.7 kg/cm™ at the yard

connection level or communal tap level.

(ii) The maximum dynamic water pressﬁre is to be 3.0 - 4,0

kg/cmz.
(4) Distribution Facilities

The distribution reservoir is provided to balance the constant
sﬁpply rate from the water source and treatment plant with the'
fluétuating water demand in the service area. The storage volume
should be large enough to accommodate the cumilative difference _
between water supply and demand. The capacity of the diSfribution

reservoir and elevated tank is estimated in Appendix B,
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(a)

(b)

()

(d)

Distribution Reservoir

The capacity of distribution reservoir is to be six hour's

volume of thé maximum daily water demand.
Elevated Tank
A gravity flow method from the elevated tank is used for

distribﬁtioh. The capacity of the elevated tank is t6 be

two hour's volume of the maximum daily water demand. The

low water level of .the tank is to be the level which can -

ensure the minimum water pressure at all the connections

“to the service pipes.

Distribution Pumps

Three ﬁumps are provided, and two pumps driven by electric
motor and one driven by engine for standby. The capacity
of the pumps is to be determined by the maximum hourly.

water demand. They are operated according to the water

‘level 'in the elevated tank. The single suction volute

pump will be éd6pted.
Distribution Pipeline System

The network sYStem.is generally adopted. The network

system is classified into the following parts.

Classification Diameter (mm) - Pipe Material

Distribution Main more than 100 Asbestos cement for
more than 150 mm
Polyvinyl Chloride

. _ for 100 mm
Distribution Sub-main 75 Polyvinyl Chloride
Distribution Branch - 50 - " -
Service Pipe 10 - " -
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* The pipe materials are selected based on inner water

'pressure cost and actual results in the PWD's waterworks.
(Appendixz B) '

Table 6-2~1 Selection of Water Treatment Systenm

Water

Raw Water Quality (Maximum Annﬁal) . Treatment
Source - PH . Turb. Color - Fe - Process

Groundwater (A) 6.5-8.5 <5 <5 < 1.0 Chlorination

Groundwater (B) 6.5-9.2 < 30 < 15 < 3.0 Aeration +

‘Rapid Sand.
Filter

Surface Water (A) 6.5-9.2 <15 <15 < 1.0  Slow Sand

Filter

Surface Water (B) = 5.0-9.2 <1,000 <30 < 5.0 Rapid Sand

& River

Filter

Note: 1)

2)

3)

Table 6~2-1 is generally applied to select an adegquate
treatment process from water source to treatment plant,
and the table are rather preliminary standard. .

In case that the results of water quality analysis are
nearly equal or over than the indicated figures, by
carrying out analysis such as jar test, it is necessary. to
judge whether the water can be treated for drinkable or
not, its treatment process is economlcal or not in respect
to chemical dosage and O/M is possible or not.

Rapid sand filter process for groundwater rvequires
pre-chlorination In some case or not require it in other
case. Its selection depends on the raw water gquality
analysis and estimation of change of the water quality.

Selection of slow sand filtration process is based on the

water quality analysis over a year in due consideration of
contamination of the water.
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6.3. Alternative Study of Watérworks
6.3.1. General Deécriptions

As diSCuésed in thé prévioué_segtion; thé'available;water
sources for the proposed Sanitary Distriété only consisted of
surface water, exéebt the Sanifaiy bistricts of Kusuman, Phon
Charoen and Nong Song Hong where groundwater is useful as water

sources for full and/or partial water requirements.

So the establishment of .the ?ossible'éource altetnatives, for
the respective Sanitary Districts, and their comprehensive. '
evaluation were carried out,.concentrating on the surface water

sources'in order to verify the lowest cost system.

Furthefmﬁre, since most of the SD service areas extend almost
flat with little topographical fluctuétibn,'there.will be no cost
difference among the_alternétives for'one_SB.' The comprehensive
evaluatioﬁ,‘pherefqre;.mostly concentrated on the intake methods and
the water conveyance routes for a new system, as well as the
.construction costs and 0.M costs for available water sowrce
altérnativeé, which were recoﬁmendéd_in‘éhe water balance simulation

from viewpoint of water quality.énd quantity;

on the other hand, for the three NSD areas where the
grouﬁdwater is available, a comparative study was carried out on a
distribution system with'gfoundwater pumping facilities'aﬁd on the
overall construction cdst and.operation/maintenance cost using '

either surface water or the groundwater as sources,
6.3.2. Basic Technical Concept of the Alternative Plans
Location:

The nearest water source from the SD area is favourable to

construction cost and O/M cost in general terms.
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Utilization of'Ekisting Reservoirs and Ponds

The'existing reservoirs or'ponds that are used for irrigation
or domestic water at present will be utllized to minimize
'construction cost of the pr0Ject, if there are no problems in

supply capacity, water right and 0/M by the agency concerned.

The reéservoirs, whieh were constructed under SSIP by RID to
store water, are ﬁsually made with an embankment near natural
depressions or rivers, and have 4 to § meter dikes. In the
caseé_where there is a shertage in capacity, some improvement

works will be required.

Tﬁere are two possible improvement methods, such as excavation
of the reservoir bed or helghtening of the dam embankment The
excavation method does not required the reconstructlon of a
spillway and_intake structures. This, however, may involve
some:disadvantage in excessive sedimentation and salinity

deposit.
On the other hand the latter case will require heightening of
dam top. as well as 1mpr0vement of the spillway and intake

‘structures.

Counstruction of New Reservoir

In case that thefe are ne e#isting regservoirs near the SD areas

“or where there is a need of long distance transmission pipeline
works between the existing reserDir and the proposed treatment
plant, a new reservoir around the SD shall be comparatively

considered.

: According to the preliminary'study on the transmiesion pipeline
for small scale waterworks when the distance between the
existing reeervoir and the relevant 5D area is more than 15 km,
:constructlon of a new reservoir is recommended because of the

'advantages in lowering the cost of construction and future
operatioﬁ/maintenance, and-the case in meintenance services for

facilities.
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Water Transmissidn

Water transm1551on w1ll be made by plpeline systems to prevent
contamination of foul water or soil. In case that the water
source is topographlcally low, ‘the raw water shall be conveyed

. by u51ng pumps.

The allgnment of the transm1551on p1pe11ne shall be selected in
determlning the shorteet dlstance, or w1th1n public land along
the publlc road since there will be the add1t10na1 burden of
land acqu151t10n cost and construction of work roads or

maintenance roads.

" When the straigﬁtest'dietahee between the existing.reservoir
_ahd'fhe SD area'is less thaﬁ 50 péfcent of . tﬁe'total length of
the allgnment along the public road, the stra1ght allgnment
shall be selected together with an operat10n/ma1ntenance road
of 3.50 m in width.

Evaluation Method of Alternative Plan

A comparison of the respective alternative plans shall be made
on the basis of the most eeonomical method, in regarxd to the

cost of construction and operation/maintenance.

The economic evaluation will be made on the Basis of present
worth value which can be computed frem:the caﬁital cost for
two-year constructlon perlod and the annual
operatlon/malntenance cost during the pr03ect llfe of about 50

years with a discount rate of 12 pereent.
6.3.3. Selective Comparison of Alternatives

A selective comparison and evaluatlon for the respectlve
Sanitary District alternative plans was earrled out based: on the

concepts, and the results of the survey and analysis. There are

many possible.alternative plens and a detailed-study and evaluation

~88-



are described in Appendix B of the report. The available

-alternative plans for cost comparison are summarized in Table 6-3-1,
(1) Kham Sakae Sang (NSD. No.5)

- Alternatives:
Two alternative plans, such as the rehabilitation of Bun
" Chiwuk reservoir (Case-l) and the construction of a new
reservoir (Case-2) were selected from the original four
plans to evaluate the economic feasibility.

~- Facilities dimension:

Ttem Casge=~1 Case~2
Intake weir . 1.0 LS 1.0 LS
Feeder canal 2,000 m -
Transmicssion pipe (150 m/m) 5,800 m - 500 m
“Fill dam ‘ - 1.0 LS
Motor output ' 7.5 KW 3.7 Xw

- : Capital and O/M cost:
' ' Unit: . $1,000

item A Case-1 Case~2

Intake, feeder canal 600 100
Transmission pipe 1,450 130
Fill dam_(New reservoir) . - 7,300
Sub-total : 2,050 7,530

(1,940) (7,130)

Electric charge 107 53
' ( 890) ( 440)
Total {2,830) {7,570)

Note: The figures in parénthesis indicate the present._
: worth value after discounted with 12 percent rate,

- Conclusion.

' Case-~1, with the rehabilltatlon of Bun Chlwuk reservoir,
diversion weir, and feeder canal, was proposed as the
optimum plan from the economic and technical points of

-view.
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(2) Nong Bua Lai (NSD;INo.ﬁ)

- Alternatives
The Nong Samp reservoir, which is 51tuated near the 8D
area, is utilized for domestic water at present, and the
reservoir has enough reserve capacity for water for a new
waterworks by obtaining supplemental water from the Phai
Lung reservoir during the dry period.

- Conclusion*
~There are no potential water resources other than the Nong
Samp: reservoir, from technical and economical points of
view.

(3)  Hual Thalaeng (NSD, No.7)

~: Alternatives: ' :
There are two alternative plans to UtlllZE the ex1st1ng '
reservoirs such as the Nong Takai with a storage capacity
of only 0.16 MCM (Case-l), and the Lam Chawuk with a
capacity 22.2 MCM (Case-2). The former storage capacity
of the former is less than the water demand in this area.
Consequently, it is impossible to use the reservoir
without heightening the dam ewbankment.

— TFacilities dimension:

Item 3 Case~-1 Case-2
Transmission pipe (200 m/m) 6,000 m 20,000 m
Dam top heightening 1.50 w -
Motor output : 30 KW 50 Ky

- Capital and O/M cost:

Unit: BL1,000

“Item Case~1 Case=-2
Transmission Pipe : 2,400 h 8,100
Dam top heightening 5'&00 ' -

Sub-total 7,800 800 . 8,100
o (7 400) (7,700)
Electric charge _ 428 ‘ 185
{3,600} {(6,500)
Total (11,000) (14,600)

Note: The cost of intake pumping plant was excluded from
the above table because these costs are almost
same., :
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-~ Cornclusion:
Utilization of existing Nong Takai reservoir with some
improvement works is recommendable for stable water supply
because the operation/maintenance cost for the proposal
accounts for about 50 percent of alternative one.

(4) Nong Ki (NSD; No.8)

- Alternatives.
* Available water sources in and around the Sanitary
- District area are only the Tung Kraten reservoir, which
has the storage capacity of 1.60 MCM. The reservoir was
constructed for the multipurpose use under the ARD's
accelerated rural development project.

- Conclu51on :
“ The Tung Kraten reservoir is only the water source for the
project and no other alternative plan can be considered.

(5) Huai Rat (NSD, No.l0)

- .Alternatives:

Huai Talet reservoir, with capacity of 18.5 MCM is located
at 15 km southwest of the SD area. There are two routes
of ‘the main irrigation canal from this reservoir.
-Rehabilitation works of the canal will be completed by
1987 'under the NESSI Project of RID, There are no
available alternative water source other than that
mentioned above. The project will be expected to use the
“right main-irrigation canal as for water transmission, and
‘a link, canal shall be constructed for the additional 100
m, up to water treatment plant.

‘- Conclusion:
Utilization of Huai Talet reservoir and the right main
irrigation canal is the optimum plan for the subject
' Sanitary District waterworks. In comnection with .the
above, a small scale regulating pond is required to
supplement the watér in case of an interruption in
irrigation water supply due to periodical canal
‘rehabilitation works. Fortunately, an existing pond,
which has the sufficient capacity of 30,000 cu.m (45 day's
water demand), is situated near the proposed water
treatment plant.

{6)  FKhun Han (NSD. No 12)

- Alternatives‘
Special attention must be pald to the phasing plan of
the waterworks system development. Recently, the Sanitary
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District boundary was éxphnded frdm the_origiﬁgl-area of
2.2 sq.km to 12.0 sq. km. Most of the newly expanded area,
however, is a thlnly populated agricultural zone. :

" The subject prOJect can be phased into the flrst phase for
the original and the second phase for a new area.’
There is only one watér source, being the Nong Si
reservoir, with capacity of 3.8 MCM in ‘the $D area, and
the Nong Si river 1s connected to the cutlet of the
reservoir. Three possible alternative plans were prepared
in view of the 1nLake method of water from the water -

" source.

- Conc1051on' :
The method of diversion-of water from- the water qource was
concluded to be only available through the Nong Si river
because the Royal Irrigation Department (RID), who. manages
the said reservoir, could not, give a consent to a direct
diversion of water from the reservoir,

{(7) Kusuman (NSD, No.l3)

- Alternative: o . o ‘

Four available alternative plans were proposed, in which
two plans were based on a surface water source and the
other two were based on a groundwater source. With regard
to the surface water source, the utilization of the
existing Huai Daeng Reservoir,. and the construction of a
mnew reservoir near the SD on the Huai Saphoe which has 20
sq.km catchment area with an annual ‘runcff at least 2.0
MCM, were proposed. On the other hand, a groundwater

" source is also available to meet the subject S$D water
demand which was evaluated in the previous Chapter V of
this report. From the evaluation of safety yield, three
deep wells would be necessary to supply raw water to the
entire subject area. The two proposed plans for the deep
wells or grbundwater source, is to evaluate .which method
of the treatment is more efficient.  The single point
pressuring method, which is one treatment plant or the
multi-point pressuring method, which would be a treatment
plant for each well, would be the most feasible from the
technological and operatlon/malntenance v1ewP01nts.

-~ Capital and O/M cost!
It is clear that a new reservoir construction cost is much
higher than the utilization of the existing Huai Daeng
reservoir. Furthermore, the detailed cost comparison of
both the facilities of the surface and groundwater sources
is shown in Table 6-3-2.
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- Conclusion‘
Three deep wells with single pressurlng method are
recommended as the optimum waterworks system in view of
"economy, water quality and quantity.

(8) Phon Charoen (NSD. No.17)

~ Alternatives:. _

" Available alternative plans were considered to be similar
to the Kusuman. Nong lLoeng Reservoir, for with eapacity
of 2.0 MCM, will be used as the water source for (Case-1).
Another alternative, in the surface water category, is the
construction of new. reservoir {(Case-2). TFor the
groundwater source four deep wells with a safety yleld of
7.0 cu.m per hour can be drilled in and around the SI area
judging from the hydroelectric prospecting and pumping
test.

- Facilities dimengion for surface water source:

: Item - - Case-1 Case—2
Transmission pipe (200 m/m) 12,500 m 1,300 m
Reservoir - 370mx370mx4, 5m
Motor output 22 KW 1] KW

-~ Capital and O/M cost:
' Unit: B$1,000

'them - Case-1 Case-2
Transmission pipe 5,500 520
Reservoly - 11,000

Sub-total 5,500 11,520

' | (5,200 (16,900)

Eledtric charge 428 ' 157
' (3,600) ( 1,300)
Total (8,800) (12,200)

As shown in Table 6-3-2, the combined use of Nong Loeng
reservoir and deep wells and/or simple water source will
result in almost the same cost when the ¢apital and O/M
costs are considered.
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(9)

- Conclusion'

The single water source by utillaatlon of the existing
Nong Loeng Reservoir is recommended from the 51mple
operation and maintendnce aspect, '

Nong Song Hong (NSD, N6.18)

- Alternatives:

The three alternative plans for the subject area
waterworks are the utilization of the existing Nong Song
Hong Reservoir (Case-1), the utilizatlon of the Nong Kom
Ko Lake (Case-2), and a combination of a surface water and

‘groundwater source.

The Nong Song Hong Reservoir with the capacity of 0.38
MCM, would require the heightening of its dam top to
increase the storage capacity to meet the water demand

which could include an irrigation requirement.

Four deep

wells could be dug within the 8D area as supplemental

water sources.to the surface water.

The safety yields of

the proposed deep wells would be about 7.50 cu,m per hour,
as was determined from the results of drilled well pumping

test.

- Facilities dimension:

Ttem

Transmission pipe
Dam embankment -
Motor output

- Capitél and O/M cost:

Item

Transmission
Dam embankment
Sub~total

Electric charge

Total

A cost comparison on the

Case-1

Case~2
200 m 18,500 m
1.30 m -
3.7 KW . 11 0 KW'
Unit: B1,000
CaSe—l Case-2
50 3,500
4,050 -
4,100 3,500
(3,880) (3,300)
53 . 157
( 440) (1,300)
(4,320) (4,600)

single and/or combined water

sources was tabulated in Table 6-3-2,
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Conclusion'

- A single water sonrce, using the existing Nong Song Hong
reservolir, is the most suitable source, rather than the

combined water source system, from the economic and
operatlonal points of view,

(10) Huati Kya Yung (NSD, No, 20)

Alternative.

There is no reservoir in this area other than the Huai Kya
Yung, which runs from south to west’ along the borderline
of the 8D, It flows to north, with dlscharge of 11.7 cu.m
per second durlng the dry season.

The location of pumping station along the Huai Kya Yung
shall be designed in taking into account the fluctuation
of the water surface in the river, which is approximately
10 meter in. difference, the velocity of flood, the deposit
of soil near the proposed pumping station, and rock

~excavation for the facilities.

A alternative plans‘ﬁefe_prepared'only for the intake
method of water from the river being the selection of the

most suitable pump types.. The pumps that are viable

choices are inclined shaft, vertical shaft, and horizontal

. shaft pumps.

Conclusion:

The inclined shaft pump is comprehensively superior to
the other alternatives from technical, operational and
structural suitability.
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