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Chapter 1 INTRODUGRION

Events I.eadmg to the Detail Dos:n,gm for the Chiang Mai

'-Water Works bepansm.on Pro,]eot

Present Status of the Chiang Mai Wator Works and Its Plaming )

Dogired Objeotives of the Waler Works xpansion Frojoct

Phési__ng of the Dotail Dosign






Chaptor 1 ° INTRODUCTION

Works Dxpanalon Proaeot

Chiang Mai Clty is a provineial capital located in the north-
west part of_Thailand'ébdut'?503kilome£ers from Bavigkok. -

' Ihitialiy, undor tho Colombo Plan;,a'Japaﬁese planning and
'survey téam vigited Thailand during the two years -of 1968 and 1969,
'followed by v131ts'to-mhaﬁ1anﬁ during 1970 and 1971 of the Naito
planning and survey group, and others, As a result, the govérnment
of mhalland requosted in Maroh 1971 that-a teaw. be dispatched to
make- plang and survays for-the_two cities of Kerat and Chiang Mai.
The OvchGas-Technical 000peration'ﬁgency of Japan.thén sont to
Thaildﬁd-afgroup headéd:by Dr; Tﬁmdn Ishibashi of Tokyo University
- {0 make a feasibility survey . The survey extended over thirty déys
in March and two weeks in Angust, and the report Wasm submitted al
_the and of September. ' ‘ '

Next, in response to another request by the Government of
Thailand in June 1972 the Chiang Mai City Water Works Detail
Design and Invest1gat1on Group, £rof Tokyo Englneer1ng Consultants
Co, Ltd., with Dr, Sachiho Naito as consultant, was. dispatched to
Phailand. This mission extended 95 days from Jung 26 to September
28, 1972, The survey included éeological invesfigation of the site,
aurvgy of main routes atb the site, inveatigation of_domestio unit
priéeé of materials,-investigation of existing maing, and investi-
gation of existing main heads and’ other materinl necesaary for
hlanning the expansion. During the height of tﬁis work in July,
a combination of 14 Japanese and 6 Thai personnel were involved.
At the end of Auwgust, work abt the site was concluded, and 4 Japonese
mombers made a simplified design plan, so that both PMUD and the
Japanese were able to, based on design blueprinta, oxohange opinions,
and reach final concurrence after making soveral revisions, The
Japanese team left Thailand on Sepiember 28, 1972,

The present report is a final plan, produced in Japan, bassd
on the reports and records of the above work,

- B



1-2-1 The Intake Plant R .
Intake foeilities on the Ping River for the Bxisting 01d
Water Treatmont Plant provide that water be obtaiued'at the

1-2 Prosent Status of the Chiang Mﬂi_ﬁatgy Works and Its Planning

vight bank by means of a simple channel dug in thoe river bed
from the center of flow near the left bank. Because of
pollution of waters in this vieinity, this intake is not
desirablé, 8o it has been.planned {o bo abandoned, and an
iﬁtake point upstream was selected. -This location is akout
5.2 kilometers upstream from the Super Highway Bridge.
Adequate vater is obtginablc here dven'in dry seasons alfhdugh
embankmenl work wili be necessavy fo préveht erosion by flood,
becaunse the river bends, Thers is no fear of poliution.
1-2~2  The Watoxr Treatment Plant '

At present, there are two treatment plants for Chiang

Mai. One is along the Ping River at Wang Sing,Kﬁm; and: the
other at Umong along the irrigation canal. The official rated
capacity of the former is 7000 m3/day, supplicd to the eastern
soclion of the.oity, and the capacity of the latter is 6000

m3/day for the weatern sector,

Y R



1~-2-% Capacity of Existing Water Preatment Ylants

014 Water Treatment Plant:

Now Water Troatment Plant:

sgurce

source

01d Plant (No. ) Treatmont Plant)

Wang Sing Xuw, Ping River

Unong, Yrrigation Canal

 Pidter Size ”_Amount Capacity| Capacity| Effoctive
: {m) S 5, 5, Gapdoit
_ w?/he )] {n faay)| (n3/day
*Filter No.) |2.50 x %.,0] 2 {fan shape)] 40 ' 960 0
Filter No.2 |4.00 x 3.0[ 2 80 | 1920 | 960
Pilter No.3 [4.00 x 3.0| 5 250 6000 | 6000
' . N - JE
~ Total: 570 a8s0 | 6960
‘ (or 7000
in round
figures)
New Plant (o, 2 Treatment Plant)
Pilter Size Amount Capacity Ca acitg
(m) (m /hr.¥ {ud /day
-Filter No.l | 4.0 x 3.0 5 250 6000
Total 250 6000
Sum FTotal: 620 14880 =
13000
- -

Note!:

¥No, 1 Filter ig %o be abolished,

shall be considered a stand-by,

One tank of No, 2



lear Yolls and Elevéted Tanks .

Old.Pianf
o
'E.T.-NQ, i
O, No. 1
oM, No. %

Em—

Sive

dn tho towor.
" in fhé towoer

“'oyiiﬁdrical

1 27,0 x 21,0 % 2.65

Tofal:

Hew Plani

Sizo

PPN

Gapécity
)

200

300

oo

1800.

2800

Ca¥acity
it

-¢ ¥, No 1

27,0 x 22,0 x 2,65

1800

Total:

Hum Total:

1800

S
ac00 |

ekttt



1-2-4 Dist'r_ibx;j;;;;gg Ma@mg_gg
: The.systém for the existing No. 1 Treatment Plant uscs_.

ngﬁur#l gravity flow-ffom nn_elgﬁatéd tank, whiie wafev from
the Existing No, 2 ’I‘réétmént Plant is sent_di’réetly by '
'dastributlng pumps . - | | |

Chiang Mo Unlver31ty now haa its own. 1ndopendent WRter
wofks..u31ng a pond ag the source.

A p01nt worthy of msntlon ig that preSSule in the

“delivery malns is very low in the v1cln1ty of the railrond

. station_bn the 1oft_hank of the Ping.River. The reason-is

ﬁhai thel}QO mn diameﬁer of fhe delivery nain from the No, 1
Treatment.Piant is not largejenoughj_asiﬂill be madé clegr::
in the report-on the survey of main hegds; iﬁcluded.in
'subsequent pages of this report. Planﬁ{ng of thiﬁ‘distribut—:
flng main. network 1ncludes maklng smaller the present gupply
“districts, which must be improved and includcd in the new
plannlng. - | |
‘Furthermore, the present plan prOV1des that watef be |

supplied Chiang Mai University from the ¢ity water systeu,

.
-, an



1-2-5 Plan for Water Works Facilities for Chiang Mai

A, Served Population, Vater Supply &

% Stages

Purification Plant Capacity in

Stage 2

 Item |5tago 2 Stage 3
(1980) (1990) (2000)
Served Population 155000 196000, 243000
Daily General 27000 m’/d | 42000 w/d | 55000 n’/a
Maximum : : : _ _
Supplicd University 2000 4000 6000
Capacity
(n°/aay) TOTAL - 29000 46000 61000
Hourly General. 40500 63000 82500
Maximum .
Supplied University 2000 4000 6000
Capacity
(m”/aay) TOTAL 42500 67000 88500
Capacity Bxisting No.l 7000 000 TOC0
of Each ot ot
Purification Bxisting No.2 6000 6000 6000
Plant Planned Now 16000 32000 48000
5 Congtruction | _ R
(n”/ dfly) POTAL 29000 46000 61000
Capacity Existing No.1| abolished abolished abolished
ggti’;‘éh Pxisbing No.2 | 6600 n’/a | 6600 m’/a | 6600 m/a
Plant Planned New e g e
) Construction ”O(i - L 1700 ) HOOﬁ
{n”/aay) TOTAT, 51900 49500 67100




1-3 Objectives of tho Waber Works Bxpansion Project

The work of the detail design has as its objective producing
specifications, design reporis {construction cost sheots), blucprints
and other related'calﬁulation sheots, which are fully adequate for
the construé¢tion work of fhe Chiang Hai Water Works lixpansion Projeot.
Particularly, care shall bo sxercised regarding the below-listed points,

(1) Matters determined by consultation with PWD shall be ade-

quately ihcorporated into the detail design. '

" (2) Tonder for the construction shall be intervhational.

(3) Standards for the SpecifiCations shall give priority to-

180 standards, ' ’ : :

- (4} Construction shall bé safe and economical, with planning
priority given to Stage 1 (1980) construction among the three
stagas of Stage 1 (1980), Stage 2 (1990), and Stage 3 (2000),

80 as to avoid wnneceasary investment earlier than aclually
neceasary, bub still taking into considoration fulure planning,
(5) Locally produced materials shall be used to the oxtent
possible, '

(6) Maintenance and operation supervision shall bo given due

consideration, aﬁd cave bLaken in tho design stage thal long

stoppages in production do not occur because parts ars noi

available for repairs,

1-3~1 Intake Facilities

1-%-3-1 fhe pump wells shall have sufficient capacity for Stoge 3,
1-%-3.2 The pump rcoom shall have enovgh space for installing pwaps
through Stage 3
1-3-%-% Only pumps for Stage 1 shall be installed,
1~3-3-4 The space of the generator room shall have sufficient
spaca Lo install the gongrators through Stage %, but the generators

shall be provided only for Stage 1,

Mains shall be only for Stage ), itwo additional parallel

maing shall be added in the future.



1-3-3_ Mator Treatment Plant
1-3-3~1 Sedimentation Basin, F'ilier Basin, and Clear Water
Rosoervoir, '
These shall be designed. for Stage 1 as one group, Facilities for
Stage ? and Stage % shall be similar type groups, located nearby.
However, a connecting gallery shall be providad, '
Il—3»3~2 Pistributing Pump Room
| The pump room shall have space adequale Tor Stage 3, but
only pusps for Stago 1 shall be installed, _
1-%-3-% Chemical Design Room and Chlorine Disinfecting Rooit
a) Room space shall be adequate through Stage 3,
Bquipment shall be for Stage 1 only. '
b) Chlorine disinfecting equipnent shall take into considera-
tion neubralizing equipment,
1-3-3-4 Main Control Room
_ Space shall ba adequate for Stage 3
1-3-3-5 Personnel Quarters
A concrele, ltwo-story, long house shall provide for
housing 1) families, and one of these units {for the suparintendont)
shall be especially large,
1~%-%-6  Kubankment Work at the Plant Site
Embankments shall be done only For the group of facilities
of Phase 1. Required earth shall be used from excavation for lhe
drainage lagoon, and any quaniity in deficiency trucked in from
outside sources.
1-3-37 Wlevated Tanks
Direct delivery by pumping shall be used, withoul bwilding
clevaled tanks
1-3..3-8 Distribution Msins
a) Waler for Chiang Mai University, based on the daily
nayiwum demand, will be deliveved from the No.2 Trealument
Plant (by the airfield).
_b) Where the width of reads is suffiecienl, mains shall be
laid separatély for Stawe 1, Stage 2, and Stage %, ihero
roads are too narroﬁ, one maih shall be laid adequale for all
stages in the future,

- 10 -



¢) Fire hydrants shall be tho samoe type as those already in
use,
d)_ Mains under 300 mw, in diameter shall use Thailand

manufacture ashoestos~cement pipe,

1~3-4  Power and Bloctricily
1-3-4-1 Both the intake plant and the treatmenf plant shall be
supplied with 1L KV,
143—4~2 Dasign for electricity supply to the treatment plant
shall include only facilities from the fivet pole at the exit of
the transformer station. DBesign for electric facilities for {he
intake plant shall include only those within the intske plant site
after the powor and electric lines have been brought in within the
. site, '
1-3-4~% Telephone shall be used for liaison betwcen‘the treatment
plant and intake plant, so that comminication lines will not be
provided, - '
1-3-4-4 An Application for Hleciricily will be made to the Chiang
Mai City Provincial Bleclrical Aulhority {rEn).
1-%-4~5  The cul-off volume will be sel at 1000 MVA,
1-%-4-6 A bhooster generalor will be used to limit fluctuations in
electricity from the power source fo > 5%, and equipment to atabilis
electric powér will notl be inoluded in the design,
1341 Power supply vollages are to be 11 KV %0 Ha
Low voliage motors 3444  380/220¢
Electric light voltage 443W 200V

1-5-5  Structuves (ineluding the main operations building, punp room,
chemica) dosing room storage, and operational gallory)
1~%-5-1 CGenorally, consbruction shall be for facililies through
Stoge 3. Movable partitions shall be desigred to facilitate
enlarging or reducing size, '
1-3%-5.2 Structures shall be reinforced concrete and wood,
Steel frame structuves ave nol desirable as matevials,
1-5-%-% Cenerally, design shall use local, domestie materials,
a) Floors shall be polished, artificial stone.
b) Bxteriors shall be a ferrous material, silaraeng.
e} Roofs shall be corrugated asbestos slate,
w11 -



' 1»3m5«4 The seasongl climatic conditions ghould be fully congideorad

in design to provide adequate air cireulation and proteetion from

sun (meohanlcal fu0111L103 are not 1nc]uded in the de81gn)

'Prevalling winds are southwest,

1-3u5nG Ceillng helghts should bo 3,00 w or more.

1-%-5~6  Rain water and drain Wa}er shall be disposed of by S\NPS ,
1-3-5-7 Toilets shall be Thai~stylo flush toilets, and waste water

digposed of by sump-type facilitios, .

1-%-5-8 Hard woods shall he used structurhlly'and 1auaﬁ (mahogany)

for rinishes,
1-3-5-9 Scale of drawings ahall be 1/50, ]/100 1/250 and 1/500,
1-3-5-10 Desxgn shall exercise cave Lo comply: w1th the bulldlng ‘

codes and laws of Thailand,

1-4 Pha31ng of the Dotail Design

g1

.Plan of Operation for the Detail Design

1-4-1-Y Signatories

Signing of the plan of aperation was completed al 2 p.m.

‘on July 4, 1972 at the ITEC conference room by bthe following

officials}

e e e i

Xujati Pramoolpol

Deputy Direntbr-@eﬁeral

- Department of Technical and Kconowie Cooperation (DTEC)'

- Ministry of National Development

X

Damrong Cholvijarn

Mirector-General

Dept. of Public and Munlclpal Works (PMWD)

Mlnistry of Interior

Japan
Poru Hayashl

lead of Japanese Survey Team

. Overgeas Technical Cooperation Agency (OTCA)

Mln]stry of Health and Welfare

- 12 -



1-4-1-2 Ropresentatives aitonding the official signing of the plan

of operation woret

Name ' Title
Yasué Tokuoka : o Secreﬁary, Japanese Embassy
Moriya Miyamoto ~+ DBranch Chief,. OTCA
Xujati Pramoolpol _ Deputy Director-Goneral, DEPEC

Somsak ChowpraSert' "

Wanchai Siriratana

Damrong Cholvijavn - Director-General, PHUD
Kasien Anaﬁbutr | | "
Sawasdi Ofviéhian'
Toru Hayashi - Head, Investigation Team
" . "

Sachiho Naito -

4 ichi Mutsure

- 13 -
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1,

Introduction
1, The Government of Thailand requestod the Government of Japan

to 1nvsst1gate and to desmgn the hxpansxon PPOJGGt fovr Provxnclal

: Watar Supply Systom.

2, The Goveinment of Japan 5ent Lhe Colomb0 Plan exPexts at
the request of the Governmont of Thailand, to cooperate with the -
Govelnment of Thailand in completlng the master plan, startlng in
1968. ) '

%, The féasibiiity study of tho water sup?ly system both in

Chiang Mai and in_NakhbneRéchasima’was completed by the JapéneSe

‘survey toam_dispatohad in Mérch, 1971, ‘The feasibility reports

Were submitted to the Governwent of Thailand in October 1971,

4,  The CGovernmont of Thailand decided to ‘take up the wabor

supply systom in Chiang Mai as the firsi priority project and has
further requested the Governwent of Japan to draw up the detailed

design for its construction,

5,  The GOVefﬂment of Japan, in vesponse to this request, had

 decided to take necassary measures Lo carry out the dotailed design

work and haa entrusted the Overseas Technloal Cooperation Agency

'(OTCA) of Japan with its Jmplementatlon.

6, This document sets fbrth a plan of operation in regérd‘to

Lhe detailed design for the project,

11, ”§cqgg of Sufq;x ,

T The Governmont of Japan will caryy out the detallod deslgn
work with parbticulan reference tot '
1Y raw vater intake facilities
2) purification facilities
- 5) disﬂfibution systom

8, - The detailed design work of this project is confined to the

. 18t atage of'the'master‘plan desceribed - in the aforea-mentioned

feasibility reports. The mustéz plan shows that the estinated

.sezved population will be 243, OOO and the wator supplying capacity

”;w:11 bo. increaqed by 48,000 mﬁ/day in the year 2000,
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The'ﬂaster plan also prodicts that when the 1st slage i5

'comploted

served popu]ation will be 155,000 and the capacity of ;

‘_ wator supply will be 1noreasod by 16 000 m3 per daily raximum,

g, T‘ne

raw water is drawn Crom Plng RlVGP The survoy of the

“distribution system covers only the main plpellno system, whlch is

g conneoted with the exiatlng plpe line system.-

C 1IN, Exeoution of Survay

10, The

{ean will conduot field uu1vey and data collectlon as

- follovs for about three (3) months in Thalland.

()

(2)

301l Investigations

~Penetration Test - 10 holes

Core Borlng _ : 1 hole
(Thln Yall Piston Samleng) '

Surveylng

_Lavellng

* Plane Table:
- Othex necessary surveylng

(3)

()
(5)

Colleotion of data and 1nf0rmation concerning

“lavour condltmons, labour cost, construdtion
' aterlals, aonstructlon machines, laws and regﬂlations,-

deésign standards; axigting faeilities and so on,

Investigation of existing pipelines. _
Water pressure test at the connection point of the

proposed distribution main and existing pipelines,

11, - The toam w111 conduet the follow1ng detalled design work for

about three (3) months in Japan.

(1)

{2)

Intake facllltles

‘Intake Towexr

Raw Wator Main

Receiving Well

Purification Ba0111tjoq

Mixing Bagin

Floaculation Basin

Sedimentation Basin

Rapid Sand Filter

Klovated Tank for Washing
- 1T -



(3) Distribution system
' Clean Waler Reservoir
Distribution Main
Bigtribubion Pump -or Elevated Toank
12, The Tollowing documents wribten in BEnglish will be presonted
in draft form to the Covermment of Thailand by the end of Decowber,
1972, |

The complete documents will be presented by the end of
January, 1973,

(1) Design Report _ 30 copies
(2) Specifications 30 copies
(3)' Cost Batimato 1 copy

{4) Drawvings ' 30 coploes
(5) Bill of Quantities ' 30 copies
(6) Tender Dooﬁment Forins 30 copies

IV, Arrangenments Lo be nade by the Govérnmeni of Theiland

1%, The following will Ve arranged for the survey team by the

Government of Thailand,

(1) Appointment of & project wanager who is responsible
for the Water Supply Expansion Project in Chiang Mai
and who accompanies the team when necesasary,

{2) Appointment of two counterparts and two technicians,

{3} Provigion of a furnished office and two jeeps with
chauffeurs in Chiang Mai.

(4) Provision of a furnished offico in Bangkok.

(5) Procurement of data and materials rolated to the
Project,

V., Privileeges and Fxemptions ito be Granteé to the Survey Team

LU ph AN

14, The members of the team engaged in the survey wil) be
entitled to such privileges and exemptions ag the Government of
Thailand normally extends to Colembo Plan experts in respect of

tax and duty exemptions, and immigrationffacilities.

- 18 -



VI, Signatures

EASL SN )

15, The undersigned agread on the foregoing on behalf of parties

concerned on this date of July 4, 1972,

Hr, Xujati Pramoolpol Mr, Toru Hayashi

Deputy Director-General Head of Japanese

DYEG, Survey Team
Hinistry of Natiomal . Overseas Technical
Davelopment, Cooperation Agency

Japan,

-~ 19 -~

W, Damrong'Cholvijafn
Pirector-General
Department of Public
and Municipal Works

Ministry of Interior.



1-4-2 sitb Investigation

I-4-2-1 'Particip&nts in the inveétigatioh survey weret

~ Japanese - | < o '_I'_ll&.l_ | |
Poru Mayashi (WHW) " Sawasdi Oxvichian {Chief Engincer)
Biichi Mutsuro (OTCA) ' . “Arvoon Thaiéhﬁrebn (Counterpart)
Sunao Kamedé- _ - Tospon T paros (Engineef)' '
Shigoichi Kobayashi - Suitichai Anombuta {Engineor)
.Sachihd Kaito | ~ Vera Rangkao - (Techniciah) |
Hajime Yamada | ’ | Suwaﬂ'Kiinbulé'(Bofing Eﬁgr;)"
Pomio Matsuhashi ' Paibuﬁ’Trithuﬁ.(Boring:Engf;)
Makoto Kaneko o " WHroon Rungrong Thanin (SUPt,,

Masaharu Takasugi' Chiang Ma1-W§ﬁer Horks)

Kazufumi. Mowmoso
Koichi Kato
Minoru Kujima
Padashi Akakabo
Makoto Sato .
Kaﬁasugi Watanabe
- Yoshinori, Takada‘

Takashi_Suzuki
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~4 2~?

The 31te 1nvest1gat1on was, oonducted in regard to matters

listed below. Work at Chiang Haltwas done bctwoen July 30 and

Aug, 30, 1972, and'four:Japahe%e 1emainéd in Thailand For

" consultation work and to produce drawlngs votween ﬁugust 31st

and Sepfember 28, before return}ng to Japan.

)
.

)

B

o)

)

Walklng survey of site 1ncluded raw water intake p01nts,

1ocat10ns for treatment plant and pipe routes.

Site 1nvest1gat10n 1ncluded the intake plant, treatment

p]ant and dlstrjbutlng wnain routeb.

Slte geological'investigation included étandard boring
sampling'for”the intake plaht'and treatment plant sites,
and projected 1ocat10n of the conduit brldge, and

productlon of soil strata maps.

Water pressurc investigation included installod pressure

meters and newly selected 10cations in the existing maing,

Investlgatlon of underground pipes included checPlng
depth, type, and dlameter of exlstlng mains runnlng close

to newly planned malns.'

Unif costs for dgmestic labor, raw material, tranaport,
taxes, and duﬁies,‘as'well'és gstandards for manufébtured'
auxiliary items or parts were checked, Alse vegulations
vegarding réstoratioh, ete., of road surfaces, Such unit
prices for labor and materials as were nol available atl
Thai government offices were checked with local city

merchants,

- 21 -



and Clionts

" Consultations were held from Sept 20 to Sept 22, and

further verified by various covreﬁpondence after return Lo Japan of

the Japanese ongineors,

e 1
. : ' 11 12 1
,,,,, Bk S PO O N
Drawlngs i
Building
Calenlations T o |
'—ﬁydraulxc :
Caloulations " _
Qu&ﬁi&ii-vmﬁum » '
i} C;L,;. N S AR
Estimation of
Conatruction Sl
Losta — -
Spec1f10atlons N I S
inﬁ;éd;ildngous ' S
Note: The schodule was changed for submission of the interim

report at the ond of Docember.

After discusaions with PWD in‘early January in 197%, some

seelions of the Design report were changed,

wag changed as followg:

pom e

hAccordingly, the schedule

e S T | I
- \Honth 197% - :
Item “““‘“*“H“H 1 2 3 4
A S S .:‘f._‘:::::_ P SR I R TP NS SO S
Dr&w1ngs S -
Bulldlng Calculatlons ———
Hydraullﬁ Calcuiétlons o .;;wm,;:m;; R
Quantlty Llsts
thlmatlon of Congtruotlon
Coats T
Speclfmcatmons
Prtnting Mlscoltaneouo | ‘ 7 ]

- DD



1-4-5 §uhmissi6n of tho Draft Design, and Consultation on Iis

Contents

_ a) December 12, 1972

One engincer was gont to Thailand, hand-carrying material

b) January 3, 1973 | o :

Two additional personncl were soni to Thailtand for consulto-—
tions, held ab.a PUD conference room on January 9th.
Ropresenting Thqiland were the Honorable My, Danmong
Cholvijarn, Director-feneral; Mi, Kasien, Division Head,
Mr. Sawasdi, Section Head, and Mr, Avoon. Japanese present

were Dr, Naito, and Messrs, Yamads and Takasugi.

1-4-6  Interim Report,
On January 20, 1973, an interim.report was made Lo a Work
Supervision Commitiee at the Japarese Ministry of Health and
Yelfare, deternining the manner of wvovising the various itens

desired to be changed by the Thai govérnment,

1-4-7 Submission of Final Design Report

Three persomnel will caryy the final desipgn report for
submission to Thailand by March %1, 197%.
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2-2 -

2‘“4

2-5

2~6

Gliapter 2 SITH INVESTIGATION FOR T3 DETATL DESION

._.Scope of Invcst_igatioh
Poersonncl and Duration of I:lVostigation Survay
: Walking Tnvesti gation

Siu*\.f_eying'

Gsological Investigation

Water Prossure Investigation

Investigatio‘n of Undsrground Pipes






Chaptor 2 Site Investigation for the batail Design 

21 Scope of InVestagatiop
The Feasibil:ty Survey completed in tho summer of 19?1 wag uqed
~ fow leference. ‘In ordor to assamhlo the addltlonal design data. f

necessary to begin detail d051gn, surveying was done as indicated
below ovgr‘a 9h-day. period between June 26 and S@ptember 28, 19!2
2-1-1 Gonsultatlon and Liaison with the Thai Covernient
2~ ~1-1 T1mel June 27, 1972 at 1 30 pan,
1P1ace= lerary, FMWD, Bangkok

Partlclpanté. _
AL e Messrs, Kasion, Sowdsdi, Avoon,
: 6utth10h01 and  Tospon |
Japanese P Messrs. Hayashl, Kameda, Kobayashl
“Mutaure, Yamada, Matsuhash:, Kaneko,

Takasugi, and Sato

- 26 -



2-1-1-2

L T

Time: June 28, 1972 at 1130 pm.
Place! Library; PMWD, DBangkék

Participants:
Thai -
Japanese -

Mesasrs. Kasien, Sawasdi,

Avoon, Sutthighoi and

Tospon '

Messrs, Hayashi, Kameda, Kobayashi,
Rikuji, Yamade, Matsuhaghi, Kaneko,

Takasugi, and Sato, -

Time!d Juns 29, 1972:-at 2:00 pm.
Place: Conferance Room, PHYD, Bangkok

Participants:
‘Thai -

CJapanose -

The Honorable Damrong Cholvijarn,
Messrs, Kasien, Sawasdi, Aroon,

Sutithichoi, and Tespon

Messrs. Tokuoka (Ewbassy Seerctary)
Miyamoto {OPCA Branch Office Chief),
Hayasghi, Xameda, Kobayashi, Haiio,
Rikuji, Yamada, Matsuhaghi, Kaneko,

and ‘akasugi

Note: As of October 1, 1972, the PMWD changed
its designation to PWD (Department of Public

Works)
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1.

10,

11,

Technical Memorandum'
27th June 1972
Wator Denand for Univerﬁity;

This is dcflned to be the daily maxima ﬁemand.

Bxisting Cap&olty

It is confirmed to be 7,000 m5/day at Lhe old plant and
6,000 /day at tho now plant

High Water Level of Rivex:
This data will be provided by PMWD,

| Turbldlty.

Maximum turbidity may be around 1,000 ppm or less, but this
data will be provided by PMWD,

Drainage Systemt

This system is adopted as comparatlvcly cheaper than using
a 1&g00n.

Clarifier!

Thisg shail depend on the turbidity aforementioned, The
clarifier adopted is considered Lo be oompﬁratlvely less in cost

~and of high efficiency.,

Filter:

“The conventional type is probably ‘adequate, bub the automatic

vashing system shall be further discuased.
Depth of Distribution Pipes:

In general, all pipeés shall be laid under the side walk,
but thig may denend upon conditiong at the site.

Load of Trucks:
Standard criteria is based on 20 tons maximum,
Railway Crossing:

Data is provided by the PMWD from previcus data approved Ly
the Railway Department.

Connection bebween New Pipe and Bxisting Pipo:

The location and depth of exisﬁing pipes shall be notified
by the PMWD.



213

(6)

" Walking Invesiigation

Instrument Surveying
wologieal Investigation

- Wator Pressure Investigation

Inveétigation:of Underground Pipes _ . _
invostigation of Unit Costs for Labor and Materials,

of MToxes or Duties, and of Laws.and'Regulatiqns

Drawings Produced in Bangkok

(1)
(2)

Drafting

Liaison, Coordination, and Consuliation
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.Persohnel'and Duvation of Investigation_SuPVey

2-2  Names of'Peréonngl‘iﬁ the Site Investigation and Days in
Thailand (June 26 = September 28, 1972)

Name " |pate of Dato of Days ~ Nature of
| Affifal | Departure Ti;iland Duty-
1 Hayaéhi, Tora - June 26_ - July 5 10 |Heaa of Jﬁpanesof_'
o : o ' ‘ pérsonné]
P Kameda' Sunao onn " 10 ) 15 ‘_ Walklng burvey
Kébﬁy&shl, Shlgelchl now I "o10 muiﬁ o e T
4 NﬂltOJ";;ChlhO _ e Aug “é ————— _""m&gfukm Walking ;ﬁrvqy B
. ' general investi-
_ gation
Hfgdgﬁﬁigﬁro Eiichi | * * _imn' " s " W
) 6 Yamada, Hajime ’fh;m“"j Se£f_28_ 9% Aééamblinngﬁnd

lorganizing datin,

and reports

‘7 Matsuhashl, Pomi.o wo oo 95 Surveys for
undexrground mains,
investigation of

Wwaler pressures

) Kﬁneko Makoto | " " o ﬁmu&ﬁuéﬁﬂh}i;“mmm oo "
------ Takasugn, Masaharu won [ R A 9% " " -
10 Kato, Koichi July 6 | Awg & | 31 Instrument survey
11 . Momose, Kazufumi B T BT éumgfiﬁjl e " ‘
”Ié ----- @akdda.ﬂfbshlnorl B July 56“ lé—mwm‘Structﬁ;;i
engineering
15 Susuki, Takashi | " " | 9 20 | 15 |Kleetrical
_ engineering
14  Sato, Makoio | Gﬁne 26 | "0 15— Geologf&él survoiml
B S e B R e —
36 Kougin, Hinow | % 0| 5|5 Tastranens urvey
17 Akakabe, Wadashi | 0 | 0 5 [Tz TR D




2.5 Watking Invostigatlon _

2-3-1 Possibilitdos for the Intake  Plant Site
Three or four s1tes were consldered for the fOllOWlng
conditionst A .
2eBelml Assurance that condltions for watar'lntake would not be
1mpalxod at a futu1o tlme. ' '
2-3.1-2 - That the: site be inexpen31ve, and easy to acquire, -
2.%.1-% Phat’ the 91te wou]d not he vulnerable to pollutlng
“influonces. . .
As a result the point gelected was ébout 2.9 km, upstream from

_ the hmghway blldge on the 1eft bank of the Plng Rlver

2 3.2 Tuo Site POSSlbLllth% for the Treatment Plant
Conditions taken into consideration wora!

2~%-2-1" That the 31ts be inexpensive and easy to acquire,

2 322 That facl]ltles for waste water disposal be not costly,
DB That the location be favorably located w1th respect to
the dlstrlbutlng maln network, o
2.5-2-4 fThat. -the locatlon be favorable with respect to the

~ intake plant,
The location selected is adaacent to the ico plant a]ong the
hxghway

2 4 Survaylng
_ The scope of the surveying included the 1ntake s1te the treatu
ment plant 51te, tho raw water cannl, and dlstrlbutang maln routes, '

w1th plane table and levellng, and survaying of offsets as follows:

- Offset 30,96 ke,
Lavellng : ' C 30,21 km,

Lfotalt | 61.17
' 'Piéﬁé Table .
" Proposed Treatmont Plant site 38 000 Rai {60,800 m2)

‘Proposed Intake Plant site 0,725 Rai ( 1, 160 1 ?)
Site, for Lodglng at Intake Plant 2, 62) Rai ( 4, 200 m2)
b s iy

Potal: : : 41,350 Ral (66 260 m
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- 245 Geolqgiga dlnxﬁﬁk;gaiign :
For the geolOgloal sUrVey, standard bormng tosts and geological

: spbata_maps were made_of thq_yarlous 1ocatlons 1ndlcatcd below,.

_ﬁd. .ﬁeﬁth“of Boring' i_ . :_.: 'Lpégtioﬁ_
| w) R

No. L 108 Right bank of hxghuqy bridge

No. 2 | 105 i“f:‘ _Ex:stang Water Treatment Plant site '

No. 5 C15.5 | Propoged Mater Intake site :

No. 4 C1Z.5 . Proposed.Water Treatment Plant sxte

-NO.‘S 12.5 I . Cac o l'_l'. : no w o ou
. NO» 6 12.(5 ) ' :n ) n . wo K n It

No; .'7 1245 o et 3 u . :  :'|- : "':ll"l_ Cw

NO. 8 _. 12.5 - L : T oy . n ETE

Mo, 91 © 15.5 " Proposed Water Intake site

Fotal | . 114.8 | ;




25 -1 Objectives .

ntﬁbh{ané'Max; a goological survey was made for the water
works expan51on oonstruotlon. In main, the. 1nvest:gatlon oonu1stud
of tost boring. Tho aves invastlgated was a flat avea along the
Ptng River, where a fan"shaped avoa with a strata of congtomorate
materml wag found about 10 Q0 m. below the surface.

Stratae con51sted of an upper sand 1ayer a layer of olay,
middle layer of sand, and the sirata of coarse oonglomorate matorlal.f:
As a foundation for bulldinga, it appears that the middle layer of -
sand ox the strata of conglomerate material below ave sat:sfactory.
Slnklng does not soem much of a problem in the sandy earth Since -
the underlying ‘strata is deop, pile foundatlons are feasible, while
the long~term allowed suﬁporting strengﬁh of the coﬁglomeréte ,
matoria) strata is slightly less than twice that of the upper sand
layer. Cholce between the two layers to lay building foundabions |
~ would depond on the time of the consiruction, costs, and operatlng
conditions, Th& uppoer sand 1ayer and the clay 1ayor are soft and
-weék, 50 bhat there way bo negative friction, and theve, the_
Nevalue wny be a comparalively lavge N == 10, If the areas of %he
various sirata could bé clearly defined, the type of foundation
work might bo varied according to tho location, providing'a still
more rational foundation design. HdweVer, at present, the use of

pile foundations for all structures scems proferable.
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- 2-5-2 Qutline of Investip&tion.

2-5-2-1 0b1ect1ve of Investlgat;_n

This investigation was conducted to obtaln design data,
xenderlng clear condltlons pertalnlng to the foundations,
mainly of building sbtructures, for the intake plant, treatmont'
plant'and velated facilities for the water works expanaion

projoet of Chiang Mai City,

2a5w2~2 Area of Invest1yat10n

Along the Chiang Hal super H1ghway and the Ping River of
Chiang Mai City, Thailand (Refor to draw1ngq locating boring

pointy and survey locations)

2-5.2-3 Period of Investigation
July 2, 1972 to August 6, 1972

2-5-2-4 Bcope of Investipaiion

The survey detormined the distributlion and nature of
geological strépa, and the nature of these soil strata by
boring tests, and also obtained MN--values as data to estimato
carth bearing stresses. The original intent was further to
ébllect'undisturbed earth samples to conduct laboratory tests,

 but it became apparent there was no special neccessity for '
this wofk, 80 1t was suspended, The number of lests made are
shown separately at the end of section 2.5-2-6,

T



2-65-2.5 Main Equipment and Tools Used,

Personiel

i: Them = _ Mode; : . Cgpao}ty or Quantities
Drilling Maching | = TFP-2H 50.00m | 1
Hotor Yarmar Diesel R HP_ -y 1

F.8 '
‘Drilling Tools "" ' 1 set
Iron Scaffolding | ' S e 1

Egquipment for
Standard - : Ytoms meeting [JIS standards. 1 set
Penotration Tests . L :

Auxiliary Tools | . . o 1 set

Notet The-pﬁmp used for drilling was biﬁtnn type, with a capacity
~ of 30 4/win,, and connccted to the TPP-2H boring machine.

'ﬂ‘jﬁ B



5-2-6 Outline of the Tnvostigation

The.ﬁévk was done by a team comprised of Suwan Klinbula of
the Prov1nc1a1 Water Supply Division, Dapartment of Public
Works, Kanasugl Watanabe and Makoto Sato, Access to the inlake
site; and to the existing treatment plaut was cOmparatively

-easy, but much work was. necessary for transportlng or remov1ng
equlpmcnt and for temporary access by foot to the rice~paddy
area which 3s to be the site of the proposed treatment plant,

The drilling machihe used was tho Tone Model PFP-2H, with
a rated capacity for 50 m. . The sand strala wos deep, and it
wag limpossible Lo compleﬁely remove the slime, so that
the efficiehoy'bf the pump—equipped test drilling apparatus' 
was impaired by slime accumulaiing in the circulating muddy
water., For a while,rthe bdring efficiency was low but:by using
casing pmpe, controlllng the sludge, and improving the circu~
lation apparatus, the survey was comploted within the or1g1na1
sohedule.

- As a rule, standard penetratlng tests are not used along
with underground water test boring, The Qnglneers of the Thai
. bbring team; witﬁaub éxpericnce in this technique, becane pro-

ficient in a Short'time, and their help produced accurate data,
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 2-6  Invostigalion of Water Prossures

2-~6--1 Background _
Thore are two water supply {(distribution) systems for the Chiang

Mai walerworks -- the system for the No, 1 Water Treatment Plant at
Wang Sing Kwe and the systom for the No, 2 Water Treatment Plant ab
Unong: Water is supplied direotly from the No, 1 HWater Tresatmeont Plant
by geavity flow from an elevaied wator tank (ILW.L. 328,805 L,W.L.
+325,80), and from the No, 2 Water Treatment Plant by distributing
puap with a lifting capacity of 44m, and a normal 1ift of I10~20m, the
ground height.abovo s0a lovel boing +336.6 ~ 346,06m, Moreover, the two
water traatment plants are situwatod on two flanks of the Chiang Mai
City water district and the two distribuiion systems are connected at -
their extromities, without bLeing sebarated by sluice valves,

In order 1o inveétigate the oondition of the wator supply and
of the division of the water supply districts between the two systems;
an investigation of walaer pressuray in the distribution main netuork
was conducted betwsen July 11 to July 29, 1972,

The mothod of investigation was to select 28 reference points
or lecations throughout the entirve water supply area, and to install
an automatic pressurc recorder on faucets of houses as closo to gach
point as was feasiblo, The water pressura was moasurod continuously
for 24 hours, A cortain degreo of error was unavoidable in tho ro-
sulis of this investigabtion, because moasurements of waler praossure
was not possible simultancously throughout the entire supply district,
vecanse of arrors arising from differvencag in diamatora of pipes and
distances between Lhe actual installation poinl of the various recorders
and the soleoted referonce points, and due t0 errors in the measure-
ments by the recorders, Howaever, the values are considered to be of

practical use, save for some measuramonts which varied,

2-6-2  Fyaluations Based on Results of the Investigation of Wator

Pregsures
The following conclusions concorn only the period up to the
compleiion of the waterworks expansion for Stage 1,

2-6-2~1 'The area division of load boiwcen ihe itwo distridbution sys-
temg was measured alt points as indicated in the drawing for Water
Pressure Tavesligation,

a) Points surveyod within the system of the No. 1 Water Treatment

Plant total 1%, and include Nos, 14, 1%, 16, 17, 18, 19, 20, 21,

22, 23, 24, 25, 26, 27, snd 28,
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b) Points included within the sysltem for the Nb. 2 Wator Treat-
mont. Plant total 13, and inolude Nos. ), 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, and 13, | | |
 In regard to the exlent of the wator supply area for the No. 1
Water Troatment Plant System, tho- abovo fwo distribution systems ave
not soparated by valves for the entire area along.the lof't bank of
the Ping Riveor. nor for the disirict on the right bank, Thus the
supply bowndaries tend to shif't, although they aro locatable approxi-
mately betwoen points 11 to 16, 10 to 15, and 9 to 14,
The scops of the éuﬁply'aroa Tfor the No, 2 Water Treatment

Plant system inoludes all arcas outside the No. 1 systom,

2-6-2-2  The hydrostatic press&reb and allowable strengths for

pipos underground are given below for the 28 surﬁeyed peintls,

“Survey| Yurvey Valuo for |Value Converted |Allowable Strength] Mxcess |
Point |Hydrostatic Pressure| To Heights for . or
' Above Sea Level| Underground Pipe |Defiociency
(ke/on®) (m) (xe/en?) (ke/on?)
2.00 +323.75 4.00 +2,00
2,10 320,40 4,00 +1,90
0.95 +31%, 66 4,00 3,05
2,40 +329.00 4,00 1,60
2.50 +328,86 4,00 41,50
2.45 ©+331,00 4,00 +1.55
2.20 +327,21 4,00 1,80
2,60 +322,27 4,00 41,40
2,60 329,00 4,00 +1.40
2,50 +328.73 4,00 +1.50
2.50 " 4329, 36 4,00 +1.950
2,45 327,62 4,00 C+1.5%
1,00 +313.92 4.00 3.00
2,40 +328,49 4,00 1,60
2,50 +330, 25 _ 4,00 1,50
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Survey| Survey Value for | Valus Converted Allowable Strength| Kxcess
Point |lydrostatic Prosswre] To lleights for _ or
’ "~ | Above Sea Level| Underground Pipe | Defioiency
(kg/om®) (m) (kg/en?) | (ke/on?)
1,40 332,00 5,00 3,60 7
1,10 +329,09 - 5,00 3.90
1.20 1326, 50 5,00 3,80
315 +342,36 5,00 1.85
1,42 439,03 | 5,00 | 3,58
2,00 +323,67 ' 5,00 3,00
2,20 +329.14 5,00 2,80
1.80 +327.16 5,00 3,20
2,20 328,40 5,00 " 2,80
2,15 +329.29 | 5,00 2,85
1,70 +327,571 5,00 13,30
1.80 +328,49 5,00 - 3,20
2,20 +330,64 5,00 2,80

The highest hydrostatic prossures measured at any point within
the No. 1 Water Preatment Plant system was 2,6 kg/cm2 at point No, 22
on the right bank of the Ping River, and at point No, 21 on the left
bank, algo 2.6 kg/cmz. The oxisting mains in this area are AC -
Class 15 and AC — Class 12, GS pipe, and even the Class 12 (which has
the smallest allowable strength against hydrostatic pressures) has
a leeway for safoty of 1.4 kgfomz.- The hydrostatic pressures, thus,
must not be alloved 1o exceed 4.0 kgfon®,
The highest hydrostatic pressures measured at any onc point within
"the No, 2 Water Proatment Plant system was 3,15 kgfch, found at
point No, 4, The existing mains in this area are AC - Class 15 GS
pipe, providing a leeway of 1,85 kg/cmg. Here, hydrostatic pressures
must not' be allowod to exceed 5.0 kg/cmz.




2-6-2-3 Minimum Hydraulio Prossures and Appropriate Bffootive

Hydranlio. Prossures for the Vavious Points

The values charted for appropriate hydraulic prossures are

the vesidual pressures when water is sent the distance from the

wator treatment plant to the spooified point; through appropriate

diétributing meins,

Survey | Mininum ”ﬁalﬂe Convertad|Appropriate Excass Notes
Point [Hydraulio| To lloights Minimum or
Pressure |Above Sea Lewal| ilydraulio [Defioisnocy
(kg/on?) (m) . Prass?res (xg/cn?)
. It
1 430580

0,93 +314, 51 +323. 70 ~3.19
1,30 +316,86 +319. 46 -2, 60
1,00 +313.75. +318.70 495
0,14 +307, 56 #322,50 | -14,94 |Lerge measure-
1,00 316,42 #320,20 | 3,79 |ment ewror
1,65 | +323.00 #321,60 | 42,40
1.70 +320,00 - +318.60 +1,40

- 0,50 +310,00 +320,00 «10,00 Large measure~
.73 +322,27 £323,00 | 0,73  |menb ervor
1.80 - +322,36 +321,8% +0, 51
1,70 320,73 #320,26 | 40,47
1,20 +315, 12 +318,90 -3,78
0:1% +305, 22 131751 -12,29 Laxgo measure—
1,85 322,99 320,91 | 42,08 (MOt orror
1,80 +323,25 +320, 06 +3,19

+338,00

0.44 +322,40 +333.00 ~10,60 |Large moasure-
1,50 +325,86 +398,29 ~2.53 ment exror
0,60 +315,16 +326,44 ~11,28 Large moasurc-
0,90 +316,14 +323.82 | ~7.68  |mont oxwor
1,05 +316,40 +321,58 ~5.18
1,10 314,67 +321,58 ~-6.91
0.25 +320,49 +131,06 10,47 Large moazsure-
0. 60 +320, 50 £329,49 8,99 ment error
0,60 +320,83 +327,28 6,45
0.90 +319.57 +326,08 ~0,51
1,20 1322.49 +324.,58 ~2,09
1.40 +322,64 +323.56 ~0,92
1,20 _+319,79 +324,62 ~f, 83




b) Comparison of the surveyed or moasured values with tho approprlate
m:nlmum hydraulic pressures is as follows: ' '_ _

‘Within the No. 1 Water Troatment Plant system, thoré ara insuf-
fioient hydraulic pressures at points 20, 18, and 14 south of the
fréétment plant, and iying in the city center, Als¢, thors aro
insuffioient hydranlic ﬁpossures_near the railway station'at'points
No. 25 and No, 26 on the 16ft bank of the Ping River.

Hydraulic pressures are inadsgquate throughout the entire area
served by the Fo., 2 Water Treaiment Plént systom. Thé cause of
this deflclenoy is that the Operatlng 1ift of the dlstrlbutlng
pumps is veduced to 1,2 kg/on? by the 1ift operation for No. 2
Water Treatment Plant durlng the ret tlmab for wmeasuring waker

.pressureb;
2-6--3 Adjustment or Consolidation of the qu‘Existihg‘Hater Supply
Systoms
2 6m3~ Urgéntly Required Measures to Augnent the qutrlhutlng

Trunk Main

The Basic cause of the inadequate hydraulic pressuroes in the area
on the right bank of the Ping River, served by the No, 1 Water Treat—
mont Plant system, is that the eiisting maing of 300mm, 250mﬁ, and
200mm - diamotor, betweon tho Mo, 1 Water Treatment Plant and points
No., 18 to 20, ave not large enough, Thorefore, it is necessary to
increase the mains' capaocities by laying new pipe.

Algo, the déficiency in hydraulic pressires in the wvicinily of
the_railﬁay station on the left bank of the Ping River may be cor-
rocted by laying a trunk main between ﬁoihts 27, 26, and 25,°

. 2-6~3~2 Main Networks Requiring Expanéion in the Mature

Thers is a deficiency in hydraulic pressures at all points on
the No, 2 Water Treatment Plant supply systom., DBut as stated above,
thig deficiency is caused by limitling to 12m the actual 1ift of the
pumps, tﬁe rated 1ift of which i& 44m, . Provided the operating lift

"iS'indreqsed_to about 25m, the deficionoy in water pressure will he
corrootod and also the allowable hydrostaiic pressure will not ox-
coed 5,0 kg/on2,
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2-7 Investigation of Undevground Pipes

- Reference data was assembled for use wherove#\ponnectiona
botwoen the ﬁewly plannéd mains and existing mains might be
- necessary, The sur#ey-inVolved reference to bluo prints of
distributing main route s‘remainihg in Thai recofds, and investiga=
"tion accompanied by porsonnel at the water works familiar with the:
locations of underground mains. Digglng, uuing local labor, was .

~ . doné at f0331b19 points where the mains wore not below paved roads, .

Plane view 10cations depth typo of plpe and plpe dlamotors WeTe
asoertalned ' ‘ .

- The 1nvest1gatlon showed that Cla%s 10, Class 12, and C}ass 15
asbostos- cemont pipe were used but it proved difficult to dlstlngulsh
these classes according to route, and this data is noL elearly

recordad
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Ghaptor 3 CONSTRUGTION SCHEDULE

Faollilios

lst Stage

T 2ua stea

31‘(1 Stago

Paton Intake Plant

- Grit Chamber

2.5(8) x 1.5(kD) x 15.0(L)m,
Oap. 202,5 m3/2 chambors

Rotention Time: 11.5 min,

Ret'n,Tine: 6.8 min,

| Raw Wator Pump
S el '

2.5 % 13,0 % L.5(ED) my
1 well '

L b ettt mmp i a

Rot'n,Time: 4,8 mine

_ Raw Watar. Pump

‘Room

hrs

4.9(]3')? xld.fl(b) m, 1 room

: Raw Water Pump

Sorving the No, 1 Wabor

Troafment Plant's

5.35 nd/min, x 480 x 80 K

2 gots (1 Stand-by)

Pypot  Vertioal Shaft-
Mixed-Flow Pump

1oa

Serving the Paton !-Ihater

Treatment Plantt

e, 22 m3/m1n. *x 43m x 150 Kyt

2 sets (1 Stand-by)
Type: Vortiocal Shaft
' M1 xod-Flow Pump

Trangforner
Eguipmant

500 KVA, 1 set

(Seme am for
1st Stagy,
but 1 set)

(Same ag for

' (seme as for

Genorator Room

12,0(B) x 24. O(L) m 1 room

Gonerator
Bt pment

Lodgmg Houge

500 KVA, 1 sot

9.0(B) x 16,2(L) m, 1 bldg.

for 3 families, 2-story high

[

e ne

_ Harchouse

4.0(B) x 10.0(L) m,'l bldg.

Raw Water Main

Serving the No, 1 Water

Preatmont Plant:
300mm dia, x 4190m, ACP

Sorving the Paton Watew
Praatmont Plont!
A00mm dia, x 3110m, DCIP

(Same as for
ist Stage)

ist Slage, -
but 1 set) -
1st Stage)
: v ) e mmaasad
(Seme as for .
1st Stagxa) ‘
AR P I—

(same as for
18t Stago)

B e e P



La01]1t1es

1sl Stage

No. 1 Water Troatmoni Plant

[

Rooeiving Holl

A 4w dio. X 6. 2w dopth,
Cap, 31 m3, 1 well

Ret'n, Time: 6.5 min,

Paton Water Troatmont Plant

g sarrens

‘Roceiving Hell

e e e e e

6,5m dia, x 5.5 m dopth
Cap. 183 m3, 1 woll
16

et ', Tine:s min,

Flugh Mixing

Bagin

!

I"lush Mlxer 0. ib Kw, 2 sets

e (R U P P

.9 % 1.9 x 2.1(ED) m,

2 bagins, Cap. 7.6 m3/basin

Ret 'n, Pime: 1.4 min,

Flecculation

'Basin

_— e

4 basines, Cap, 10} m3/ba51n,
Ret'n,Tinet 37,0 min,,

"locaulator, 0.75 Kw, 8 gets

Sedimentation

Basin

vt e e e

- Rapld Sand

Filtor

e

9.1(B) x 34.0(1) x 3. 5(ED). m,

P basins, Cap, 1080 m3/ba51n.
Rot 'n, Timo:  3.25 hrs, '
Sludge Punp, 15 Kw, 2 sets
(1 Stand-by)

ReL n.Txme:

4.6(3) X 9IS(L) X 2, A(ED) iy 1

Sludge serapery, 0,75 Kwy 1 set

11 min,

Rot ', Timo: .5 min,

(Same as for
15t Stago)

(Same as for
1st Stage)

'(Séme as for
1st Stage)

6.4(B) % 5.0(L) n, 6 chambers
(1 Stand-by), Filter Arcat
12 mzfchamber, Filiration

Ratio: 100 m/day

_ Operationslhm
(above Kilter)

20,0 m x 20,0 m, 1 room

(Same as For
lst Stage)

(Same ag for
et Stagu)

Clear Water

Resorvoir

T —— o hp s manaians s b t0m

Chemiocal Dosing

Room

1t ox 19.8m x 2,25m(D),
b basins, CGap. 209 m3/basin,
tet'h, Timet 0,6 hre, ‘

10,0(3) x 30.0(L) m,
| building, 2-story high

(Samo as for
]ﬁtmam)

-4

{Same as for
18t Stage)

e A b et s 8 A et o

" (Same as for
1st Stage)

(Same as for
1st Stage)

P b ——

(Same as for
1st Stage)

P S VAP

(Samo as. for
1st Stage)

(Same as for
1st Stage)

A et B e P, A
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_ 2nd Stage

e e

Ird Stage

¥aoilities

Chlorinator (Injector),

) o MAX = 10 kg/h]'n"

2 gets (1 Stand-vy)

pressure pump and

chlorinator

Faoilities . 1st Stage
Chemical Dosing Alum Dosing Emlipment'; Injection pump, Injeotion pwnp,
:Fa.oiiitiés Injeotio.‘n. pwﬁp, O.I’i Kw, 0.4 Kw) 1 set 0.4 X, 1 sot
|2 sots (1 Stana-by) o B
Seluntion tewk; Solution tank (pame [Solution tank (same.
Cap. 1745 liter, 2 tenks s for 1st Stag)  las for lst Stags)
Lime Soﬁa Fe_eder Ml pment . ~1
Injéotion pwap, 0.75 Kuy e s
2 sets (1 Stand-by) |
Solﬁ'bidn-tank;' | Solution tank {samo e
| Oap. 2500 liter, 2 tenks ag for 1st Stage)
Chlorine _|¢hlorine D?Qng Equipmenf: _-(-Same as for lst (Samo as for 1st
Doging _ Pr_éssuro pwip, Q.75 Ku, Stage, but only Stage, but only -
2 sote (1 St'anﬁ-by) ’ 1 set each of 1 set sach of !

pressure pumnp and

shlorinator

Chlorine Neutralization
Equipment: ‘Preating Capaocity)
100 kg/hr,, 1 sot

———— i

Blevated Tank

IWL:  +318.00, LWLt +315,50
Cap, 1456 m3

Backwashing

2.0 m3/mi;:~x 19m % 15 Ku, (Samo as for
Lift Pump |2 aots (1 Stond-by), Typo: 18t Stage, —
Vertical Shaft Volute Pwap | but 1 sot) N
Cloar Water  [24.0(8) x 48,0(L) x 4.0(%D) m, (Same as for (Same as for
Regervoinr 1 basin, Cap. 4610 n3, 1st Stage) ist Stago)
Rot'n,Timos 6.9 hrs,
Disteibution [8,0(B) x 24.0(L) x 4.0(ED) m,
Pump Well |1 chember, Cap. 770 m3,
Ret'n,Mmes 1,15 hr, Ret'n,Timet 0,58 hr, [Rottn,Timet 0,39 hr,
Distribution |8,0(B) x 24,0(L) m, 1 room - .
Pump Koom




L. Facilities

last Stape

2nd Staga.

3rd Stage

Distribution

Pumnp

Lo

8.4 m3/min, x 43,0m x 100 Ku,

2 sota (1 Stand-by)

Pypo: Vertioal_ﬂhaft
Mixed-Flow Pump.

14,2 n3/min. x 43,0 m x 55 K,

2 gots
Type: Vertioal Shaft

Mixed-Flow Punp

(Same. as for
lst Stage,
2 sota)

e

(same as for
1st Stage,
2 gots)

Transformer
Equipnent

500 KVA, 1 sot

Gonerator Room

Cenexrator

' (Same as for

1at Stago)

(Same as for
lst Stags)

(Same ag f;;“

500 KVA, 1 sot {same as for
R e 1t Stago) lst Stage)
| Office 13.0(B) x 54.0(1) m, 1 voom — -
Lodging House | 9.0(B) x 63,4(1) m, 1 blde., - .
with 11 family units, 2-stovy
Warehouso 4.0{8) x 10,0{L) m, 1 bldg. - .
Distribution Facilities
Distribution |DCIP DCIP
Mein Dia,(mm)  Type  Longth {m) | Dia,(nm)  fype  Length (m)
600 Pypo 3 13.0 600 Type 3 1870.0
500 O 1757.9 500 now 2180,0
450 it " 286,0 450 o 1150, 0
i 400 woow 1682, 5 350 wom 1700, 0
: 350 woom 3659.0 | —
300 W ooon 25,0 1 Effective Length:  6900,0
]_50 Ll n 14.4
1000 o 109,0
Bffoctive Longthi  7605.9

Fpp—
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or Mains

Agueduct Piping sp

Dia, 450mm, Longih 140,10m

Boogter Pump

Chamber

2.2 x 3.0 x 1,485(D) n,

1 chombor

Booster Punp

1.85 m3/min, x 10.0m x .5 K,
2 sets {1 Stand-by),

gubmerged motor punp

Replace lst Sltage punps with
2,46 m3/min. x 20,0m x 15 Kw,
2 sets (1 Stemd—-b,y), subierged

motor pwap

i Facilities 1st Stago nd Stage Jrd Stage|
Distribution |ACP ACP
Hain (cont.) Din, mf_q) Typs = Length {(w)| Dia, () Type  Length (m)
300 Class 15 2616, 5 300 Class 15 12830,0°
250 TR 5296.,0 250 W 15540, 0
200 oo 1184.5 200 woow o 12100,0
150 W 50,0 150 woow 10500,0
100 noow 4.0 100 woon 6900,0
1% U 83.2 N
Bffoctive Length:  $7870.0
Effective Length: 15834.2
G3P
Diae (wa) Longth {m)
350 10,0
300 42,0
250 153.5
200 407.5%
5 LY
Bffoctive Longlh: 630,0
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ghaptér 4 Design

4-1 Conditions for the Design Mork

4-1-1 Conditions of‘ﬁhe Dgsign Work for the Various neilities

4-1-1~1 Intake Facilitics

Providing againét a'foresééablc 1owériﬁg of tﬁe bed of‘the Ping
River at the ihtake‘poinﬁ, tﬁe-intﬁke shalizbe cohétrﬁéfedii.ﬁ meters
below the pragent elevationjof the béd..whidh'is 303,22 meters,
- The raw wabor inbake chammel shall also serve as a gﬁit'chnmber,'
Consequentiy,'the_VariOus wat&r_ievels are set as follows:
Designed high watei Ievel.,,{....... 208.0 o :
Present low water level e 50%.8 m
CFubure. 1ow water 1evel yieeeesinicas 3020w
Discharge of sebtbtled sard shall be by siphon pump.  For cohve"
nienca, there shall be provided a ‘portable Lype pump which way be
carried to the site, The intake pump shall be'a vertical mixed-{low
type, Both the_pfiming pwap and khe intake pump shall be turned on

and off by manually-opgrated push but bons.

4-3-1-2 Facilities of the Raw Water Mains

Velocity coefficient ¢ (Mazen & Williams Yormula), used in cal-
culations of distribution pipe, shall be set at 100, in consideration
of future corrosion of pipe, - '

Two raw water maing shall be laid, one to Lthe exisiing purification
plant, and onc to the newly designed pnrifieatjon plant,

Where the mains cross the highway, two casing pipe lines shall be
installed, each containing one raw water main., Connections for these
two lines shall boe-on the north side of the highway, and connecting
valves shall be installed,

The design endeavors o ubilixe, {6 the fullest extenl, existing
piping aa connective raw water maing at the cxisting purification
plant, Thus the design lihks exisbing raw water delivery pipe with
nev raw valer mains, and oxisting raw water mains with new receiving

wells.

o



4-1-1-5% Purification Facilities

a) Dogignatod Water Lovel

Phe H.W.I. (high water lovel) of the supply weservoir shall be
306.0 w with a crown at 307,0.my These values are so debermined
because the maximum flood high water lovel at the nouly designed

purification plant is cstimated to be 306.0 m,
" b) Location Plau for the Pur;fleatlon Plant

Constructlon for Stago 1, inoluding water purification faclllties
With a capacity of 16000 w /day and the supply reservoin, shall be
located together as ono group.

Construction for Stage 2 and for Stage 5 ghall be located in .
s1m11ar separale groups. '

- However, the chemlcal_dosing chamber, thg geénerator room, the
control room, and the distribution pump room shall be allotted space
sufficient for the facilitics at the conclusion of Stage 3, and shall
be houséd in the same building.

c) Construction of the lagoon

e R et s AT Dk m

Waste water from washing the rapid sand filter beds and sludge
from the sedimentation basins shall be collected in a lagoon, Clear
waters from the upper layer of the lagoon ghall be pumped into the
Ping River, while the gludge shall be taken out of the plant and
disposed of,

a) Poundation Work

The sedimentation basin and the receiving well shall be supporfed
by conerete piling. However, a sand wat at least two metérs thick
shall be laid dovn and rendered firm and solid, after which the botton
slab of the sedimentation basin shall be built on top.

Por the bottom of the rapid sand filter basin, concreie piles
shall penetrate through a layer of clay, and shall be supported by
a bottom layer of gravel.

The clear water reservoir shall bo constructed with a bottom
coﬁsisting of a sand mat, spread evenly and rendered firm. Concrete
piles shall not be .used,

e) - Agltator Mquipment

Becauso of breakdovms of the bearing seat for the undorwater

-T2



shafta of horisontal-type flocculators, necessitating frequent
replacement, & vertical-type slow action flocculator shall be used
instead,

£} Sludge Dischdrge from the Sedimehtatiqn Basig

The sludge shall be assembléd by a power-driven soraper into &
pit in one cdorner of the basin. This sludge shall Le discharged
-along with water by & sludge pump inté an open channel leading to the

lagoon.

g} Washing Equipnent for ¥ilter Baging and the.Washing Process

Equipméﬂt for underdrain Sysfem of gravity~type rapid sand filfer
basing shall cniploy perforatéd.pipes and be equipped for back washing
and surface waéhing. ' ' :

. Surface ﬁdshing shall be of the fixed type, Surface washihg
water shall be distributed from the header pipe for the distribution
puﬁps after reducing the water to proper pressure by méans bf:a |
‘reducing valve, Pack washing water shall be sent from the elovated
tank by gravity., Filtor controllers shall be installed, and washing
shall begin when-thése eonfrollers sct off an alarm, The on-off

operation shall be manual, consisting of opening or closing valves,

n) Housing of Filter Basing

1) Housing shall provent small insects from gebting into the
basins., -

2)_ Housing shall shield the filters from direci rays of the sun,
which are undesirable because they aid the propagation of

vacteria, and cause clogging of the filter surfaces.

i) Chemical Dosing Equipment

Since turbidity end alkalinity are comparatively high, during an
initial very short period of time, dosing shall be done using both lime
and alum, after which alwn only shall be used., Dosing shall be done by
dissolving in wabor solid alum, storing the solution in a storase tank,
and pumping it into the raw water by means of a dosing pump. The dosing
pump shall be a plunger pump, operated according to readings from the
turbidity moter on the meter panel of the dosing chamber as well as
readings from tho flow meter in the raw water main,

Although dosing cquipmoent shall be designod only for posi~ohlorina-

- 13 ~



tion, pre-chlerination can bhe given future con31deratlon if roqu1red
by 1nsta111ng conneot1ng pipes,
3) CGonmecting Mains at the Planb Site

Clasgs 3 DOIP shall be used for connecting wains at the purifica~
tion plant, and Class 15 ACP pipe for the waste waler discharge mains,
~For 400 mm or larger, butterf1y~type valves shall be used instead of

slulce valves,

4-1-1-4 Distribution Facilities

"~ a) Distrivution Pump
~ Distribution pumps shall be manually-opevated, vertical miﬁéd flow
type. Pumps shall be Operated according %o the dlstrnbutjon pressure
and clear waLer volume 1nd10ator3 al the control center

b) Dletxlbutlon Maing

4 300 mn or smaller mains shall bo Class 15 ACP; 4350 mm or
- larger mains shall be class 3 DCIP, o
Morcover, the.earth cover shall confora with:standards, and in
case the eérth cover should be . inadequate at places whore valves are
installed, spocial shape pipos shall be used, and the head of the
splndlo adjusted so that it is not exposed, Control valves over

500 wn in diameter shall be butLerfly type valves,

4-1-1~5 Electric Metering Bquipment

a) .Power Supply and Typé of Klectricity -
| Tyﬁe of Power Supply’
3¢3W11KW, 1 phase overhead line (50 Hz)
Type of Flectricily
Low Voltage: 38OV/250Y 34 AW
Illumination: 380V/230V 14 M
b) ‘Auxiliary Source of Blectricity
Power: supply ghal) be a one-phase line, with a private plant

generatbr Jnstallcd as an auxllnary source,

Capao1ty of Plant Generatdr-' Capacity to operate at full 1load
Plant Generator- Diesel cngine alternat1ng current
. o _" _ generntor' . |
CFuelt - A-type heavy oil

14~



e) Method of Opervation
All equiprent shall be operable as a unit by turning on or off‘by
hand but the sediwentation basin sludge pump shall be capable of
‘automatic operation by means of a bimer,
d) Flow Sheet
1) Meter flow sheels for this plan are as follows:

Intake Area .
LIA 1 'Raw_Water Pump Well Level Indicator Alarm
FIRS 1 Raw Watef Flow-IndiCétor/Racordor/Integrator
FIRS 2.4 Raw Water Flow Tndicator/Recorder/Integrator
Water Treatment Plant | o '_ |
FIRS 1-2  Raw Watef Flow Indicatbr/ﬁecorder/lntégruLar
PIRS 3 Backvash Water Flow Indicafor/ﬂecorder/Integrator
FIRS 4-% Distributing Water Flow IndioaLor/Recorder/Integr&tor

TIR 1 Turbidiﬁy Indicator/Recorder
PA 1 Chlorine Gas Preasure Alarm
PA 2 Digtribution Pressure Alarm _
CLA 1+ Leakage Alarm for Chlorine Gas Cylinder Storage Room
CLh - 2 Leakage Mara for Chlorine Dosing Roon
A 16, '1-12 Water. Level Meter for Rapid Sand Filter
13-18
RIA 1-6,7-12 Rapid Sand Filter Resistance Irdicator Alarm
13%-18
I.TA 1 Distribution Pump Well Walex Level Indicator Alarm
LIA 2 Elevatéd Tank Water Level Indicator Alarm

- 5 -



2} - Flow Shaot for Klockrit power froi the Sub-Station

-

 PRANSPORMER SUB-STATION

llkv

3"‘4 420" -

1st btago a e
o 500 KVA ~.F[sms STATION
|! “““““““““““ s St
31 2nd Stage ! dow kv o Hz
B eo0 gya 1 S o 1£ 50
uh~~—~-~~J.
(2’ rd Stage i

L 500 KvA !

L I PR R

e et A s e e bbb m A ]

k.‘_J o

PATON WATER TREACMENT PLANT | -

_PATON_WADER THPAKE

B

6

1Y
é; 54 4?0 b‘ﬂﬁ ‘fj
Nesir g 1Bt Stagt IS
sUp 9?“119”“* 500 KVA | %
. i ft
.3¢3” 50“‘ ond Stage | 3
| L. 200 KVA | &
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4-1-2 Invostigation of tho Water Q.aii.y

4-1-2-1 Place of Semplingt Ping Rivor
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4-1-2-3 Dosing Standards for the Ho,1 Wator Treaiment Plant

Tabulation of Alwa for Gorrcsponding Turbidity in Silica Unit,

Vet dw cm T Rkt v ) G Tarkiii te | Alwa Tarbiditv | Alum
SRRy Can =00 ] (o /) (pon] (g | frimd {guss")
0 0.0 15 1.2 so | 240 | 150 | s6.0
! 0.7 16 12,0 55 25.0 160 57,0
5 1.5 17 2.7 60 26,0 180 39.0
, 5.2 s | s L es 28,0 | 200 42,0
i 3.0 O w2 | 0 | 200 | 250 | 45.0
5 5.7 20 14.4 7% | 30.0 500 48,0
G 4.5 2| 18.0 90 1.0 350 54.0
7 5.2 22 | w0 | 8 31,0 406 60,0
8 6.0 24 19.0 [, 90 32,0 500 72.0
g st | 26 ©19.0 90 32.0 600 84,0
10 7.5 28 20.0 100 33,0 800 108.0
3! 7,2 30 20,0 1o | 34.0 1000 132.,0
12 3.0 35 2.0 | 120 34,0 | 1500 192,0
13 9.7 40 22,0 13 | 35.0 2000 252,0
14 10,5 4% 2%,0 1o | 5.0 3000 372.0 |

Tabulated above are the quan;itiéa of nlum vequired in grams ner ot., of rew witer
for the correaponding turbidity. This chart is used primerily for the jar test in
wiich a8 mumber of tests wilh varving amounts of nlum arve tried for optimum fioeruiation,

“ren the nmount is used as e feeding rate in water tveatmen! plant.

~B0~



4-1-3  Suxvey of Watex Levels

Sui‘véj data for water levels on the Ping River is as follows,
.Sz‘md' is belng dug conﬁuel‘cially from many places on the main
river bed, so that special ¢616 i required to prevent lowering of the
river bed by i‘éll\dqm digging. 'Also, it scems that a dam is planned

to be built up river in the future, but data on this is lacking,
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4-1-4 Unit Woights, Allowable Stresses and Allowable Bearing

‘Capacities for_the Dasign

Al =2 - Unit weights for the:design are dotermined as follows:

Ibew o Unit Yoight
Voizhi of Eapth W L6t
~ Weight of Harth n '
(3olow undergrﬁund' - w 0%
water 1evel) _ : ‘ '
Reinforced Steel Concrote @ : 2.4 ¢

Concrete S m 2.3 4

4-1-4-2 Intensity of varioﬁ§"§llowab1¢ styoés are determined as follows:

Compressive stfength of concrete (4 waeks)
G028 = 200 Kg/cm2
Compreasive strength of conorate (allo#ﬁble gtrosa)
gca = 50 Kg/om® ' |
Shearing strength {allowable sﬁress) (beans)
. 7a =5 Xgfom?
Shearing strongth‘(allowable stresé) (sldb).
Ta. =7 Kgfom®
Reinforcing steel tensive strength
08 = lQOO'Kg/cm2 .
Tensive sirength of deformed reinforeing steol
0s = 1400 Kg/cm2 -
Allowable bond strengih of concrete
0on = 14 Kg/cm2

o 84 -



4-1~4~3 Allowable Béaring Stregs for Foﬁndg&}on Work

a) Infake Site

Earth Pressurelﬁoeffieieﬁts (Boring Data No.3)

kﬁValve

N Lo+ %0050 ..
R I e
Depth 050 0 A0 Lo 30766

TSRS T

Fina
e Kiend '

e Tatake Pump Well -
S Sand

%l".l_f_.f_f'_qg’_ (EE*:_‘:"

“Barth

.

Grave

e \\ L2950,
1 11r ) 49 o

Phe N-value at 8 to 9m, where earth pressures have considerable
'effecﬁs,'is set at 4-10. ﬁliowing a safety factor, the earth pressure
coefficient has been determined with an N~value of %,
Uaing Pec, Meyerhof values, the interior friction angle is dot at
#=25, "When ﬁ:?ﬁo the earth pressure aecefficient is calenlated as
follows: _ : '
s Empléying the Coulon earth pressure coefficient graph, the value
is 0.4,

.-485»



b) Bearing Powq_l; of Ground (Sadmentatlon Baem and Intako ‘-‘loll)
Whon 4 = 2% ‘ ' ‘ '
Ne = 26, Nq-l4 Nr = 8.5
1 B . o B
o 4 —— ‘ 5 —-)1 ¥ BN, '
qa = 3 l(l + 0.3 T ) C_Ne + (0,) O'J‘L)]A Nrr DENg
S [(-1- F 0.3 xthedy o 0 x PG + (0 “ 0.1 xJi-i«
> o 2B . Lo 2815
1,0 x-].l_.d X 8.5 + 1,0 x 11,0 x 14]
= 66,19 3 66 o/ .
B 1.4 wi -
; L = 28,75 fn‘
= 1.0 t/m
Df = 110 m -
¢) MHoights Involving the Grit Chamber and Intgl{e Pump Well
Slab 0.3 x 2.4 = 0.72 :
Water . 1.0 x 9.5 = 9,5 '
Bottom slab 2.0 x 2.4 = 2,4
P
Vo= 12, 6?+126t/m
a) Karth Pressure Coef‘ﬁclents (Bonng Dat.a No.8) for the
Purification Plant . o _
Calculations are based on an N-value 5 m from the"s‘mrfacé ‘Qf the .
carth.
R | +306.00_
Rl ugiﬂ 1920 3¢ ‘
| clear We{te_r
sand| 1! ' ‘ ' Reservoir
Y : |
Clay : ' » 1t3ot.!
I | Y . Compotted Sand :
- vu 8ase
Sﬂ.ﬂd § - .7 )

- 86 -



N-value is sot at 1 for 1l to 4 m, vhere earth pressures have the
most effect '

Using Poc, Meyalhof valwos, 4 = 25°,

| :When_ﬁ = 25 ; Lhe earth pressure coefficient is caleulated as

follows! _ ;

Employing the Coulon earth pressufe codffioient graﬁh, the value is
0.4, |
e} Boaring Capacity of Ground_(Clear Water Reserveir)

When 4 = 25

He == 26, Ng = 14, R = 8.5

qa = m%n {(1 0+ 0, j”i“) oNe + rDfNq + (0.) - 0. 1~~ ) ;'an]
= A [(3 0+ 03200 )5 0x 26+ 2.0x4.9%x 14+
% 26.8 a
5 - 0.1 .26.0 5 ]
(0.5 0.1 -5y ) x 1.0 x 26,0 x 8,
= %3 t/m2
B = 26.0
L= 26,8
K
Y= 1,0 t/n”
(weight in water)
Bf = 306.0 - 301.1 = 4.9
f) VWeight of Clear VWater Reserﬁoir
Sand 6.5 x 1,6 =0,8
Slﬂb 0.3 X 244 = 0172
Hater LOx 4.3 = 4,3
Bottom 0.7 x 2,4 = 1,68
YW= 75248 t/m2

qa = 3% t/m2> 8 tfmg

- 87 -



&) :ﬁ};gygglqhygggingLCapaoity.for RC Piles (Boring Data No., 7)

{(for receiving wells, sediméntation basins, and filter.basins)

Gl . v30a.00 0 10 20 3o 40 .
1 Sand .
AT y
Clay
. 44
] 5
Sandi
:_'." o FE
‘O e
o L]
Sand 2_(:‘:’9\!6{ 4
Qb,
K-value for end of pile (BQ% assuned ) 2} % 0.8 = 27

N-value around pile
14k o+ 27 4 20

Nm = .
m y ‘

= 17

Na w024 = 112 % (7 - 102 + (27 = 1102 4 (20 < 37)2 |
IR ¢ AL , , 45

N LT3 Nm. -«—:!'.N :—_'1 — ...3'...... % 5 .‘n._. ll‘
g Mk
“Allovable Bearing Capacipy per pile

A (40N, ap 4 SNAL
3 Py

i

w88



£300 |
£ 0.3 x 0.3 = 0.09 n°

-
Lo S
!

_M‘;ij4x40-48

V'R'gm»- (40 17x0091-ls2-imit§--¢ 25 i:/plle |

$250

. '-Ap_2025x025-0062¢"..
'Af=02)x4x40m400m
_"-Rpgm..(qox17x00625+ 15;400)*1817%10
T c : »

4-1-5 Operation and Maintenanoea

4-1-5-1 Intake Fagilities
_ a). Intake Slte ' )

Removal of debrls from the 1ntake screen shall be by hand . Sand
shall be d:sposed of in the lomer reaches of the river wiLh water by'
use of a portﬂble sand pump. Operation of the intake pumps shall be
in 3 shifts per day, and the seleotlon of pumps for the work made by
telephone consultations with the water purlfloatlon plant. -

 The plant generator shall be put into operatlonrduring elebtrical

stoppages with preas buttons, located in the gonerator room,

b) Connecling Valves in the Raw water Ma1n : D

Water will be conveyed to the rjglnal old water purification
plant and the proposed new. plant. 'A connecling valve shall be placed
where tha two raw water msins for the two plants c¢ross the Supoer
Highway. By operating this valve, distyibution.of raw water for the
two plants can be repulated in GVent of an emergency fallure of one
of the two ains, ; S :

4-1-5-2 Hater Purification Facilities
a) Chewical Dosing

Flow volume is taken [rom readings of the flow metar in the raw
water mains, and {turbidity is obtained by means of a turbldity
meter. Then, uolng a table kept at hand on dosing volume, the doqlng

is done by opuratlon of a chemical lngcotlon pump.

b} Operatlon of 6low bpeed Apltatorq and_Sludge Scraper

One set of slow speed agitators may be used at times 1nstead of
two, depending on changos in the turbidity of the raw water. The
gludge scraper also may'bé stoppod at times instead of boeing operated
for the entire day. Judgement based on exporience shall guide these

. 89 .



decisions, _
o) Overation of the Sludge Pump _ o

Sludge accumulated in the pit shall be chacked by thg'opﬂfators,
and when necessary sha%i bo cleanod out by pump. Also, a timer shall

be installed, making possible timer-controlled operation.

¢} Washing of the Sand Filter Basin

The control panel‘of the Opérations room shall include a warning
signal for eritical filter resistance, and vod and green operational
signal lamps. When the warning signal indicates the necossity for
washing, the worker»inuoharge_shall operate the valves for this

operafion_by hand, and carry out the entire washing process, .

e) Lavel of the Clear Mater Reservoir

The operating personnel will operate the plant with veference to

the water level of the supply veéservoir reducing the filter vate of
the water treatment when the rveservoir approaches being compietely
filled@ fThe water {reatmant operation shall be so regulatéd as Lo
meoet basic demands under conditions of continuous operation. ~To this
purpose, the supply of vaw water shall be regulﬁted 1o meet thn shanging

demands of the seasons, .

f£) Operation'of the Distribution Pumps

The two types of pump with larger and smaller capacities shall
bo started and'stppped'Manualiy in accordaﬁcefwith reédingq of the
pressure metors and flow volume meters for the disbribution mains,

‘beQOVer, at timeé_when'démand is small, as during the night,
allowénce should be mede in operating the pumps for changes
reducing the {low volume by the partial closure of the valves on
the delivery side of the distribution pumps. .

&) Qgg;tors for P Personnel

The proposeﬁ wnter purlflcatlon plant will requlre three s shifts
each thh three oporatxng personnel or a total staff of nine
versonnel, One porsen will be roqulred to repair breakdOWns of
gquipnent at tha plnnt site,and in tho mains, Pinally, ‘a plent
superintendént'is'neceééary; Thué,‘suitable quarters for a staff
of eleven personnel and their familieu shall be bailt within the
' plant . T

90 -
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'4-2-1-1 Planned Volume fox Water Werks System

I

Note:

4-2-1-2  Intake Site

a)

Av, flow voleocity:

Effoctive waler depth:

Saféty ratiot K = 1.9

Ho. of chanbers:

Grit Chamber {to the %rd Stage)
N2

Vo=
Sotiling veloeity of perticles:

5.0 cm/sec

.

. : Discharge
Staro Proposed Intake Yolume of Distribution Volumwe
as Plan Volume |Traeaied Walter (Hourly Max. oxprossed in
S ' : ey ' mﬁ/dav? e, .
“1Proposed ({IdL Proposed - o1 Plant
7" 3 DR ’ » v b
| Plent NQ~1 B Vilant _-*ﬂffén%aﬂm%#
3at | 26000+7000 XL, 125300 6000 | 7000 |1 5x14000—?3000 e e
: _ %1,6=10500
(]980) =23000 2000 :
’ : 1000
2nd }3200047000 | ) 42900| 32000 | 7000 [LrPXAAC0A2000 1 60500
(1990) =39000 4000
2000
- . ‘ ‘- . [ ) L
Brd | 48000+7000 | ) 3 cos00| ago00 | oon [HrPXA0006000 1oy 5 10500
_ 3000
Existing now water supply system is not listed herein.

U = 0.8 emfsec {settling

veloeity of poriicles

a.1

Y = 1.5 m

mm in dia.)

Volune of irveated water: Q = 60500 mJ/dxy = 42,0 mj/mln
0.7 n /90@ = 0,35 mj/soo/chamber

Bffective length of gril chamber:

Width of grii chambovri

L

B::.A,,Sm

- X (-%ﬁ )

= 1.5 (0 008

Actual average flow velocity in grii{ chamber:

- Gl -

x 0.05)

2 15%,0m



o ,___9.____, = *--‘-—0——"-3-5‘*"" = (0,052 in/sec

v
R T

Retention time:

4.5 % 1.5
- L. _15.0
¥ 01052

A8

4 nin, 48 sec. =

Yater Pump Head

5 min/chambor

‘Ray
(c:lOO)
 Bxisting Proposed Plant -~ ]
Plant;’ lat Stage 2nd_$tgge 3rd Stage
I (m) 4,190 3,110
B _ 4 400
. 00 4007 ..
# (mn) 500 400 400] 520 400] 607
a(m’/D) 7,700 17,600 55,200 52,800
1{(%) 8.4 9.6 9.6 9.6
V(m/sec) 1,25 1.6 1.6 1.6
1 (in) 35,2 29.9 29.9 29,9
it.W, - 4%
Wl +%11,20 1411,5
't o, ]
Tn&ike .Y, £900.5
Ao tual(m) 10,7 11,0 11,0 - 11,0
Hoad :
Pump Loss 2.1 2.1 2,1 2.1
Total o .
Head(m) 4810 4300 45-0 45!0

Punp Poyer to Chiang Mai Water Treatlment Plant No,l
Q = 100 mj/day = 9,735 mjfmin

. 92 .



p = 1.0 q = 5.35 w/min . H=48 0

Shafﬁ Powert » .. giggéfﬂﬁ
‘: ,16%x1 ,0x5.%5%48 = 61.6 ki
0,68
' o : .P_(l-t-dx)
Motor Powoer: R = uqum_

61.6 (1+0,15)
- = 70.8 kv = 80 ku
10

Pamp Diameter

. q

D . 146 jfv

- 146]52?2 = 250 mn
2,0

Iaw Hater Pump Specification:
A250mm x 5,35 m2/min x 48"M x 1450 rpm x 80 kw
To the Proposed Plant -
Q= 17.600n°fday = 12,2203 /min

r=1.0 < q= 12,22 nd/nin He=43m
0.16%rqll '

Shalt Power:
n

0.16%%x1,0x12,22%43%
. Ce= 119,00 kw
G.12

_ P &)
Motor Power: G
“nt
119,0%(140,15)
= 0 = 1%6,9 2 150 kv

=
Punp Diameter D = l4§/£—__
v

TR I
= 1464 .00 & 300
4/3.0 ¢ 200 o

Raw Water Pump Specificaliont
£300 ma x 12,22 m/uin x 4% n x 1450°PM% 150 ky

- 95 ~



Baw Wator Pump Installation Schodule

(Vertical Shat't

TYPQ)'

: ':ﬁxisting‘Pjant

1
ané&ﬁtage N

T S el Li§“§£ag2 ...... | 3rd Stage
Dischargo 1,70002/a | 17,600n5/a | 35,200m3/4 | 52,8000°/4
Set (1 stand-by) 2(1 stand-by) | 3(1 stand-by)|4(3 stand-by)
q{m’fmin.set) 5035 12,22 12,22 12,22
4-2-1-3% Brectric Bguipment_for Intake Plant
a) Capacity of Transformex
1) Load Capacity for Power Bquipment
... | Actual Ho, hffbotive
f?'__‘i‘if_fi‘f_f’ et | ntt Oapaoity | Quantity | 370 o,  Capaoity
Raw Water PYump 80 kv 2 1 80 kv
" H " 150" kw 2 1 150 kw
Cooling Water Puﬁp 1.5_kw, 1 T 1.5 kv
Hater Lubricating Pump 0,75k 2 1 0., 75kw
Generalor Accessory 10 kv _ ' 10 kv
TOTAL 242  2%kw
242,25" x 1,25 = 305<vA

e OO G 9299%_?1%_,
Intake Puomp Rooun 1560 w
‘Generatoy Room 280 w
Warchousd 480 w

_ Lodging-House 9600 w
Uutdoor 500 W
TOTAL 19420 v

19 420" xl 25x10 34 2 KA

%) Total Load Capaclty

303

KVA

+ 24

K¥A

-#94-_‘»‘

N jQV'KVA



_h) §§arter'Qngcitt
1) Cable Impedance
i) Connectlng Cable for Plant Genelator

s 35w R = 0,0745Vkn x = 0,0715? /xa
. 0.0715 x 1000 35 o
* Pux = X = (,0172
T(0.38)°x 107 1000 :

0.0745 x 1000 L5

| (0.38)°x 107 * 1000 | o

11) 80 KW {1534) 200" 10m.  R=0,2289/xm X=0,762 ©/km

Pux := 9_:,9.16.?“"_}299. x A0 = 0 0052 .
{0,38)2 x 105 1000 -

10,228 x 1000 10

(0.38)2 103 1000

¥ Pur = = 0.018

1t

bue = 0.0157 -
14) 150 K (2058) 250° 10 m R = 0,09%7 Ofkm  %-0,0728/km
Pux = 040728 x 1000 10 . o 5o
S (0 38)¢ x 105 1000

Pur = 00937 x 2000 , 10 _ ¢ 10064
T0,38)° 107 1000

iv) F.2 2500 50 m &= 0,095 i X = 0,0728 %fim

9 sza x 1000 _ 50
0.38)2 x 100 * ooy ~ 04002

0.0937 x 1000
71 x 1000 50 .00

P s e
(0,38)2 y 107 12000

Pux =

Zade = [0,0474” + 0.568% - 0,074

Zadb = [0,04762 4 0.06612 = 0,082

* Note: Pux = Per Unit Reactor

Pur == Per Unii Resistor

So0™ (Ac6

=
é é



2) 150 KW Gonorator Capacity at Starting Timo
4, = EQQQmﬁv%QQN = 266 % (Starter KVA 250 %)
’ 1.86%% 2 : . '

D £ 0.8x25x1000° ©  0,8x25x1000
Generator Capacity = =
. S 0 2x266-0,8x0 0?4 53.14
“(Assuming Generator 25%)

R 375KVA-

%) In Caso of Base lLoad .
' Plz.Ganrator'Capacity when
Starting Motor (with no load)
P~ Base Load Capaoity '
P = Generator Capacity to bnable
Starting Generator During
Operation under Base Load

CosQ,= Starting‘ﬁatio

|
j
)
|
|
i
'
|
{
]
I
1
i

Wi Wi Wewy W, M-Cng;?: Base Load Ratio

P :'\/Q? + W2 B J(-Ql'*' Q?)E '+ (W} -+ w )? .

Q = Plsian i W] = Py oosQl
Q, = Pesian ' ‘ W = P cosQ2
Pl = 316 KVA

Poo= 115 KVA + 24 KVA = 1%9 KVA

;376 % 0,2 = 15 KW

w?‘='111 Kt
Q = 516 x jl 0.2° = 368 Kvar
Q2 = 84 KVar
JQjGB v 88)2 4 (15 + 110)2 = 488 KVA Hm;g- 500 KVA

4~2-1-4 Chiang Mai Wator Trgatment Plant No,l (Old W, p,)

@) Rece1v1ng_Well
G = 7000 mj/ w292 m3/H = 4,86 ma/min = 0,081 mg/sec
Specification: D'#_4.4 moH=6,2x1 Basin
Capaoitys 94.5 x 1/% 4 31 o’
Retention Time: 6.5 min
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4-2-1-5 - Paton Wator Treatmont Plant

a} Receiving Well

Q.= 48,000‘m3/D = 2;000‘m3/H 5-33;3 mg/min = 0.555-m3/sec

Spocification: D = 6,5
' Capacityt ,
Retention Time: 5.5 min(}fd'Stagé)

b) Rapid Mixing Basin

1 unit (Vertical-Shaft typo)

Specification: 1,9™

H=56,5x 1 Basin ~
18% mj : '

He = 2.L1ﬁ _
Ps = 0,75 kw x 2 basin

Capaoity: 7.6 mjfﬁasin

Retention Time:

1.4 min_'

" 1st Stage |

2nd Stage  3rd Stage

1Unit- 1

.2

rd

2

¢) - Flocoulation Basin

L wnit (Vertical~Shaft type)

“Specification B

=4GII'I

Unit | 2 2

1ot Stage | 2nd Stage| 3rd Stage

3 .

[LP PP .

d) Sedimentation Basin

1 Unit

Specification: B = 9,1m L

Capacity:

L=93n K« 240 x 4_Basin

Po= 0075 kv x E/Basin
Capacity: 103 mj/Basin

" Retontion Time: 37 min

= 34,00 Il = 3,5Mp 28NS

1,080 n’/basin

Retention Time! 3.25 hour

Velocity!

BOOOD

9,1 x 3.5 x 1440 0.17%m/min

( < Va=0,4m/nin)

Water Surface Area! 9.1x34.0:309m2/Basin
Water Surface Ratios 80002§é§~ = 25,9m2 /meD

Trough Lengtht  %,1Mx6x2 =%7,2/mn/Basin

.- 91’{ -



Overflow Ratio: 8000/3?;2 = 215m3/m-D

_ let Stage  2nd Stage J - 3rd Stage
Unilt __ - e R T | e e e e .
1 e : 2 - 3

o) Bludge Removal Fouipmont
Calculation of Sludge Volume
Desngned Waste Watex Volume

lst Stage 16,000 n’/day
and " %52,000 n>/day
P " 48,000 mo/day

Demgned Turbutlty, Ratio of Chemical Dosing and Alp(0H)s’

' Raw Hhtor Turbldlty AlZ(SOA)g-lsHQO Volume (€) of
(epe) (&) Dosing Ratio .0.12(01{)3
' (ppM) - (B) %ggro 2%4 (PPM)

Maxioum . ‘ 500 _ 72 _ g
- Mean _ : S 200 42 10

Hininun 0 s 2

ST ) A . T o
¥or values of raw.uater'tdrbidity'and of A12(504)3-18H2Q
vofer to Section 4-2~3 on Chemical Dosing Equipmsnt.

Ap{0H)5 = ALp(50,)5- 181{20 X .,,.fz.m
: _Sludge Volume
Volusie of Solidified Sludge

© Gslmax.) = 16,000 x (500 + 17) x —%— = 8.3 n?/D
' ) 108
Qa(meanj-a 16,000 X (200 + 10) % o = 3.4 mij
- S - 10°
Qs(ins._n.) = 16,000 % {30 + 2) x Ml..g; = 0.2 wo/D

10

1) bludgo 6crapers (Double Chain Conveyor)
3 Sludge Volume (Sludge Concentration of kg/m
- 0fmax) = (8 3 n2/D x ":['5" x 1000) = 830 n°/D

Q(meun) = (5.4 mj/D X Tﬁm X 1000)_3 540 n /D
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@{min) = (0.2 m3/D x .1 x 1000) = 20 n3/D
; - ) 10 o _
1 Unit - Baddm  La34.0n x o lones
- Sludge Scfﬁpar (Density. 1,06 when 3iudge concentration is
' I_lo'kg/mj o :
Operating tiuo for slndge scraper is 24 hrs;)ﬁ
telnax) 850 w375 x (106 - 1) « Lo w 03 . 1
: Qw(mgx) % 830 m_/D X (1.06 - 1) x.§a~.x lQ__x 5 |
| = 1,040 kg/nr./unit
Qu{mean) = 340 mij % (1,06 - i);x 5&—-x'105 X één'
=425 kg/br. /unit

. Qﬁ(ﬁin) = 20 mj/D'x (1.06'4 l) -t x 103 X “%“‘: 25 kg/hr./
: S unit

* Scraper Capacity

4400}

e s

M A S e e e A o ]

R _;J,QOO_;__;... :___J

Scraper spead: 0,2 m/min ~ 0.4 n/min
Limits for adjustment of speed: -1 = 2
Shéﬁe‘of sorapér: S B = 34m H=0.18mn
_ Efficiency“raﬁio of scraper: .0.6
Qo = B{m) x H(m) x v (m/min) X 1 x 60 nin x 2 lanes
‘(Qp (m3/hr./unit) ! (Volume“capaeity of scraper per
o uhit)
on' = Qp x (1,06 = 1,0) x 107 ‘
(Qw' (kg/h/unit) Qp (Siudge volume included)
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Turbidi by| Yeardy | Sovapor G |y (Capacity) | 0, o' 9

Range [¥ro- | Speed - (ma/hr./unit) (kg/hr./pnit) (xg/mr./ § (0K}

| queno {m/min) 7 . unit)
el i

Maximum |
_ to ) ‘ . ] b
Mean 4 0.4 17.6 - 1,056 1,040 | 0K
Mean or . R ' _
Lower 96 0.2 | 8.8 528 425 0K

Soraper Power Output: 0,75 K¥/Unit

Plan for Sludge Scfaper Equipment

ot Stage |  2nd Stage Frd Stage

Unit 1 2 _ 3

2) Sludge Pump :
1 Unit (volume of treated water 16,000 m3/day)
Allowing a safety factor,‘thé capaclty for aludee disposal
of the pump (assuming sludge density of 15 kg/mB) shall
be 1,5 times the volume of sludgo.
15 Xe/n')

i

Sludge disposal velume (sludge density

55%m7/D % 1.5
= 830m5/n

1

Q max = (8.3m°/D x T%* x 1,000) x 1.5

Q@ mean = {%.4m°/D x 4i%" x 1,000) x 1.5 = 216m°/D x 1.5
s 340m5/D

Q min = (0.20°/D x 41%“ x 1,000} x 1,5 = 13m3/b X 1.5
_ | ™ s
= 20m /D

Tdeally, the sludge pump shouwld be operated constanily for
24 hours but the pump capacity is designed s0 that sludge can be handled
even by an 8-hour operation during the daytime. When the operation hours
- are caleulated, data is as {ollowst
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Pump Speoifiéation

(Puring low water lovol periods in the sedimentation basin)

Open Channel initial water level +3005 ,6%
&) MWater level for sedimontation basin
sludge pit! : ‘ +304 .85

i

Aotual Lift .80

ﬁ200mm X 3.5m5/min-x'5m % 860 rpm x 15kw x 2 units

(including 1 wnit as stand—by)

e Volume of - Operating Timeqper Hour {minutes)
B T T A
miucge posa | - 24-Hour Operation 8-Hour Operation
Max{mam 8%0. ' 10 20
Mean 340 4 12
1st Stage 2nd Stago 3rd Stage
Unit - : '
1 2 ‘ 3

Opexvation of sludgé pumps shall not be simultaneous for‘the
lgt, 2nd, and 3xd stages, but shall be operated on a staggared time
gschedule, o |

£} Rapid_Sand Filter
1 Unit

Specification: B = 6;4m L=5,0m A= 32m2'x 6 chambers

(including 1 stand--by)
Filtration Ratio:  100m/day

Filtration volume! 3200m5/D/chambor x 5 chambers = 16000m5/day

Surface Wash Pipo

Q == ’52m2 X 0.15m3/min—m2 = 4.8m5/min - 0.08m3/sec
Main: 4250 ¥ = 1.6%n/sec
Branch: q = O.O4m3/seo $150 V = 2.06m/scc

Surface Wash Pressure
Surface Wash Spray Meight: +308,60
Necessary Pressure for
Surface Washi 15,00 (at time of low
water 1ovel)

~ 10} »



+) Pipe Line Head Loss (from the hydraulie metor, 0t0.)s
| ' 3.40 '

Surface Wash Waber Head +32700 |
(Crear Water‘Reservdir at Bigh Water Level has a
- surface wash head of 19,0m) -
Reduction of Head
- Distribution Pump Head +342.00 _
" {whon Clear Watcr.Reservoir is at low water level)
. =) Surface Wash Wator Head  +327.00

C 15,00

Auxiliary pregsure of pressure redueing valves is
assumed to be 15.00m « +3%27,00

" “Backwash Pipe _ o
Q = 32m2 x”O,ShB/min/me m‘16m3/miﬁ =.0,267m3/seo
Main: 4500 ' _ V = 1.35m/sec
Bfénoh:"ﬁddd l ' v =.2;10m/séb'
Backwash Pressure '
.ﬁigh ﬁﬁter.mérk for filter tank collection apparatus: +307.76

Required Hoad for Backwash {2.5 - 5,0m): 5,00
Head Loss for Perforated Pipe: o - 1.55

+) Pipe Route Head Loss (from hydraulic calculations): 575
+3%18,00

Water Level of Elevated Tank: MWL +%18.,00
- ., LWL +315.50 (Backwashing Water
Pressure at Low
Water Level 2.0m)
Drain Pipe. _
Q = Backwash Water = O.2§7m3/sec
L4500V = 1.35m/see
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Perforated Pipe

' L {UOO.J ,]

\_ﬂfomtcd P;pc ?{)0

tain Pipe.. 4600
. Perfpraf.ed Prpe__$80.

\ e
o "
9
~ .
3 | |
L
a.__. ' |

Ll ! am pioe w00
Asauming values ast Aéo £= 3,10m 5 = 0.3

Thens
N = 5.0+ 0,3 x 2 systems = 32

Total Sectional Area =

e X 32 = 0.16m2

The total sectional arvea of pipe perforations for water

collection is calculated as follows:
The combined area of the orifices is designed to be 0.2% of the

total plarned area of each Tilter bed or 32m° % 0,002 = 0,064m° approxi-
mately, S -

The orifice area should be 20 - 50% of the total scctional avea
(A) of the perforated pipes themselves. Using AQ% as an appropriate

figure,
Orifice Area = total area x S0 L 006 x A0 L 0.064!!12
100 100

Main Pipe: 1.7% times the total sectional avéa of the perforated pipe

. . ) ’
D= 0:26 x 175 x 4 + 0,6 A600mm
3.14 :
lst Stage ?nd 581:(&@0 1 _)_Iz_d_ ‘3|,ﬂ£§0
- Unit 1 2 %

- 10% -



P04,

o

“h)

blevaied Tank

The requlrcd volume of water for oackwa%hlng is that necessary fo:
one letnl,-us foilowst .
32 We x 0,5 md/min/m? x 6.0 m = 96 00

© Ihe . volume of wnte to be Lifted to the glevated Lnnk durlng back-

washing .ist 2.0m /m1n ¥ 6,0 min = 12 m
Thus, the volume necessary Lo bhe stored An the elevated tank will
be lhe difference botween 96 w2 and 12 mj or 384 m3.---
Cap301tv of Lhe elevated tank shall bet ’
39 we (hor1?0nta1 seotion) x 4 w (water depth) or 156 W)
The amount of waler available for serv1ce water Jn the plant area
will be 156 w? - 84 n? or 72 md, '

Lift Pump Yor Hlavated Tank -

Operating Times . 3] Hour'i
q 104m3/60min 2 2m3/mih/59t
Punp Head
flevated Tank HWL _ 318‘00 .
~) Distribution Pump Well IML  302.00

- ARkt oy

Pipe llead Loss ' 0.50
+) Yead Loss around Puwp- 2,50
T 19,00
Pump FPower: _ _ :
q :'2.ij/min ¥ =10 o H=19m
Shaft Powor P =-49&l§%~£93~

- 0..1'6'3 ¥ 1,0x%2.0% 19 -‘.—‘.‘10.:'51(&4 _
0.6 '

‘Motor Power R = _giéﬁiiil ‘

10.3 x (1 + 0, 1))

) % 15kw

JR - o mna

'Pump Diameter D= 146 mmn = 146 5 = 125mm

Leit Pump Sp901f1catlon. .
ﬁl?s X eOm5 X 19m X 1,4)Orpm % 15 kw
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= 125mm | o q = 2m3/min 0= 19.00m "_ Ps = 15kw

ISt Stage ~ 2nd Stage Jrd Stage
Sot |l 2 a stand- by) | 5 (1 stand-by) | 3 (1 stand-by)
Operatlng _ N
Tmo - [ . 1.0 hour - 0.5 hou 0.% hour

Notei Pilt91 dashlng cycle 40 - 60 min.

1) Clear Watez Basln

1 unit
I '_ L LR It m
Specificationi B = 4.7 L= 19,8 H=2.2"x2
Lapacity: 2091:}3/ bas:m
- Retention Tiwot 0 6 hour
1st Stago: | = 2nd Stage | 3rd Stago
Unit L 2 !

J) Clear Water Reservolr

1 unit o : _
Spocification: B 24,00 L = 48 o" m=4.0"%12
Capacity! 4610m>/chambor
Retention Time: 4620 + Mléﬁgggm = 6.9
1st Stage - an Stagoe srd Stage
Unit |- 1 | 2 5

k) Distribuking Pump Wedl o _
Specificationt B=g,0" L=24.0" H=4.0"x%1
Capacity! 1 Om_j

Retention Time!

‘ Reteution T—]Tn-c—an

Tlst | 1.5 howr
2nd 0.58 hour
“rd (.39 hour

= 10% -



1) Distribubing Punp

1)

Punp Powox!

i)_ q = 8.4tﬁ3/min ¥ = _1,0. H = 43

" Shaft Power: P . _0.1630gH

!

0,163 x 1.0 % 8,4 ¥ 43 = 81,8k
0.72

i

Motor Powor: R :.Mfug%:tuﬁql

e 818x(1+015)_-. 100 kw
1.0 '

Punp Diametort D = 146 f£ = 146 f ‘1‘ + 5001

Distributing Pump Speeification: .
ﬁ300mm x.8, 4m3/m]n X 43m X 1,4 Orpm % 100kw

q =4, 2m3/m1n A =1,0 = 4%m
Shaft Power: P = ﬁ.;l%’é!ﬂi!..
= 0,163 x 1.0 x 4.2 L 5 40,9kw
C0,72 .
Hotor Powar: R = «ELﬁﬁﬁg;ﬂ-ml
L 40,9 x (]+015)“‘5kw
1.0

——r

146 ..ﬂ_ = 146 4 2 & 200mn
_.) .

i

Punp Diameter: D

Dlstrihutlng Punp Specification:

ﬁZOOmm x 4. 2m5/min x 4%m x 1,450rpm x 55kw

~ 106 ~



| 2) Qistributing Pump Capacitly

(Yortical-Shaft type)

Stage Discharge(Q) - Mwaber of Pumps Q(mj/min/pump)
P . __3: | 05Q x 2 : 5.4 x 2 panps
st 24,000m /dal_ _ (0.5Q, one Stand-by) :
: _ P 0.25Q x 2 ' 4.2 x 2 punps
' ' 5 0.5Q x 4 ‘ 1 ‘ 8.4 x 4 punps
2nd 48,000m" /day y (0.‘5Q, one S_tund—-bv)
0.25¢ x 2 : 4.2 x 2 puaps
3 0.5Q x 6 © 8.4 x 6 pumps
Brd 72,000m” /dal (O.BQ; one Stand—by) :
- o 0.25Q x 2
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4-2-1-6  Proposed Water Treaimenl Plant Hloctric tquipment

a)

Generator Capaciby

1) Power Rquipment lioad

- 1055._‘

Effective

Upit | No.of | Effective
Fguipnent Load |Units | No. of Load
(k) Units (kw)
Flush Mixer 015 | 2 2 1.5
Agitator 0.15 8 8 6
Iink Belt Sludge Scraper 0.75 2 2 1.5
Siudge Buction Pump 15. 2 1 15
No.l Drain Pump
(For Clear Water Reservoir) 5.5 i) 1 5.5
No. 5 Drain Pump(For waslte watelr
and drain of [‘iltel‘) 2.2 1 i 2.2
Ho., 2 Drain Pump {For Lagoon) %7 I 1 2.1
Distribution Pump 55 2 2 110
" n 100 2 1 100
Lift Pump (For Klevaled Tank) 15 2 1 15
Water Lubricating Pump Q.15 2 1 .75
Chemical Dosing System
{A1un) 7.5 7.5
Chemical Dosing Systen
(Chlorine & Seda Ash) 16.55 16.55
Generator Accessory 10 10
Total 295
295.0 x 1,25 = 370 XA



2) 11 umination Fguipment Load

o Room - ' I-oai? o
Chemical Bosing Room 8000
Rapid Sand Filter | 4300
Sedimentation Basin 1800
Distribution Pump Room 1240
Yarehouse 240
Gonerator Room 4280
Lodging House ' 17600
Office $9C0
Outdoor 120
Patal 43480

86969% x 1.2 x 1072 130K'A -

3) Total Load
3,{0KVA ' 54K‘.n';y\ - 424 KVA

P} Starting Loads

i) Plant Ceneratoxr Connecting Cable
600° 35 m R = 0.0518 YVkm X = 0,072 O/kn
0,0712 « 1000 35

PL!X 5 ¥ $omis 0.01'{2
(0.38)2 ¢ 10?1000
i ,
Pup - 0.0518 x 1000 « ._5..?.,. - 0,0125

(0.38)2 , 102 = 1000
i) F-3 2507 200 m R = 0.0957 O/km X = 0,0728 “kn

Pux . 2:0728 x 1000 x 200
(b.§§7V~g 103 1000

1ii) 55 kW (1054) 50° 10w R = 0.468 VYu X = 0.0774 O/
Pux = 0.07/4 x 1000 10
(0.38)7 x 107 1000
0,468 x 1000 10

Puy o e % L 0.0%24
(0.38)2x 10; 1000 ’

= 0,0053
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iv) 100 KW (1904} 150° 10 @ R = 0,25 Ykm X = 0,075% Ykn

Pux - 20735 x 1000 10 4 605
(0.38)2 x 10> 1000
Pur = 9.._1.’4)._){..,}990 X 10 = 0,010%

- {0,38)° x 10° 1000

500 vwA

@ -
Aabe = 0,12%%7 + 017467 = 0,214

_....,-u..,

l Zabd::d&hl252 ¥ 0,1525%= 0,196
b e D-... - —

!
¥
AC

E

2) 100 K¥ Generator Capacity at starting time

ol - lggguidlgg = 400 (%tdrt1ng KVA = 200 7)

125KVA 4 o

-
Generator capacily: > 0.8 x 25 x 1000 _ 0 8K?ﬁfj900 250KV A

’ 0.2x400«0.8x0.196 19.84

(assuming génerator 25%)

3) Yhen there is a base load:

P = 250 KVA ~ Poo= 245 0 54 = 299 KVA
W) = 250 % 0.2 = 50 Ki W, = 236 KV
Ql = 250 x Ji - 0.22 = 24% kvar Q? = 177 kvar
Y I S
(945 " 1/r) ¥ ()0 + 256) + 500 KVA

Pabdsy RS A S A

1) fype of Battery: Alkali pocket Lype Rapid Discharge Hodel
2) P]ectr:cxty Stoppage Time: 30 min,
%) Pemperature in Proximity:  5°¢
4) Breakdown on Loads
i) TRoad for Normal Operating Periods

Signal Lamps {aboul 10 locations)

1 Yocation, about O,1A 10 x 0.1 = 14

ii} Short Period loads

Cut~off Operation Cufrent about 100A
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6)

lh

Battery Capacity

¢ = .-L, [1 X .IA + 0,% x 100"‘]
0.8

= 58,8 AI/SH e 40 AN/SH
Qutput of Battory Charger

Normal Lead Cuprent: JA

t 40/5 = of - 104

= 111 -



4-2-2 Hydrographic Calcuwlations -

4~2-2-~1 Intaka_of Raw Wator

25+ 1/n 4 0, 0015%/1 JRI {1)

1+ (2% + 0. 001)5/1)““
R

Bub, I = 0,1, 0/00  n =003
A simplification of formula {1) avove is:

V 2"‘:’2‘:‘“‘“—‘”\._ 'Q.liOCOI_C.!ll‘lll‘l.l"l (2)
frR 4+ D
But, N = (25 + 1/n + 9291_5_) ) {“
D .= (25 ¥ 0~Q9}{£ )

Q. 00155 TR
(?5 ¥ 1/0 01% + ) /1066 = 1,1542
1000‘
D= (23 + 9:%3]1*2’{ } 0.013 = 0,5005
i
11542 x 0.292
NR 542 x 9 = 0.3315 0.%24 m/sec,

JE+n  fo202 + 0.5005  1.0405

Q =BV = (2.15 x 0.4 x 0.324) x 2 = 0,557 m3/sec 0.55m3/sec

Widih of Inflou Mouth
Inflow volume: @ = 0.7 m /aec :
=0/2 =035 j/aen 1 basiy
_lnflow.speéd: v = 0,3 m/sec, estimated
Inflow depth: h = 0.2 m, esiimated

_Ihflow aveat A = ;9~ = Qwéf = 1,167 m2
s v 0-5
Inflow widtht B = ﬁﬁw - 1167 5,84 = 6,0 m {per bazin)
. : ' h 0.2
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Avorage VélOoity”&t,Inflow Houth

Q = 60500 mjfday 0.7 m /sec.

Q/2 = 50?50 m3/day =2 0 35 mjfaeo /per

b331n

A= 2.5 X 0.4 mx2 gates =
P = (0.4 42,15 +0.4) x 2 =
R :A/Pm

Width of o

pen chénnol'

B=2,15%x2 gatos (pqr bagin)

Watex depth. h =

5.9 w

1.72/5.9 = 0,292

0.4 m, estinated

l.?2{mf (per'basin)'

4-2-2-2  Delivery of Raw Water to Purification Plant x
' ' {¢c = 100)
For Exist- For Proposed Plani
_ ; ing Plant . [ 1st Stage [ 2ad Stage | 3rd Stage
qQ (" /v) 7700 17600 35200 52800
I (m) 4190 B 3110 ~
_ E " 400~
B (rum) 300 400 )?0(400) - 607(400)
- . 400 400
1 (O/oql 8.4 9.6 9.6 9,06
¥ (n/sec) 1425 1.6 1.6 1.6
A (m) 35,2 29.9 29,9 29.9
Receiving Well | . .qn | N
Water Level - 3112 +311'5
" Intake Plant . . .
WML . ___ 13005 - .
_Actual Head (m) 10,7 - 11,0 L0 11.0
Pump Loss {m) 2,1 2,1 2.1 2.1
Potal Head (m) 48.0 43.0 43%.0 43,0

=~ 1% .-



4-2-2-3 Connecting Mains for Water Treatment Plant No,1

e 1 30997
Sedimentation

Basin (Mew) | | -
e [_;;' J: _ s New Pipe _
T | wemremee Existing pipe
Aw¢wo ; e
ReceranC ';:'
A
FIig8s 2300 L

i +309.00

e it Sed;menfﬂt!@ﬂ
{] i‘”‘”. Basm '

A7

> |

o

™=

!

b

P

L Fd

1-——-—-.;-/}
i - \i

ACP

————————— e

$J00 GS
19150
2} Receiving Well =y ' _‘7;\2”-42,?
' P . S LA L&

1) For New Sedimentation Basin o 4 = L r3H.20

Q = 250 m?’/hr 4.17 m3/m1n : 2 : '
A A e K TS,

Rectangular Weir
’ -q-—-my.\s.Q_.___u,

Width at Weir: B = 750 mm
Oﬁorflov; Depths H = 380 mm
2)  For 01d Sedimentalion Basin
Q = 80 mz'/hr = 1,34 ma/min

Triangular Weir

Overflow water

“depths H = 192 mm
- eI 207

b) Roceiving Well - New Sedimentabtion Basin
. o . .. . "
Q@ = 250 m)_/hr = 41, mjfmin- = 69,5 /seo m%:.ﬁ.lﬂ.-.io

1) Friction loss (by'llazen Yilliam's Formulae)
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¢)

L =40m D=300mm C=100 I=550500 (V=1.0" sec)

LD w :
hi : 1000 X 40 = 0,22 m

2) Bend loss: 4 Places
: 2

Wb = 1.0 x S x 4 = 0,20 u
. : 2 & ‘
3) Head loss due to Jnflow
he = O, ?i—9- 0, 01 n
2¢
4)_ Head loss due to outflow
' 2
0= 1.0 x 297 - 0,05
22 -
Sum of losgs _
Zh = 0022 + 0,20 + 0,01 + 0.05 = 0-48 m
Water Level of New Sedimentation Basin

H

M

(Level of Receiving Well) - (Pipe loss)
510,85 ~ 0.48
3103 m 309,97 m
Receiving Well - 0l1d Sedlmentatlon Basin
Q = 80 mj/hr =" 1,44 mj/mln = 22.% #/sec
1} Friction loss (by “azennWilllam ¢ Formulae)
In=130n D =200m  €=100  1,=4.6°/00  V,=0.70n/s0c

il

Lo= 20w D2=150mm C=100 I?=19 0/00 v 21.26m/300

2
k£«§~ x 1%0 + A2 x 20 =2 (,98 a
1000 1000 :

2} For inflow

he = 0.2 x 0.7 0.05 m

24
3} For sudden decreascs
2
hse = C,25 x }mgém— = 0,02 m
2 x 9.8

4) Head loss due Lo bends

hb = % ¥ iwfg_ = 0,24 m

19,6



5) -llead loss due to oubflow

ho = 1,0 x —~2"— = 0,08 1

Sum of loss
| 5 h =098 + Q.05 + 0,02 + O, 24 + 0,08 = 1, 57 m
Water level of 0ld Sedimentation Bas sin

H = 310,50 ~ 1.37 = +309,13 w

4224 Connectjnp Mains at Paton Water Treatment Plant

T iR v

Flow volune:  Q = 16000.x 1,08 = 17260 mﬁ/d
' = 11,1 mj/mlu = 0,185 mj/sec
Type: Rectangular

Width: B = 2000 mm 3
Overflow water depth:‘ Q = 18%8 B.H2:Using thias equation;
_ H = 150 mm
Head! h = 350 mm )
g _t3.50
=T

Water receiving level: LLILLQO
+511.50 m
Water discharge level:
+311,00 m
b) Roceiving Well ~ Head loss between the receiving well and _the

mixing basin
Q = 16000 w7/d = 11,1 w'/min = 0,185 n?/scc
1) Head loss due to inflow
Pipe diameters D = 500 mm
0,18%

Flow veloeity: V = /A = ..2t1%2 . 5 04 n/seo
| 2:14 + 0,52
4

Head lossg: hl = 0,2 % ”Q¢Q¢§~ =0,01l m
: 2 x 9.8
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3)

6)

Hoad loss at bends

Pipe diameter: D = 500 mm

Flow velocity: V = 1,02 w/sec 9
. S . V2 ki Q ) Recerving
Head losst h, =f, . x £, X - D well
¢ - bl 474 D _ .
21 9/
i Loy Ol
= 0,2 ¥ 1,0 ¥ <225 = 0,01
19.6 )
Head loss due to friction
Pipe dismeter: D = 500 mm
Goaraechess coefficientt a = 0,013
Distancet’ I = 14,442 m o
Flow velocityt V = 0.94 w/sec
5 . — 2 :
Head' logst h, = f.——Iﬁ«.' -Ym-—- = Q,0265 x 14.442 X 0.94 = 0,03
3 D 2 0.9 19.6
124,50 124.5 % 0.013°
f 2z : =t : e 2 000265
D’ 0.5 3
Head loss at T.-branches, etc.
Pipe diametert D = 500 mm
Flow velocity: V = 1,02 m/sec
v2 0.94°

Head losst hd = fbe' i 0.99 x e

1

0.04 m

lead loss duc to gradual decrease in pipe diameter

Pipe diameter before décrsaset Dy = 500 mm

Pipe diameter after decrease! D, = 400 mm

Dp°

Area ratio: AZ/AI 2B =

2
)

0.64

Flow velocity: V = 0.94 m/scc

Head losst h. = f |,
5 ge’ 2

Head loss at bends

v

= 0,02 x mlgga = 0,00 mm

Pipe diameter: D = 400 mn

- 1Y ~



Plow veloeity: V = (Q/2)/A = ¢9:92§§m~m = 0,74 m/seé
5 14 e 0 4? ’
Head loss!. hg = fﬁl X sz x=zm" = 0,18 x 1.0 x giiin = 0,01 m

2g : S 19,67

7) Head loés due to friction .
Pipe diameter: D = 400 wn
Coarseﬂeéa coefficient: n = 0,01%
Distance: L= 8,50 m
Flow velooity: V = 0.80 m/seo

L Ve 8,50

~ Head logg: h7 = fuleex 2 places &'0.0285 X et X
.D' 2g , . 0040__
I .
81y 2 =003
19.6
124,502 124.5 % 0.015%
f - (3] e 2 + .n , - 0.0285
% - 4.
P 0.4
8) Head loss due to outflow
Pipe diameters D = 400 mm
Flow velocity: V = 0,80 n/seéo
2 rral )
flead losst hg = £, Y= 1,0 x 20 = 0,05 n
8¢ 2g 19,6

Pollowing caldulatioﬁs assune a_total‘head loas of Q.14 m
'in-the cqnneoting ﬁain between the receiving ﬁell and the
'mixihg bagin, ' |
0,01 + 0,01 + 0.0% + 0.04 + 0.00 + Q.01 + 0,03 + 0,03%
+ 0.4 =-0,30 m
Water lovel of the rapid flocculator -basin is +310.70 wu,

¢)  Head_losses for the mixing bagin, flocenlation basin, and

gedimentalion basins

Treated water! Q= 8,000 mj/d
| % 0,0925 n”/see
Rapid mixing shall bo of the type using a flush mixer,
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9)

10)

11)

12)

13)

Upward orifico head loss ‘
Avear A €700 =~54%~‘L« x 0.7% = 0,385 n?

Flow velocity: V = N 0,240 m/sec

Sectional area ratio: 0,385/1.9 x 1.9 = 0.1
v 0,242

llead losst ~hg = £, el 3.6 % ”T@”%" = 0,01 m

Head loss of submerged weir
Width of weir! B = 1,90 m
Flow volume:r Q = 0,0925 mS/s

%"‘ |

A it [ 4 0k Ao

-3

0.10 =% [2x9.8x0, 66x1,90xh, (3, 0.986 (12

2 *0.660 2

h
2 0,28
(i) | g
1 by
hy = 0.04m, hy = 0,02 m

Head loss atl inletl mouth of floc coagulatlion basin
Flow volume: Q = 4.000 m3/d = 2,8 m3/min
= 0,05 ma/sec _
Sectional areat A = 0.4 x 0.4 = 016m
Flow velocity! = Q/h = 0,05/0,16 = 0.3) w/sec
2

)} (L—%%)O 28

Q_286
0.660

2 .
Head loss: hyy = 1.0 x ”;E“ = 1,0 x LIl 0,00 m

19,6
Head loss at outlet of flocculation basin
{sane as directly above)
llead losst! hjyo = 0,00 m
flead loss at 90° bends
Seotional avea: A = 2.4 x 0.8 = 1,92 m°
Flow velocily: V = Q/A = 0,05/1,92 = 0,026 n/sec

- 119 -
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Head lass h13 = Tye EE = O V99 x g—g§§~ = 0,00 n

_14) Head loss at flow contxol orifico!
A - 5w4ﬁ~ x 0152 x (17 x 7) = 2. 10 @

Mow volunet Q = 0 09?6 mj/sec _
Flow velocity past flow control 011f1ce:
Vo 0.0926/2, 10 . 0.044 n/sec

. 42 Lo
Head'loss; hi4 R X g$951~ 2 0,00 m
0,62 78 N :

O 01 + O 04 + 0,02 & 0,07
Thus, the dogigned water level, with a tolerance included,

of the sedimentation bduln 13 1%10,50 m, :
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S 15) Calculntlon of Gapaoities for Trouph
i) Oriflce . - f“ﬂQ*Qzéﬁn**ﬂ
| = CA jzgh_ :

- @;‘,’w df@ﬁg:: éwjh.
)

0, 7656

_ I{ore, ¢ = o.)92 + 0, 000677 ( J )

(Mawson 8 formula)
When & volume of 8 GO0 m /day of water is collecled by 31x troughs
Q= 8000 + 6= 1333 mjfday per Trough 0.015 4 m3/sec o '

Tempoxarlly determlnlng that d = 26 mm

L VP L. S 0. !636
Furthe?mﬁre; the value of X beconss,
IR SR SR ¢ 2 !656 - 0.7636
o Bom )y = uo

1og X =0, 7636 log 140 _
= % 1461 x 0.7636 = 1.63%9
X = 43.55, which may be inserted in the formula for
the.value of ¢ | '

€ = 0.592 + 0.000677 x 43.55 = 0,621

Q=062 A fox9.8% 0.075” = 0,0154

A e i 0,015 - o= RO 6 00006

0,621 /2 x 9.8 x 0,05  0.75.

- If there are 42 holes of 26 mm'diameter,‘

T x 0,026
4
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.u) Caloulations for Dgpth of Trough :
ho {water depbh at upper flov edge of trough) > he (water
depth at lower flow edge of trough) '
'-hrs{, to be deLermlned ig hc, the crltlcal depth

“he = /"‘“’Q‘“* A =1,1; @ - 9,80 m/sc<32 b= 0,25
gb : i ) ' . ‘ o .

o 371.1.x0.0054
he = _ T
: 9,8 x 0.25

. \/6"56@5 = 0.076
Vo = O B8 ‘ d= 1.1 g =980 m/sec2
b =

0.25 m -

9:8 x 0.0154
1.1 % 0.25 0818111/390

_ g
ho = / 2}12'0 + (he - ""]’53“-) - % i1 (Thomas Camp's formula)

ho = \/;hcz ik o

Thus the value ho for the upper cdge of the trough is

=

ho = 0.1%2" -
'1'-3!060!_' T - .
' ; r: +316,50
et 13i0.25
el 6000 E- se00 / [
H LT
_ L3z 4 ¢ — [o e7é

0.076 S FT k=032

] : “_gg_ﬂﬂ




16)

17)

18)

ag

Head lo“s for 1nf10w

Flow volumot Q = 16000 mj/d 11.11 mj/min -
= 0,185 n /s_e(_: ' '
Pipe diametert D = 500 win

Flow volocity: =V =

-Q“l@ﬁ“-‘—‘-—- = 0,94 m/seo |

2.4
7% O 5
S - : 2 ‘
Yomas o Pt b_ﬁmg
Head loss: | h16 = fe-'zg = 0 2 X 19 = .0, Ol T
Head io.ss at bends
Flow volume: Q= 0,184 m5/sec From
Pipe diameter: D = 500 wm gsgizenl,atlon
Flow velocity: V = 0.94 m/séo 2'
Head loss: | hl'? = fbl X f X ;;g
= ] .,
= 0,15 % 1,00 x %62%_
= 0,01l m
§ | |-
) o
I
A L QI
. 30 (AT i Q )
? 19 R
@ D> 500 . |D-=~SOO D= 500 @
Leb 85m | Bega5™ | £s o907
[ ]
Head loss at bran'ch, ete,
4-way cross shall be treated
2 T-flanges,
¥low volume: Q= 0.185 m5 /seo § §
Pipe diameter: D = 500 mm a o
- L : P G |
Flow velocity: V3= 0.94 w/scc o
a ‘Iﬁzo 9
, L.J». % %
Head loss ¢ hlB—- f b 2 @aVa: "
e 500 D SO0
1,0°
0 00 x 'i"§6 = 0,00 m
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Flow volume!
D

Vo

Pipe diameter:
Flow . volume!

'Head loss! h

18-2

0.19°
0.00 x 5.6

1]

¥low volumo: %Q,
Pipe diameter: D

Flow velocity:V3

Head.loss: hl9m1

0.6287

Q.00 x 19.6

Flow volume:. %Q
I
Flow velocity: vy

Pipe diametor:

Head loss:

0, 4f

0.01 x 19.6

i

1

gQ
b

Flow velocity:‘.’5

Flow volune:

Pipe diamcter:

Head Yoss: h20~1

0.37
]9|6

0.05 X

The fiﬁal T-flange

that of a 90° bend.
' Flow voluno!

Pipe dismeter:

Flov vélocitys

. Hcad losss h

= £,
= 0,00 m

. 5
0.12% u'/sec

0.6282m/séc.

i
i

hig.p =

"20-2 7

gQ = 6.154 m3/sec

500 mm
0.?9 m/seo

- /6Q D=500
Ye@ =300

500 mia

. . ?/39
yae A zv, V; 0800
r 3, - _

f
0,000 m.
0,093 m°/sec

500 ma
.47 m/sec'

0.000 w

0.061 m3/sec

G o
500 mm AR
= 0,31 n/sec L.,..‘j ' Qm_m_
: (abz '.!
O |
r 2y

= 0,000 m

is agsumed to have 2 head loss equal to

%Q « 0,031 n”/s00
D = 300 @
Vo= 0.03;/0.071 = 0,4%7 u/sec

: 2 2
A 0.451"
fbe X Qg'" 0.99 x 19.6 e 0.0l m
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e)

£)

19) Head logs due to friction
Flow volume and flow velocityt.
Q = Q= 0,185 n2/scc

Vi = Q/h = 0,94 w/scc
O 1s 20 o f 3 g :
Qg‘ 2/50 = 0,123 m /sec 8% sl ala E a,
V2 = Q2/A = 0,628 m/sec Snf‘{&’ Vs l Vi |V
Qg = 1/3Q = 0.06) m¥/see E-ED’E‘?‘? i ﬂ
Vs = Q3/A = 0,311 n/seo. | el ‘. '
Q= 1/6Q = 0,031 n/see
: VS = %/ﬂ :.:_O,4§rf m/sec
Coarseness coefficient!
‘n= 0,013
£y = A2hoxnt, 2 1245 X 0,015 4 0506 (De500mn)
‘ Dl/j 0.51/3 ‘ o
e '
£ 1245 X 0.013° 4 () {(D=300min)

0.31/3 -

" .
' I
Head 1o0ss: ]119 = jj_:l fl .ﬁii&g.;;...

PR s I x (110_50 x'_0.942 + 6,65 x 0.6282

0.5 x 19.6
7 ¢ ned
2 L0 x 0.4377
+ 6,65 x 03117 WefoKk 5K et
= 0|04

20) llead loss due to flow loss
Flov volumes %’Q = 0,0%)1 m3/seo
Flow velocity: V = Q/A = 0,031/0.071 = 0.437 w/sec

¥2 _0.437°
5~ 1.0 x 9.6 0,0l m
lead loss betteen the sedimentation basin,and tho rapid sand

filter: 0,09 n,
The water level for the sand filter basin is estimated as
¥310,00 m, '
Rapid sand filter
21) The permissible head loss within the sand filter basin is 375 m,

Head loss: th 5 Lge

In comecting maing betweon the sand filter basin and clean water

reservoir,
22) Heéad loss due to inflow
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Fldw‘vblume: Q = 8000 % 1.0 = 8000 m3/d = ).56 m3/m1n ‘

1

O 0926 m3/seo

Pipe diamotori = 400 mm

Flow velocity 1V = Q/A = 0, 0923/0 126 = 0 735 m/seo
o ' 2 2.
o _Headloﬁsi hop = fo g = 0,2 rg*m £0,01
2%) ‘Hoad loss due to bends ' '

Flow volulac! R - o . Q@

Q= 0.0926'm3/sec : ' Clear h&ten‘
) . L ' Reservoir
Pips diameter! B _ - _
D= 400 M - .
Flow velooity: V =.0,733 mjgeoe' SN .. S—
Head losst hgjﬁ" fbl X fb2

2g

0,735%
01)x10x 196

!

. 0,004 m
24) Head loss due to friction )
. Fl_ow volume: 'Q = 0.0926 1_113/ sec
Pipe diameter! - 400 mm
Flow v:eiocity: V=0 V133 m/sec
.Dis_tanée: L' =18 M W

Coursenass coe_f‘fl.cwnt: n= 0.01_3

Ii

lead loss .[rom :f‘ricti-om'

- L Ve 18 |
h24_:‘f """"" -:003)("?.“’2’4‘4" 'j"é”m“*004

_124.5 0% 1245 x 0,0132 0
])1/3 0.41/3

25) Hend 1033 due o con,)o:imng cuxronts

4 Sectlonal area ratlo, of brunk
main to blanch malm

LA 0,47
e

Flow volume ra tio:

-'_-‘{a-q%« W op - 00

: ‘i l"low w;'tocity after Jciningl OB NS

ép «0,0926

——

Rapid -
S Sand
- Fitter

Qreo.es a,,c "0, om.

-~ _w:i'*.«im 28 |
o e 126 -



= 0,943 n/seo
Hoad loss: from Gardel formula

I o
=10.9 x4 0, 9 x= 903% 041w

2) 19 6 =
| 26) Héa@:lossjdue to bonds '_
' Fléﬁ*vélumea Q = 0,185 mj/see
Pipe‘dlameterz Do )OO M
‘Flow veloclty._ V= o 943 w/se0 .
- _ ,
’ ' v M_SQQ” :
= = N v
Head-10333__h25l_ f_l X sz xﬂgg 0. 1) x .1, 0 X 19 3
- 27) Head loss fyom friotion
Fldw voluwe: Q = 0.185'm3/sec'
Pipe dismotor: D = 500 mm
Ilow ve1001ty. ¥ = 0,943 m/sec
Distance: I = 26.1 - o
" Coarsencss cosffioient! n = 0,013 )
. . P I
.Head loss from fr;ctipn. hgy = D %g
o om 26 L 0,9432
= 0.0j R 0 5 X 19.6 = 0007 m:
e o d2bn? 1245 x 0,003 = 0,03
pl/3 CosM5
28} Head'loss from outflow :
' Flow volume: Q = 0,185 mjfsec
‘Pipe diametor! D = 500 mm-
Flow velocity: .V = 0,943 m/sec
‘ _ _ \Ad __ﬁ{i_ .
H H = F= = ‘
ead loss! hpg = Ty 2g 1. O_X 19.6 = 0,045 m

Thus, the H.W.Iii of the clean water resarvoir shall be 306,00 m,
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g) Elovatod Tank - Rapid Sand Jilter (Backuash Water).

N Eievat;{ Tank

@~ %
.fst STAGE - (@
2rd STAGE —®
©__lo_ |o
® | |
TS D = dpp m

Q = %2 we x 0, Sms/mQ.min:= 16 mjfmin = 0, ?6{m3/sec
Head loss due to inflow(l place: (:) ) '

Pipe diametor! D = 500 mm A = 0, 196'm2
11 iy Y ‘
Ylow velocityt V 4% 0, XA 1 36m/eec
32
o . R A 14}.___,.,--._ ‘
Head losst hy = fe o = 0.2 % X 9.8 0.02 n

90° bend head loss (j placesi (i) (é) X ?)
Pipe diametor: D = 500 mn A= 0.196_m2
. Plow velocity: V = 1,%6 w/scc

Hgad loss: Hy = £hL x Th2 x %{; x 5 P18 015 ¥ 1.0 x—-—%»'g—ﬁ—g—5~
: X3=004m
Ilmd loss for 22 1/?0 bend (1 place: (3) )
Pipe diameter: D = 500 mm- A = 0,196 e *g“ -”%i%”'~ 4.4
Flow velocnty. c1.%6mfsec 5 '
Head 1088 g = 0.075 x 0.4 x*;*iga“ﬁ‘ = 0,003 m

Head Joss For 45° bend (3 placest (4) -, ® , D)
| o ’ 10

Pipe diaweter: D = %00 mm A = 0,196 n? *%"‘: %*-

5’“ = 2,2

- 128 -



Flow volocity! V = 1,36 m/sec .
lNoad loss: Iy = 0,15 x 0,68 x-~im-~w X3 = 0,03 m

_'Hcad_ loés rfor 90°:benfd {3 places, () @ . )

Pipe dilamoter: D = 500 mm A= 0,196 n®
lt‘lbﬁ velbéity: V. = 1,36 m/sec '
Head loss: HBQ.'—_ 0. 99 """""‘5“"9""8 x 3 =0,2n
lead loss for 90° joint (1 Place! (:) )
 Pipe diametex: D = 400 mm A = 0,126 wd
Flow velocily: V - g igé; 1?2 l?m/seo
- Hoad loss: Hy = 0,99 x 'Eggjé" = 0,25 m
Friction head oss { D = 500 ww)

Pipe diameter: D = 500 m A= 0,196 w®
Flow velocity: V = 1,36m/sec '

Roughness coefficientt Nt Q,01% o
- H~124 5 n _124.5.x 0,013° - 0.026

Dl/j T o3
Head loss: H_ = ““27"*“ Ii
o r P2
iR (7,46 4 1,100 + 7,473 + 57,955 4 12,2
40.8 + 1.5 x 2 + 2, 5 + 20,4 - 3.2 + 2,3 4+ 0.96) =
- 0,360 o
Friction head loss {D = 400 mm)
Pipa diameter: D =400 1am | A= 0,126 0"

Flow velocity: V =.2,12 m/sec
Roughness coefficient: n = 0, Olj

) 124.5.x valj - 0.0

| 0.4'/3
f
Head losst llf: BN L
L0y 1,66 = 0,060
0.4 x 19,6
lead loss due Lo outflow .
Pipe diameter: D = 400 mm A= 0,326 "
Flow velocilyt V = 2.12m/§ec
Head loss! By = fg o v 1,0 x 2425 . 0,25 m
‘ o o 2 19.6 '
Head loss due to Venluri meter 2.5 m S
ZH = 0,02 + 0,04 + 0,005 + 0,03 + 0,28 4 0,25 + 0,% + 0,06 + 0,2% 4+ 2.5 =

3.5 m
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n} Distribution Pump Moads - Rapid Sand Filter: (Surface Wash)

#4900
liP-¢
I
@
- lst srAaE
£
3
z»- Ind  STAGE
®
& ] |
o | |

Ropid Sand Filter

Q= 32m2 X 6.15m3/m2 min = 4.8m3/min = 0.08m3/sec

¥ o= %02 o ?“5“ 1.6%n/se0
e .
Hoad loss due,to inflow {1 p%aca; OR
0 xR L o.0m
he = fe 78 ._0)x19 {

g0 vend kead loss (5 places,o @ O X 2, @ )

L. 04
N

g
hg -Ol)xl()x]‘é”‘z““*‘xbm()l()m
201/? nend head loss {2 placed,@ ® )

P 1,2
b= 0,25 © 48

hg = 008x044x1"$§g*""x2.-0101n

90° branch connectlons (2 places' () @ )

hBo - 0,99 x§ &é.,... x 2502 m
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Head loss due to friction _
Roughness coefficient: n = 0 013 o
N 124.5 x.0,013°
0. ptlfﬁ

f o= = 0,0314

‘ _‘ 0.0514 . 6+ 20,
N T A (1.45 + 6,614 + 40.8 + 1.5 x 2 + 7,13 + 4
' : ~.2 44, 9 + 2% + 4.4 ) 0.57 m

Friction in surface washing equipment 2,29 m
TH = 00’?»010»0]0+0?7+05?4??9~34m

4 2*3 Chemlcal D031ny and Gh1011ne Neutralization Equlpment

4—?~5-1 Chemlcal D051ng F30111tios

a) Quality of Wator fxom the Plnp River (from data at tho hxast1ng
014 Plant) |
‘ Turh;dlty Qf Raw Water -

Jan | Feb [Mar |Apr {May | Jun [Jul {Aug | Sep |Oct | Nov |De Hean

1966| 7.0~ - - - - 11.0| - 112.0] -~ 11,0} 47.057.6
1967{25,0/~  [11.0[11,0/36.0] «  |42.0[3800] - [99.0] 52.0| 26.0] 75,8
1968[11,0| 25.0] 25.0| 9.6]1606 B35, 1| 29,7 88.7] 97.5] 25.0f 11.0} 56.0
1969|110 8.0|33,0] 12,0[ 12.0[ 1800 0.0 - | o5~ [16.052.5
1970] 19.9| 16.0] - 23.0[ - * |2100{1900[155.0[%55. 0] - | 37.0[ 40.0{ 115.9
1971] - |56.0|26.0]52.0{ 28,0[131. 0| 37.0|1200 - | 94.0[102.0[ 45.0] 69.4
1972 - | 20.0{45.0[30.0[ = |29.0[54.0[108.0| 67.0[~ |~ |- |50.4

: 679
Meani 14.6{ 25,0]28.0| 22.8 58;6]35%3 T7.21155.8|155.7| 96.8] 6%5.4 50.?[3?.3

Alkalinity (yearly average) 60 - 80 ppm
pll {yearly average) 8 - 75

b) Design Turbidity

The Turbidity Frequency Chart, compiled from the above data,
ig as féllows, Where data was not available, the average for Lhat
particular morith has been calculated and uscd as the estimated
value, |
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o peaks appear in the fOrégoing_Turbidity Frequency Chart,
The irst appears ut about 60 ppm and corresponds to seven months.
The obher peak is at about the 160 ppia level and corresponds to
94% of t{he year or about eleven monthq‘
The role of chomi.cal d031ng in water treatment 13 very impor-
tant. - In the present dosigns, pxoyaratlon to treat turbidity ias set

ag Tollouws,

Design winimun turbiditys 10 ppm
Mean turbidity: : 200 ppi
Maximun turbidity: 500 ppin

¢) Ingtallation of Alkaline Dosing Baui.pnent

Alkalinity runs high through the year, between 60 to BO ppm, so
that alkaling d081ng equipment seems unnecessary on the basig of this.
data. But obgervation of the actual operatlon of Chiang Mal Water
Troatment Plant No. 1, uoxng raw water from the Ping River, shows
that alkaline doslng is done for aboui ten to 15 days each month or three
months during the Opefational year, at peak times when maturation of
floc is unsatisfacbory, "Therefore, alkaline d031ng equlpment has
been planned in this design.

d) ‘Design Facilitica for Alum

A total of thiee units each with a capacity to treat 16,000 mj/day
shall be provided, one ezel. for stages, 1, 2 and 7.

Design Turb1d1ty and Chemical DOSlni Ratlo - _ -
S04)= 18150
“Raw Waten De&lg - Doging Ratio

Purbidity {ppm {ppin)
Mex i mum 500 g R 4
Koan 200 42
Minimum 10 - 7.5
1 Unit

Quantity of solid alum'(&& (804)5 . 18H50)

Max, = 16,000 n’ /D x 3665 X 4o = 1,152 kg/D = 0.8 kg/min
~ Mean = 16,QQO w2/ x 1%56 X 42 = 672 kg/D = 0,467 kg/min

Min. = 16,000 n3/b Jéoo X 7.5 = 120 kg/D = 0,083 ke/uin

- ]52 -



Volumo of dissolved alum (as a 5% solution of A1203)

A12(SQ4)3 . 16H0  (666) 1

)

V =0+ (Wxp, - X
o A0y o “(w2) 100

V = Yolume of alun {as a 5% solution of_Ang5)

G = Quantity of solid alum (A12(S04)3 . 18Hz0)

W = Specific Gravity of V (A150%3 5% solutlon -1, 184)

P =% coefficient of V (x%) '

066 . ).
x 100)

To7 = 2080 1/D = 2,07 1/min

Max. 3152ke/D + (1,184 x 5 x

: 866 Ly - o T - ;
Mean  &72kg/D + (1,184 x 5 x 05 ¥ Tog! = 1138 /b =121 1/min
Min 1?0k2/D + (1 164 x 5 x 288 x =) 311 /D =0 ?2.1/m1n
v ReRe ' 102 * 100 -« *

Injection Pump (Plunger Type)
quax = 2.3 /min  H =20 m Ps = 0.4 KW
Pump stroke range 10 L
Solution Tank '
Two'solutioh‘tdnks each with ong day's capacity for the mean
operating shall be installed, and used alternately,
1.3% 15" B 15™ (He = 1.04™) % 2 tanks
(Sfeel Strgcture with ‘hgitator) - '
Capacity 1 1745 1/tank
Agitator: 0.75KM/unit

-1s£'Stage ™ Zna Stage %rd Stage

Doging Pump 2 sets % sets 4 sets
{1 standuby) (l stand~by) (1 standmby)
Solution Tank| 2 tanks 4 tanks 6 tanks

Kethod of Alum Dosing

Solid Alum (equivalent to JIS-K- ]4)0) shall be dissolved in a
golubion tank to fori an alwm solution (A1203 ;%). The dosing ratio
shall be determined by means of jar tests from turbidity meter and
raw water flow volume data obtained at the control room, and also hy

use of the table of Tabulation of Alum for Corresponding Turbidity



in Silica Units, Then, the plunger stroke shall be correspondingly
adjusted by manual operation, and the dose injected into thg head of
the flocculator tank.

o) Lime Soda Peede1'Fquipmcnt

The conoumpt10n rate of alkalj aL Lzmo of maximun turhldlty
(500 ppm) S |

72 ppm (alum dosing rate) X 0 4% (conoumptlon 1ate) 42,5 ppm
Line Soda Dosing Rate _

5? 5 ppn x 1,06 (Lime Soﬁa 1equ11ed to increase alkal1n1ty

1°) = 53,92 ppn
lee Soda Quantltnes
1

1st Stage 16,000 "/day x 3%.92PP™ 4 665~ 542, 72%ke/D

2nd Stage 32,000 "/day x  33.92PP" 4 1666 = 1,085.44kg/D

3rd Stage 48,000 5/day x 33,9200 Tb%a = 1,628, 26kg/D

lime Soda Solution Doging Volume (at a strength of 200 W/V %)

18t Stage 542.72kg/day x 292 « 2,715 /any = 1.881/no,

2nd Stage 1,085.44ke/day x <9 100 s 4271/day 3,771 /no. |

srd Stage 1,628.16kg/day x Jgg 8, 1591/day = 5.651/no.

Injection Pump (gyrating process pump)
“The pump volume is set so that flow velocily in the pipes
is 1.0m/sec in order to avoid sediment accumulating in the
doging pipe,
Sectional area of pipe 2% ﬁm”dia.'ﬂ = 0,00049 e
Vo= Low/sec Q£ 0.51/scc = 50 Vwin

q = %0 Vain o H = 20 mn Ps = 075 KW x 2 pumps
. ' S (1, stand-by)



Solution Tanks
1.%m x 1.3m .H = 2,0m (He = 1.5m) x 2 tanks x 2 units
(Steel Siructurc with Agitétor)
Capacity: 2500 1/tank
Agitator: 0,75 KW/unit
Gauging.Well_
B=05na I=10mn
Caleculations for overflow notch (300)

H:=0,8x 1 wit{steel structure)

Q(m3/see = ChS/2
_ S

S

FIAY

¢ = 0.3109 (0.5769 + 9¢9%52i )

When h = 2.9 cm

Q = 03109 (0.5769 + 92039y 4 0265/2 | geron L

0.029 _ 107
= 5470 1/D

When h = 3,9 ¢cm
Q = 0.5109 (0.5769 + 228y o 6593/2 gaa00 x L
< _ 0.0%9 107
'When h = 4,7 . v 2,2 3/
Q = 0.3109 (0.5769 + 2:9%My \ 6,0095/2 4 o400 x -
0.04% 102

= 8500 1/p

ist Stage

2nd Stage

3rd Stage

Dosing Pump

Solution Tank

Gauging Well

2 sels
(1 stand—by)

2 tanks

1 tank

2 sels
(l stand—by)

4 Lanks

1 tank

2 sets
{1 stand«by)

4 tanks

1 tank




Tine Soda Dosing Method
Movw of doéing for Limo soda .is as followss

Hanual Operéating Measured
Valve e - ' Volumc

Iime Soda augtng Rccelv3ng

Beeder Bquipment | - Well Well‘-

_________________________ — | ]

Lime soda {JWWA-K-108 or equivalent) is dissolved in a
solution tank to make a 20 % (W/V % strength) selution. The
volume required for dosing is less than the flow volume in the
dosing.pipes necessary Lo provent lime soda sedimentation.
Therefore, cycling is used between the lime soda equipuent and
the receiving well, and the ealeulated volume of flow obtained

by manual operation of a valve installed Just above the entrance
to the gauging well., The measured volume is injected into the
| receiving well fron the 300 notch of the gauging well.
4-2-3-2 Chlorine Dosing Facilities

Facilities for waler treatment for Stage ¥ shal) have a
capacity of 26000 mj/day, and additional units of the same capacity
shall be buill for Slage 2, and for Stage %, 80 that the Lotal
comp]eted Cap&Clty shall he 48000 n /day.

a} Chlorine Dosing Mquipment
Volume of water treated: 16000 mj/day

Setting the maximum dosing ratio at 5 ppm, the maximum dose

volume will be:
16000-m3/day x 5 ppm = 80 kg/day
Calculating the maximum chiorine storage as ten days' supply,
“the total: storage volume ahall be!
80 kg/day x 10 days = 800 ke
Selecbing the 100 kg cyllnder as best for storage, inspection
and Lran3portlng, the number of cylinders ¢ be stored are:
800 kg + 100 kg/cylinder = 8 cylinders
Rosing shall be done at one location with a single dosing

~machine, with a calenlated capacity as follous!
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800 kg/day + 24 hrs. = 3,33 ke/ne,
' Thué,'the dosing cquipment shall be:
2 units (1 spare) -—- Capacity, 4 k¢/hr.
The ¢hlorine shall be introducéd’ by a chlovine.ojeotor.
Assuming the Yiquid chloriné to have a strength of 3000 ppm,
the volume of wator requireﬁ'will be! '
' ' 3.31‘kg/hr. x 1/3000 ppn = 1,11 mg/hr;
| ' 0.018% msfmin}

Thus, requirvement for pressure HUAPS will -bo!

H

i

20 /Min. x 40m x O,75Kw, using 2 pdmps (1 Stand—by) 

Typet Yacuum-type mechanical diaphragm punp

Installation! Attached 16 floor

Capacily: Maximum of 10 kg per’ hour

Moter limit: 10 ¢ 1

Meter method: Flow meter calibrated

Opérafion method: Manual operation (raw water flow volume

66mpari30n possible by installing adapter)

Injector supply water: 4.0‘kg/cm2 ' '

Operational breakdown indicator included.

Pressure gauges inélude chloriné préésﬁfe:gauge and water
pressure gauge, ' '

Bquipment for safety, prevention of flow reversal, cxcess
pressires, excess vacuum, or double flow reversals, '

Gist of Shape: 400 W x %00 L x 14%0

1st Stage 2né Stage 3rd Stage
Pressure Punp 2 sebs 3 sets 4 soets
(1 stand-by) | (1 Stand-by) | (L Stand-by)

Chlorinator 2 sets 3 sels 4 asetls

(1 stana-by) | (1 Stand-by) (1 Stand-by)

b) Method of Chloring Dosing |
‘Chlorine gas from its cylinder shall be accuralely measured
in the injector under controlled vacuum pressure, then dissolved
in smal) amounts of water, and inj-cted at the inlet of the c¢lean
watér reservoir. So that prcchlorinution is possible in the future,

& branch pipe shall be installed, and clesed off by a valve,

¥ B



c) Method of Oporation

1} The injoctor is operated by oponing a valve lntroduclng
water pressurs, _ o

2) Chlorine gas is 3upp11ed ta the chlorlnator.-. _
'5) The amount of chlorlne 1njected is calculated from the dosang
ratio and the volumo of water. Then, the volume of the dosing
is adjusted Lo coincide with dosing volume graduatlon readings
by operation of a flow conlrol valve.

4-2-3-% Kquipment for Chlorine Neulralization

a) Calowlation of Capacity for Neubralization

Capacity sholl suffice for neutr&lizihg‘vapqrized_chiorine from
one 100 kg cylinder. | '_ : u _ '
~ By the following formulas, the amount, of heat. transmitted'from
air in the room {o the 11qu1d chlorine shall be determlned
Q=K A, Ak _ . L
K ¢ heat transmission rate from air Lo liquid'chiorine and.
| heated chlorine 20 Kcél/mg'hoc

t cylinder surface area 2. [} m

-

t ¢ difference bebween room temperature and Lemperature of
~ liquid chlorine 60°%
= 20 X 2,75 x 60 = 3300 Keal/t
The evaporation heat of chlorine is 59 Kcal/kg S°=if all the
avove heal is uscd for evaporationy Lhe heat from evaporation
would be as follows! '
W = 3300/59 ¢ 56 kg/nr.
Thus, allowing for safety, the neutralizer capacity shall be
100 kg/hr, |
b) Neutrallzing hgu}pment _
Calculation of blower capacity

Voo volume of 1 mol, of chloring s, 2% 4t at
- weight of 1 mol, of chlorine gas - 273

W ¢ volume of heat from liquid evapo?atioﬁ 56 kg/hr'
ot difforence betwecn air Lemporature and temperature
_ of ligquid thorine 60%¢
V=56 kgfhr, x 2244 Y7L g x 333/273
= 56 kg/hre x 0.0224 w2/0,01 kg % %53/273 = 21,6 w/hr.



_Provided ﬁhe blower capacity is 21.6 mB/hr. or more, pressure
inside the room will unolt excecd oxterior pressure (expelling
outside the room will not occur). However, actually, the - '

concentration of ehlorine gas which can be treated by the
neutraiizer is 1q$ or lass,
Blower capacity:’ | _ - : .
21.6 w/hr. + 0,1 = 216_m3/hr. = 36 md/min,
- So, taking into consideration ﬁhé blower efficiency -
2507 x 240 4 x 20 n?/min, x 40 mnAq x 0.75 ke
x 1 blower - l:.
¢} Mathod of Chlorine Neutralié&tioh

Leakage from the chlorine cylinder reom and the injeclion
chamber shall be detected by a leakage detector, activating a
warning lamp in the control rovm, '

_ Aftgr Verif&ing the warning lamp, neutralization shnll be of-
facted by use of the neutralizer, by the activaled soda circulating
puap, and by blovers operated from fhe control panol of Lhe
chemical dosing room, | '

4-2-4 Drainage System in the Plant Avea

4-2-4--1 - Summary_of Maste HWater Diainage Plan

Raw water brought from the intake plant on the Ping River will
be purified in the btreatment facilities of the water treatment plant
and sent to the supply districts, Waste waler from the various stages
of the purification process is of many Llypes, ranging in quality ffom
close to that of raw water, to waste water containing various chemicals,
to water close Lo treated clean waler, and ranging in quantity from

. small volumes at infrequent intervals to voluwes of several hundred
cubic meters per day. In order to control the quality and volume of
this waste water, not only 1o enasure smooth disposal but {o provent
environmental pollution arising from wastes, a lagoon (excavated 2m.
in depth, and 4000 me in area) has been planned within the treatment
plént site, '

Waste waters small in volune snd presenting no problems as to
quantity are to be discharged into a water canal flowing aleng the
gast side of the treatment plant. Olher waste walers are disposed of

by pump into the Ping River by way of the lagoon.
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4~2-4-3 Dotormining the Waste Water Pipes

a)

b).

R0091V1ng Vell Overflow Pipe

Based ‘on graphs showing the relation betwsen overflow volume(Q)
and . overflow wator depth(") from the overflow plpo(w1th bell-
mouth) valuos are as follOwu.

Overflow volume O = 48, OOO mj/day = 0 555m5/360. (F%tlmated
for %Srd Stage)

Ovorflow depth Il = 0,20 m

Assuming the above, pipe dianeter will be D = 500 tam

When pipe of Lhis_diameto: is laid horizontall& for 84 m te the
No, 1. manhole, Lhe differendé in water 1ev01$ (hm6.55m)
betw@en the'fo“éiving woll'(+331'56) aﬁd the elevation of the
hotLom of the pipe (|504 45) ¥ill cnsure a fully adeguaie flow,

Receiving Well Drain Plpe

Assum1ng the entlre capacily of the receiving well to the
weir levei is the-vblume of waste water,”waste walexr volumec:
Q = 0785 X 6,5 1° x 5.32a = 176.5 m’

Pipe diawetevr: D = 7550 mn

In determining pipe diameters, when the flow veélocity within
the pipe is sel at v = 1,0 m/sec, volume in the.pipe will be
Q= 0,1 m3/sec. This is on condition that the drainage time be
about %0 wminutes.

Because the dyain pipe from the receiving ﬁell to No.) manhole
ig lafd level (horinontal distance is 11.65 m), when lhe pipeé
are fﬁll, the bottom elevation (+306.00m) and-élevation of the
top of the pipe (#30%.40m) afford a difference in level of 0,60m,

With this, the water musi flow, To investigate this matter;
Setting the flow volume in the pipe at Q = OJl:m3/sec. we obtein
an approximate calculation of head loss falloﬁing for head loss
at pipe bends, ete.}, making C = 100, we calculate by the Hazen-
Williams formulat ' ’

ne=i,1=4.,9x 001165 = 0,057m 0.600m

Thds water wili f10w adequately even with level drain pipes.
Pre fqﬁson'levél pipes are used is that it wes unavoidable due
to thé comparatively high waler level of the canal (+7305,00m)
at thé'dfainage-site.‘ If tho water level of the canal were lover
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it would have been desirable to have a slope to prevent earth or
sand accumul&fing inside the pipe,

. Purthermore, the reason for increasing pipe diameter from 350
min 4o 400 mm is that 34%0 mm ACP pipe is not available.

¢} Receiving Woll Prain Pipe for Outflow Channel

This dvain is designed to handle thal volume of waste waler
: which will not flow through the overflow pips.
Volume of Drain Water: Q = 3,14 x 8.1 m x 10m x 0.3m = ‘.6m7
Pipe Diameter: D = 100 mm ' o |
In determining pipe'dinmetér,.flow velocity is temporarily set
at v = 0,8u/sec, in which case flow volume in the pipe is
Q = 0,006 m3, and the drainagoe time becomes about 20 minutes,
This pipe diameter is sufficient for adequate flow even if ~
the pipe is léid laevel to the canal {horizontal distance AL
14.50m), due to thc difference in waler levels beilween the
bottom of the receiving well drain (+310.00 m and the botion of
the pipe, (+:305‘35m)
d) Flevated Tank Ovopflow Pipe

Based on graphs showing the relation belween overflow volume

(Q) and overflow water depth{d) from the bugle-mouth overflow
pipe, values are: '
Overflow volume O = 5,760 m”/day (Estimated for %rd Stage.)
Overflow water depth il = 0,15 m
Assuming the above, we find pipe diameter to be
D = 150 tam '
¥ith this diameter, flow in the pipe will be adeguate due Lo the
difference in water levels of the elevated tank (HWL + %18,00m)
and the level of the boltom of the pipe {+3%05.0025 m), even if
the pipe is laid level to the canal. (Level distance to canal,
£ = 5,10m, Actually, slope is 152.19%)
e) Klevated Tank Drain Pipe

The volume of drain waicr is defined to be thal water below
the low woter line of the clevated tank, for determination of
this drain pipe diareter,

2

[y
Volume of dvain walert € = %2m% %x 1,0 m = 32 n’

Pipe Diametert: D = 150 mm

m]43~



In deternining pipe dianmetor, flow #elocity in the pipe is set at a
trial figure of V = 0.85n/sec, Unden this condition, flow volume Q =
0.015m /sec and drainage timo will be about 35 minutes. Hater

flow will be adequale, because of the difference in water level
vetwaen the tank hottom (+314.00m) and the top of the pipe (150) l?Sm),
oven though the pipe be laid level to the canal, a distance of £

= 51,00 (actually the gradient is 2, 1p)

f) Flush Mixing Basin Drain Pipe

The entire volume of the flush mixing basin is assumed to be

the volume of the drain-watér‘ o
- Prain water yolume:‘,Q = 1.9m x_1.9m x‘3.0m b2 10.8m3
Pipe diametex: D = 150umm

An assumed value for {low veloclty in the pipe is get at V -
0.85n/see in caleulating Lhe plpc diameter, Tn that case, flow
volune will be Q = 0,0015m /uoc, and drainage lee will be aboul 12
minutles. .

Noti only is there adequate difference in,watér level between
the flush mnixing basin and No. 1 manhole, but water will flow by
gravity, the slope being 11.5%.

By the Kulter formula, if n = 0,011,
when the slope is 11.%%
Vo == 1 025m/sec
Qo = 0,01820°/sce > Q (= o. 01‘)1:13/%6)

) Sedlmtntation Basin Dy 11n Pipe

S]udge disposal fron sedimentalion is effected by drainage
puimps, and sent to No. 3 manhole by pressure pipes. Calculakion of
volure of sludge is done with design work for the sedimentation
basin, and only deﬁerminations for the pipe are shown here.

~ Sludge Volume!: Q = 200m3/hr = 0.0556m3/sec. Diameter of pipe
for Lthe pump delivery side is D = 200mm, Elow veloclly in the pipe
thus would be wore than 2m/sec, with excessive head loss, There-
fore, pipe diameter for the sedimentation basin drain pipe shall bhe

D = %00um,
h) Rapld ?and Pilter Wash Water Dralnape Pipe

The flltor washing cyele is 40 to 60 minutes, and two filters

are not waohed at the same time. Drainage pipe diameter is detea-
minéd as that requ1red to drain that volume of waste waler

produced by washing one filler ab any one time,
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Wastlo water volume Q = 104m3/)m1n/ba31n = 20. ij/mln/ba51n
. _ = 0.547m3/sec/ba31n
Using gravity flow for draining, and applying the Kutter
formula:i n = 0,011 D = 600me 1 = 2,20%
_ | V=1, ?4)m/sec Qp = O, 3520m/sec > Q
Therefoxe, plpe diametor 13 designed at b = GOOmm and the

plpe to be laid on a 2 204 gradient,

i) Rapid Sand . Filter Drain Pipe (vaste and_Qverflon)

There is an overflow-pipe for the receiving well so the
overflow volume may be oxeluded from caleulations, and the pipe
d1ameter determlned Lo carry the volume of waute waler alone.

Daopocal or Waste water (per basin) volune = @ and is
~caleulated as fqllows.

From upper edge of trough _ _

bo top of filtewr - 5.0m x 6.4m x 0,7m = 22 .4m3
Filter sand (porosity‘40%) 5.0 x 6.4 x 0.6 x 0.4 = 7.68n°
Filter gravel (porosity 35%) 5.0 x 6.4 x 0.5 x 0.35 =5,60m°
Leopold block (porosity 30%) 5.0 x 6.4 x 0.3 x 0.3 = 2,88m°

. Qo =48.,56m>
Thus, waste water volwse per basin is sol at Q = Qy + X = 37m3
If washing tiwe is forly ninutes per unit, then capocity must
be 1o drain Q (3Tm3) of water in forty minutes, (But, the voluwe
retainable in the drainage channel shall be for one side & maximum
value of n H L
Q =1.0x2.0x 19 B = 359, 6m
Setting the oulflow volume as Q! = /40 = 0.925m3/min., and
vdilng gvavity flow, the Kutter formula gives the below values:
n 0,011 D= 2000 I = 2.2%, thus ¥ = 0,554m/sec, and
q = 0.0174m5/sec - 1{044m3/min Q!
Therefore, pipe diametor ig determined as 200mm, and the

gradient on which the pipe shall be.laid as I = 2,2%,

i) Clear Wator Basin Drain Pipe

The clear water basin conneots to the clear Water reservoir,
The volume of watler drained is estimated nt Q = 1.0m /aec and pipe
diametor set at 200mm, This pipe shall be linked with the rapid

sand {filter drain pipe, and drainage conducted so ag. to avoid
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overlapping.

k) Clear Water Heservoin Ivainage Systen

Ovorflow pipe is omitted, for reasons given below,

1} Water dovels rise in the Ping River at flood times
(HM,L. = +306.008) and would cause a backfiow if an overflow
pipe Were installed, posing. danger of polluting the clear water.
2) Overflow pipés are provided both in the receiving well and
the rapld sand filter, and a safeiy factor of 70cm is allomed

.in designing the height of the olear water reserv01r

The weothod of disposal is Lo send waste:water to a manhole
uging a portable-type submerged pump, then to Qse naturallgravity flow.,
The volume of waute water is con31dered to be that capacity below
‘the low water leVe] in the reserv01r.
Volume below the L.¥.L.

Clear Water Resevvoir 0.3m x 48.0m x 24.0m = 345:6m3
Distributing Pump Well  1.4m x 8.0m x 24.0m = 268 ,8m”
| 3Void, 4mj

I a pump is used capzblo of pumptny a volume of Q == 1, 4m /mln,
drainage time will be about seven hours.
Pjpe diameter is designed Lo obtain a flow of 1 4mj/min (:
o, 02jm3/sec) According to Kulter's formula:
n= 0,011 D= 200mm T = 4,06 V= 0,7520/s0c
Qy = 0.0256m3/sec Q
Thus, pipe diamcter shall be 200mm, laid on a gradient of 4,0%.

1) Pump Well {Rap]d Sand Fllter Drajin P]D?) and Pump Specifications

hg stated in paragraph ( ), prov1dcd the washlng Lime per unit

ig determlned as forty mlnutes, the volume of drain wator wlll be
3{m3 The amount owaaterIaccumulatablo in the drnlnage channel
per basin is ljmj (1.0 X 6.55 x .O) s0 Lhat the velume of drainage
water whlch mast be dlaposedlofrduring the washing process is
Qf = 37 - 1% .?4m3.‘ Calculating Lhe'reqﬁtrcd pumﬁ capacity

rh?4/40 ¢ 6m /mJn and allowing a safely factor the value will
_be” Q = 0, TmJ/min Water accimulated in the drnlnare chainnel ghall
bé: dra:ned in periods betwoen wash1np

he pump-lift head s caleulated as the actunl Lift from the

minisum oporable water 1in§ of theé pump well to the waler line of
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the connecting memhole, to which is added head loss avound the
pump, This 1if{ hoad value is dotoriined to bo K = Gu. - Thus
specifications for the pump ave as follows: |
O.Tma/mih x 80im Dia, x 6m x 2.2k x 1 pomp

The size of the pump well was deternined by fivst fixing the
basé height, which is set by the gradient of the pipe leading from
the rapid sand_filter. _If'volume is_calcuiated with the high water
level of +306.00m.t _

. Y= 2.0mx 2.0m x'3.4m height = 13.6m3
Filling_timc ig: ' '
T - ji%q%:%_EOmin. _

m) Onén Chamel (concrete)'

The width of. the open channel is determined so that when

clogged by sludge; it can be oleaned out by shovel.

1) Open Channel Breadth
B = 500mm (Betweeh the No., 3 manhole and connceting
manhola, ) '

Flow volume: Hydraulic mean depth shall bYe sufficieni that
Q = 0.0SBmﬁ/sec (Drainlpump capacity for rapid sand
| filter)

Water depth; H = 0.2%m Gradient, I = 0.8%

Roughness coefficient, n=0,01%

Assuming the abbve, the Manning formula may be used as

follows: '

flydraulic Mean Depth: R = yiny = mgilgﬁa = 0.125m

Flow velocity: V = *%T" R2/3 .1 1o .
e x 0,12542/% x 0.0008+1/2 = 0.54n/sce.

Flow Volume: @'= AV = 0,125 x 0.54 = 0,0675r /sec > O
Therefore, Lhe channel is to be built as detailed in the

design dvawings, with a gradient, I = 0.8%.

2) Open Channel (concrete)

B = 800mn {between Lhe connecting manhole and No., 4 manhole)

+
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Flow Vblume§ @ = 0.058m /590 (Sludge pump capacity for
sedimentataon tank) FO 347m /sec (Washing
waste water volume for rapid sand fllter)

_ = 0, 45m /sec. '

Regarding X ,

Disposal of wasto water frem the clear water hasin is
infrequent and may be done at other times than that for
disposal of washing waste wator. However, dréjnagé from
the dlqtrlbutlng reservoly shall be con31dered together
with washing waste waler, '

The Manning formuls is used setiing values és'folloﬁs:‘

 Wator depth H = 0,50n  Gradient, I = 1.6%
Roughness coefficient n = 0,013, |
Then, '

Hydvaulic Mean Depths R = --Bl. . 0.40 . o 20
BroH 1.8

L

Flow velooity: V = ~l*-‘R‘% . 1'1/2 £
n

1'“'" n-?-‘. D
0.01% x 0,22 3 0,0016

i

RN

1.120/sec.

Flow volume: Q' = AV = 0,40 x 1.12 0.448m3/sec.>Q

i

Thus, the channel is to be built as shown in the design

dvawings, with a gradient of 1,6%.

n) lLagoon
This facility is provided to gather wasle Water from the
various proceaﬂes, and enable control of the quallty and volunme,
The lagoon is dGSIgned to be made by simple excavation, wi.th a
bottom area of 3%, 26)m , bthe sides sloped to argradient of 2:1 and
with a depth of 2a,
Inflow volume! Q,O :.400m3/day'(sludge volupe from sedimentation
 tanks for 1st Stage) + 624m5/day (washing vwagte
water volume from filters for lat Stage,
washing ono filter per day) + A
= l,OSOm?/day or 12.15 €/sec.

‘Dosigned water levelt +304,00m
' ~148-



Estimated underground
water level in rainy seasoni +304 ,00 .
Capacity of lagoon (if water depth = 1.%m)s

s [R5+ B) -
v=3(A+fA,B v B)

SO U

o) Qggggﬁihation of _ the Dagoon Pump_and Punp Hell
Pump capacity shall inélude a 20% safety factor for.raiﬂ‘
wéter falling into the open channél’to increase the inflow volume,
and other factors, .
Q= 1,050 /day x 1.2 = 1,250n>/day = 0870 /uin
The 1ift load of the pump is estimated at 10m, which includes
the 1ift from the lowest operating water level to Lhe water leﬁel
of the Ping River, plus head loss due to Criction in the pipes,
and head loss of the pump,
0, 87m3/min x 100mm dia. % 10m x 3.7kw % 1 set
The pump well has a stop log, so constructed that the upper-
level clear water only may be drained off, Capacity is as follows: =
V= 2,05m x 2.00m x .? m = .74m5
Filling time will be:

TN L
T = oy 6.6 min,

p) Drainage Pipe for Clear Surface Water of Lagoon

As stated in paragraph (o) the design was made wiih waste
water volume set at Q = 1,250m- /day, to be discharged inlo the Ping
River by pressure pipes, BEven though the waste be lagoon surface
water, il has been assumed that the waters will be nuddy, and pipes
were determined so thal flow velocily would not be too slow
(D = 150m, V = 0.82m/sec).
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4--2-% Culenlatlions of Diamclers of Distributing

4-2-5-1  Policy

Distribution
_System
Fxisting 01d
(No,1 W,T,P.
Systom)

Bxisting Now
{No.2 Water
Treabment
Plani Systen)

AD 1900

AD 2000

7000 x 1.5 = 105000°/a

10500m°/a {1215 €/s)

221,54/ 500)
4000 x 1.5 = 6000n/a
(69.5 2/s00)
2000 x 1,0 = 2000m°/d
(23.4 f/sec)

1900 x 1.5 = 2850m°/a (32,5 €/s)

Proposed
(Paton Water
Treatment
Plant System)

16000 x 1.5 = 24000m°/a

4100 x 1.0 = 41000°/a)
(47.8 2/sec)

; for'UniV.
1900 % 1.0 = 1900 o _
(21.7 “sec) ;
46100 x 1.5 = 69150m°/a (800.3 ¥s)

Total

(27152 4/s00)
C 42500m°/4

AD 1980

86500m°/2

The supply district shall be divided into two systems, the

Existing 0ld System and a sccond system combining the Existing New

System wWith the Proposed New Sysiom. . ) :

The Bxisting OldiSystem'lies'on the right bank of the I"ing Rivew,
its boundaries being the purification plant to the nerth, the vicinity
of the Mengray bridge in the soﬁth, the Ping River on the east, and a
line between the Southern Gate and: the North Gate of the city walls on
the vest. This area is comparalively low, and is served by natural
‘gravity flow, . . '

At present the trunk main along the Ping Wiver is no% adequate in
‘capacily sd that it will be necessary 1o enlarge the trunk main's
capucity as for as the vicinity of the Suriwong Theatre.

. 'the Bxisting New Systom, besides supplying water to Chiang Mai
University, will have as its supply area a bell extending from the
“vicinity of the Existing How Plant in the wostern part of Chiang Mai
Cily to the vicinity of the city walls on the west side. However,

_ihere is a difforence in water level) with the proposed nev system so
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- that the two sysiems camnol be operated in uﬁison, Consequéntly, the
distribution mains to the southern seclor consist of double distribu-
tion pipes., The éuppij'district'for the proposed new systém is the
area roughly circumscribed by the Super Highway alohg'the.left bank of . .
~the Ping River, and the areé}SOuth of the Super Highwéy on the vight
- bank, running in 5 north-and-south direction through the center of the:f
walled city, with the Bxisting 0ld System and Existing New System on
either side, | | | |
AD 2000

All 1ncreaue 1n Waier supply capac:ty between 1980 and 2000 AD wi11
depend on thc Propoqed Water Treatment Plant The1e1010 the distribu-
tlon areas for the hxl Llng 014 System and thc Exlstmng New System
will be smgller in 2000 AD than in 1980,
~The Exidtlng 0ld Systom will yield to the Plopoaed Hew System
'_the eautern‘half of that pert of ite distribution area within the city
~walls, and the southern section near the Mengray bridge. The 2000
AD east-wost limits will be the eastern wall of the CLLy, and the Ping
. River, while the north«eouth llmlts will be the purlflcat;on plant and .
the vieinity of @E) S ' ' |

© The trunk maing of ihe Existing New System shall run north along

the Irrigatioh'Canal;?tHéh turn west toward the Univewsitly water
“treatment plant at the sduth part of Chiang Mai University. In
addition té_supplying water to the University, this system shall also
supply waler Lo the areas enroute, o that it will not be adequate for
‘the entire requireménts of the University, The deficient quantity will
be,supplied £rom the.system of the FProposed Water Treatment Flant,

The Proposed Sjéfem shall cover most of the area of the right
‘bank of the Ping River and all the left bank area. To fully utilize
the BExisting New System's 300 - trunk main, a sub-main shall be
instadled, extending to the Rincome Hotel from the fork at the Super

Righuay mentioned above.
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ixisting Old W.T.P
(No,1 W.T,P, Systen)

- AD 1980

(C=:130)

Wydal § ¢

I Quant ity ameler [Length : W.a'ter'l.evel Choad Lev el llesid{ni Fead
Fiom-To : : . |Gradient O e '
(4/5cc) | (am) (m) | (%o {m) (m) {m) -
@ﬁ%éﬂ) : o : - 32&39 _
16--16 | 1216 390 | 120 ©26 | 32649 | 30543 .| 2006
1617 | 1215 | 390 | 630 26| 3241t | 30832 | 1879
1718 | 1147 | seo | 430 23 | 328127 | 30521 | 1791
1815 87.4 390 { 190 1.4 32285 | 30670 | 1615
18419_ 262 | 200 | 270f 39| 32206 | 30616 1590
1539 869 | 336 | 260 29 | 32211 | 30560 16,51
39-42 | 784 | 336 | 3s0 | 24| 32128 | 30423 17.05 |
3938 69 | =200 | 210 | 03[ 32204 | 30565 | 1639
42--65 498 { 260 | 430 36 31976 { 30370 16.06
4211 148 | 300 | 770 02| 32114 | 30641 14.73
42-43 1.t | 200 [ 160 01| 32123 | 30650 1468
65-73 | 472 | 260 | 330 32 | 31860 | 30388 14.83
6566 17 | 150 | 740 0.0 | 31968 | 30559 14.09
54765 27 | 100 | 280 7] 31976 | 30370 1606
736 393 | 250 | 650 28| 31690 | 30361 1329
78-72 277 100 | 700 L7 31%47 | 30375 1372
13-63 0.8 100 390 0.2 31863 30490 1373
60--58 20.7 260 [1230 0.8 31585 30266 13.20
16-38 | 24| 200 | 510 0 32204 | 30565 1639
10-20 | 145 | 20 [ 290 L3 ] 32169 | 30616 1653
3837 93 | 200 | 550 06 | 32173 | 30666 16,07
20-22 81 ] 200 | 790 0.4 | 32134 | 31057 10,77
3736 5271 150 [ 620 0.8 | 32L24 | 30869 1265
1166 08| 50 | 300 49 ] 31968 | 306509 14.09
41-40 9.4 300 [ 580 0.1 ] 32L09 | 30779 1330
66—72 48] 100 | 460 48 | 31747 | 30375 1372
6766 67 [ 150 | 520 12| 32033 | 30701 13.32
6362 29| 100 { 680 19| 31863 | 30490 1373




e

I*r om ~Po

Quanti ty [Diameter|Length
(4/sec) | Gm) | )
102] 150 280
43] 150 280
211 150 610/
9.3 150 410
5;.4 100 260

Hydraulic

o

Residnt [

Water Leve ! | Grannd Level
Gradiant i :
(%) {m) () o)
27| 32L09 | 30779 1330
0.5 32124 | 30869 1255
01| 32134 | 31057 1077
23| 82022 | 80031 1991
61 30490 [ 1373

31863




Bxisting New W.T.P. . AD 980 W= 180
(No.2 WP, System) , - S

]

3 Quantity [Diameter|Length Hfdmuik Whm{heﬁd Guhﬂlm#clﬂoﬂ&nl“&ﬂ..
From-To | - | Gradient T o
R (£ sec) () T} 1 (%) Gn)  : (m);_ -G
90/ {New plant) '| | | ssse0 |
00500 432 300 ] 150 66| 35276 | 32623 | 2654
9089 8751 300 | 550 50| 35001 | 32£02 [ ‘£800
8930 | 865 | 300 850 [ 49| 34684 | 32106 | 23.88
3031 703 | 300 | 300 42| 34458 | 31860 | 2508
31-33 | 393| 300 | 700 L1 34381 | 31261 3120
31--32 40.0 300 | 650 ). 12| 34380 | 31835 25645
3334 376 300 | 770 L1| 34296 | 31086 32.10
1 34—-24 | 11 300 | 780 0 34296 | 31483 2813
32-26 | 390| 3060 | 690 L1t 34304 | 31809 | 2405
g : - (35125 .
2524 26| 232 | 580 0.2 | 342906 | 31483 [ 2813
2625 5.0 232 | 630 0.1{ 34208 | 31809 | 2489
26--27 309 | 250 [ 960 18| 34952 [ 32282 | 2670
27-28 | 256 200 820 37| 34649 | 33149 15.00
28-29 23.1 200 680 31| 34438 | 33862 | 676
(U niversity 1 .
34—88 30.8 200 | 820 52| 33870 | 31052 2818
8869 [ . 244 200 120 3.4 33727 30714 3013
69-70 24.4 200 | 700 34 | 33489 | 30367 31.22
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“Proposed WP,

A

From-To

.4(prppdsé
4 2

2~ 1

121
2122
22--23
23-36
3540
35—68
68--67
6869
6971
69--70
7170

( PING

(PING RIVE

AD 1980 (0= 130)
on ¥, TePSysten) R B
Quantity fDiameter|length UydeaulicfWater Level [Qreond Tevel [Restdml Head
. o Oradimt
(fseed | ) | (md f Of) Gnd | () ()
R RIQUD REGION [SYSTEM ) | |
¢ b(aﬁt) : : : . |
-:g?mi 600 | 200 1.5, | 34240 | 30478 37.32
923 | 350 [1,870 2.6 38724 | 30864 | 2860
726 515.‘ 330_' 0.3 33705 31049 2656
671 | 515 ;ojo. 6.2 | 33681 31057 2624
59.9 365 ,:sob; Lo | 33633 | 31221 24.12
543 | 350 | 820 1.0 | 33553 | 30016 2637
s | svo | 570 0.0 33553 | 30779 27.7 4
468 | 212 310 85 | 33289 | 30830 24.5¢
L6, isdil 650 | 01 | 33282 | 307.01 26.81
4151 232 | s10|. 44 | 33065 | 30714 23.51
117] 180 | 700 55 | 32820 | 30640 | 2180
282 200 | 700 45 | 32750 | 30367 2383
s | 100 (1,080 06 | 82755 | 30367 | 2388
RIVER LEFT RBGION SYSTIM )
184.8 | 450 [ 130 2.8 | 34174 | 30570 36.04
1786 450 | 200 26 | 34122 | 30650 35.72
1628 400 | 880 39 | 33779 | 30450 33.29
160.6 400 | 850 3.8 | 33456 | 305625 20.31
131.0 350 | 610 5.1 | 33L45 | 30449 2696
69.5 300 | 880 25 | 32925 | 30372 2553
50.7 300 | 670 2.5 |.32077 | 30436 26.41
50.6 300 | 990 1.8 | 32747 | 30312 24.35
39.7 250 | 150 28 | 32705 | 30344 23.61
2.6 150 | 390 0.2 | 32702 | 30338 23.64
381 260 | 850 26 | 32481 | 30304 21717
6.7 150 | 430 13 | 32710 | 30393 238,31
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I*rom-Jo

6455
555 6
56--517
13172
1047
1011
47--4 8
1849
4946
1t—14
1444
.1¢~13
h4w45

Quantity

Diamet ce|Leng th [Hydraulic|Water Lovel
o 4 lQradient, ST
(o) (m) (%) Gn)

hm;;B‘ 500 | 22 32371
250 (1,100 17| 32184
200 leo 1.7 31007
100 | ago 23 | 32612
200 | 390 26 | 32876
300 | 460 07 | 32043
200 | 390 18 | 32806
200 | 360 Lt | 32766
150 | 380 0.2 | 32758
360 | 360 de 329.23
200 | 380 25 | 32828
100 | 490 45 | 32702
200 | 480 16 | 32751

Crrand Level

Resickinl Head

30661

RS ()
30240 2131
36342 | 1842
-30294' 1703
30490 | 2122
50402 | 2474
304.07 25.38
30388 | 2418
30373 2393
306.6 1 2097
30497 24.2 6
30570 | 2249
30490 | 2212
T 2000
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Bxisting Old W.I.P.  AD 2000 (0= 130)
(No.1 W.T.P. System s ]
- Quantity Dﬂi.:'uhctcr Leagth|[liyd raulwi'c Water Level Grand Leve 1| Resical 1éad
< From-To - - | s A ad ieat : Co N
o {4/sec) (an) () | Ha) (m) ) ()
16/ (0ld plant) | I . 32580 | N
1616 | 1215 | 390 120 26| 32549 | 30843 | 2006
1617 | 1215 | 390 | ss0 26 | 32414 | 30532 18.84
1718 1 089 390 430_ 21 _32&2@ 30621 H;&pé
18-15 837 | 390 | 190 ta | 32300 | 30670 ] fe3q
1sajg 235 | 200 | 270 32| 32239 | 30490 1749
1539 829 | 336 260 26 | 32232 | 30560 1678
3942 817 | 836 | 350 23| a2150 | 30428 | 1728
30-38 18| 200 | 210 0 32459 | 30565 | 1894
4265 603 | 260 | 430 50] 31936 | 30370 | 1666
4243 135 1 200 | 160 1| 320133 | 306s0 14.83
42--41 L1 300 | 770 0 32151 | 30641 1510
65--73 562 260 | 330 42| 31797 | 30886 | 1411
6564 28| 100 | 280 1.8 31985 [ 30404 1581
65-66 L3] 150 | 740 01| 31932 | 30559 1373
7360 359 | 250 | 650 23| 31647 | 30361 1286
7363 27| 100 | 390 L6 31734 | 30349 1385
60--6 1 a1 | 100 | 230 37 | 31662 | 303431 1221
61--62 L7 | 100 | 300 071 31540 | 30300 1240
13--64 1L8 | 150 | 410 36| 319085 | 30404 1581
64--63 691 100 | 260 0.7 | 31734 | 30349 1385
5362 36| 100 ! 680 28| 81540 | 30300 1240
1920 21 ] 200 | 200 0 a2238 | 30616 16.22
1938 39 | 200 | 510 0.1 | 32233 | 30565 16.68 .
38--37 21| 200 | 650 0 32231 | 30566 1665




- Existing New W.T. 0. AD 2000 . o (0?130) -

.[I%mj*ﬁ;li‘ LPijStQm) - bt ko et '
SQuantity [Diameterfiength [Ilydmulic[iater Level {Groand Level [Resical Tével]
From-To | . ' S QOradient \ : e - o
| (&rsee)] G () G%o) - ) Sy ] Gm)
190 7 (New plant) _ ' 3(:38...'3'0 | | )
90490 | 803 | 300 [ 150 A3 36785 | 32623 | 4162
00-901 | 130 200 [4000 L1 | 36345 | 34000 | 2345
9089 | 653 | 311 | 550 29 | 36625 | 32192 | dass
§9--30 628 | 300 | 850 | ~ 27| 36305 | 32196 | 4100
3002 603 | 250 |oz0 | ez 35825 | 33375 | gds0
92-94 | 478 | 250 [L010 40| 35421 | 32747 | 2674
9495 478 | 250 | 850 | 40 | 343831 | 33862 | 1219
{University) o R -] N S R ]
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Proposed W

P

{Paton W.T.P, System)

AD 2000

(C=130)

o

e Q’ua'ntit_y: Di ame téxfLength llb’draial'ic Wa ter Lieve | | Qround Tével Résidml Head
I*r oim-To - : - [Gradient] . . . _
S Wseed ) G | ) | (o) (m) (m) - (m)
(PING RIVER LEFT REGION SYSTINO| R
B 4(prqpused plant) o 34240 ‘
Ca- 2| sreaf 780 | 200 30 | 34180 | 30478 | 8702
a3 3791 | 460 1136 10.5.{ 34043 30570 3473
3~ 5| 3685 | dso | 200 9.7 33849 | 30650 3299
3475 10.4 2005300 | 07 -33&72 31L00 : 25?2 
s-12| 1858 | 450 [L150 28| 33526 | 30543 | 2083
5-- 6 1441l 400 | 880" 31| 33574 30450 3124
5-77 | 281 | 300.{8600 0.6 | 38322 | 31400 10.22
1213 994 | 353 390 -] 29 | 334138 30490 29.23
12--84 80.6 | 300 | 320 43| 33388 | 30541 2847
1314 067 | 363 [ .4900 ] 27! 33279 | 30407 27.8 2
14—a4 | 738 | 296 | 380 39 | 33131 | 30579 26.5 2
14—11 | 191 300 360 03] 33268 | 30407 2861
4446 659 | 296 | 440 'az, 32091 | 30661 23.30
A4--45 -S40 100 | 200 35 |. 33061 30433 2628
4685 662 | 250 | 64 7.3 | 32526 | 30421 | 210%
19—46 { . 65 232 [ 380 0.1 | 32001 | 30661 2330
; 85»-5@ '37.3 250 73 0 2.5 (gggz}? 3034.2 : 20._0-]
56-67 36.5 200 [1,100 2.2 822790 | 30204 19.85
5556 24.6 250 |1,100 12 ] 32343 30342 20.0'1
5786 1177 150 | 800 35 | 32000 | 30500 15.00
6 8 | 1332 | 400 | 850 27| 33346 | 30525 2821
6 7 54 | 100 [1,200 6.1 | 32844 | 29800 27.44
879 421 ] 250 [1230 3.2 | 32949 | 30460 24,89
8- 9 721 350 | 610 17 | 33245 | 30440 2796
8--7 8 6.2 100 [1000 7.0 | 32550 | 20800 2759
1981 202 | 250 | 1,200 1.6 | 32758 | 30280 2478
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From-To

79--80
8183
5381

31—-82
84—-10
1047
10-- 9
11—-10
47--48
148-49
49—-50
952
5253
53--51
B4
50--51

54--55

RQuantity

556
474
3356
664
4198
20,4
384
259
3zz

CPING R

17 4

1-75
21-22
22-20
2223
| izzmss
20-37

IVER RIGIY
8169
1378
2291
186.8
11.4
2181,
835
966,
1d.0
. 73.8

Diameter

()

o]
100
200
150
300
296
300
300
‘296
296
232
300
300
250
250
232
250

Length
(m)

1,200
3,600
900
L5000
330
3040
670"
460
390
360
430
880"
£ 990
150
850
3990
500

I' REGION
780
652
515
500 .
1650
516 -
336
365
150
350

Hyd 1‘.aul. ic

| Gradient

2.8
0.2
0.2
23
1.7
3.0
3.0
1.8
0.8
2.1
1.9
19

SYSTEM
200

1,870
130

1,100

3700 )

L8790
790
500
G10
540

3.0
23
21
1.7
3.4
20
2.1
23
4.9
L7

Water Lievel

32997
32866
32080
32805
32793
32667
32793
324.91

334,00
33390
33181
33274 .
330.89 .
33088

Grod T,evel
()

29800
29900
30280
29800
30436
30402
30449
30446
30388
30373
30338
30372
30312
30344
30304
30344
30240

304.78
30864
31049
3i4.50
319.00
310579
30616
3122
30869
305606

Residwl [Teal

27.9 6
28.24
26.7 1
26.2 4
26.2 8
2608
2493
2449
2263
24.49
22.31
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v o -To

Quantity

(f/se:c)_

3741 601
3637 [ 09
41-66 64.9
4041 33
66--72 | 533
6667 4.8
72-58 420
7271 3.9
5859 116
74--26 | 160.3
2632 470
26--27 41,0
2626 64.8
2423 5.9
24--34 163
2524 580
%3--35 920
35--68 1107
34--35 482
3540 183
6869 101.8
6867 2.1
6970 100.3
8869 1 4.9
6971 5.6
7087 33.6
71--70 2.8
3231 Ads
3133 44.5

Diameter
(us)
350
1500
300"
300

[.cngt h

“(m)
280
620
300
580
i80
520

2,250
510
4,500
1,080
690
960
630
360
780

Hydraul ic
Gl i ent
(o)

' L5
0.0
2.9
0.0
1.8
0.7
3.1

[
(%)

3.4
13
0.7
3.0
1.4
0.2

11
2.6
4.2
L7
0.3
31
0.1
3.8
L4
0.9
2.1

0.6
1.4

Water Lievel

33088
32958
33045
32875
32023
(33488
32709
31300
335 h)
33390
360.13
33349
33274
331.63
33283
3306 1
32033
3306 1
330,46
32773
32023
1298,
32773
327.09
33700
32509
33351
33251

30641

Groud Lével

(?}t)

llcsi(lml_ Tlesd

(n)

305686

30559
30641

30375

30701
30265
30640
29800
31809
31825
32282
- 316.37
31221
31085
31483
300.16
30830
300.16
30779
30714
30701
30367
307.14
30640
32200
30367
31800
31261

2529
28399

2500
2992
19.05

24.04

24.04

20.69
1500
1626
1565
2731
1812
20.5 3
20.7 7
1800
2145
2103
21.45
2267
20.59
22,22
21.4 2
20.69
20,69
1500
2142
1651
1

=]
&t

©
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S . Quantit“; i)‘;:umc terilhength liy_ci ranl i _c"%’atérl.evol'_(}_rdmd I:evel | Re sidual ilmd .
From-To ﬁ - [ Qradient S S e '
(L& 5ed) Con) 10 ) (%) (m)- (m) (i)

4934 | 305 | 300 [ 770 | w1 | 33163 | 31086 | 2077
3488 268 | zo0 | 820 | 41 32830 31052 1778
3640 75 | 150 | 280 16 | 33040 | 30779 | 2267
40—67 131 | 150 | 280 14 | 32623 | 30701 2222
6771 126 | ‘150 | s40 40 | 32709 | 30640 2069
27-28 28,2 | 200 | 820 4.4 | 34649 33149 | 1 5.0 0
28--2 9 217 | 200 | 680 27 | 34463 | 33862 601
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4-2-6 Caleulationg of Pipe Thicknesses
| 4=2~6-1 Loads_Considered

"a) Interior Prossure
Still water prossuvra: Ps
Moving water pressucet Pd -

b} Exterior pressure

Barth covering
- Truck weights and shéck pressures
4-2-6-2  Method ‘of Calculation

a) Induction

Tensile stress due to interior pressure, at
(Pg + pd).d B

[TV S

o’t‘- 24

fQ-oos);‘cofioao}cu#{-a-c{r-lﬂnl (l)
alse, d é inner diameter of pipé; t = pipe thickness.
Torsion stross due to exterior pressure, oy
C6{Mp + Hy) 6{Xeurr RiWR2
. _max e : (2)

@ v

b
lw.Mf‘; Kf¢WfaR2 Ol'lot')l;lllllttlllilOOIIIOffDl (3)

Mt = Kt.wt.R2_ onoo-..;osuuo;conuntl-‘ol.ooctp- (4)

';5-A-aiso, 7 . _
' Mf:_torsion monment caﬁscd by the éafth cover
Mg: torsion moment caused b& truck loads
Wp: earth pressure due to earth cover
Wt: earth pressure due to truck loads
R :'width of ditch
Multiply torsion stress p by 0.7 to convert to Lensile siress.
. Pipe thicknesses shall be determined so as to satisfy”the following
| equatiqn,- ' :

+ Oallai} T T T SR {5)

Ty %
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v) Safety Factor
- For still watex pressuro. 2. 5

For moving water, earth cover and truck welghts‘

e) Method

2.0

When the drag tension stress ef the p1pc waterial is dessgnated'

s, formula (b) becomes &g follows. .

20)01’3 "’ 2000;:(1 + l'4a-b = S “O|tll..lltlli.il|ll_li._l (6)

an

dtd
Leaving R = d/?, ¥ may be formulated as followai

stress due . to still waler pressure

1 siress due to moving water.pressuro-.

1L 25P, 4 Py b J(1 25Pg + Pd) ¥ 8. 4(waf ¥ Ktwt)s

29

¢ unib wedght of carth

i depth of earth cover

L 2P(] b i)
(26 + 0.2) (28 + 2.25)

i ¢ shock factor

P ¢ rear wheel road

4-2-6-% Design Gonditions
© §1311 water pressure, Pst 4.0 Kg/cm2
Moving water présgure, Pa: %.9 Kg/cm?_
Assuming the distribution of pressure due to the
earth cover to be as shown in Drawing A,
Kf = 0.223_ _ _ '
As suming the distribution of carth pressure . .
due to truck loads,
K = 0,01 |
Barth's unit welght K. 1 6 g/cm

Pruck weight: T - 20

;183H
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Shock factor due to truck woight:

Dlag tension sttesa for plpo mate11a]'

Stqol

Cast ilOnz

K 4100 kg/cm

%800 kg/cm

Pt A A L B R A -

a) Steel Pipe for Casings (hydrostatlc pressures and shock pressuroes

not present)

0.5

Diameter

Barth Cover |

S U —

Earth load

b) Duotlle Cast lron PIpe

Diameter

(mm)

600

(wr)
{cm) (Kg/omz)
200 0.48
300 0.48
Farth Cover alth Load
(v}
(cm) (Kg/cm )
140 0,226
140 0,208
15% 0.216
140 0.208
0. °O

184~
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Load Due to ;Calcu]ated Pipe
20-Ton Truck [Pipe Thick-|Thickuness
(we) ness (t) To Be Used
(Kg/cm ) {om (cm)
uuuuuuuuuu o ‘--1
0,048 0.59 0.1
| 0,048 0.35 0.60
Load Due to [Ca]nuldted ﬁgpe%‘ﬂ
20-Ton-Trick Pipe Thick-|Thickness
(Wt) ness (1) TolBe Used
 (ke/ on) | () {em)
Type 3)
0,159 0,64 0.9
0.176 0.51 .8
0.16 0.41 0.5
0,176 0.41 0.7
O j) O 6’
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Chapler 5 Construction Work ?lans'

51 .Basic Conditions for Construction _
-2 PreparatOry Work for Which Contractor is Responsible

5-3 Constfuciion Vorking Plans for the Various Works
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Chaptor 5 Construotlon Work Plang -

_ Thc f0110w1ng constructlon work plans are outllne plans. The succeas- -
ful bldder shall, before begianing the oonstructlon, make. a Construction
Work Plam, submlt it to the ngineer for approva], and execute Lhc Works -

'accordlny to Lhe approved plan.

5-1 Basic Conditions for Construction
The following pOints.shail be taken ian cons 1derat10n in plannlng the
work. The Contréctor'shall make a feas1ble economlcal and ofilclent gon= - .

structlon work plan based on con31derat10n of Lhcse points.f

“5-1-1 Natural Conditions. Portalnlnp at the WOrk Site
5ele-del Ralny Season L . _ .
During theé seven months from Dccember throngh Juno, there is almost 
no rain. From Lhe Kao Pun’ Sa .in July and’ On, there is & heavy ralnfall :
5o lw1-2 Nam Ping Rlvcr : '
The river water is turbid at all’ tines, and the water level is'ldw
durlng the dry - season, bub remains about one meter deep atl the lntakeq
5~1-1-3 Planned Locatlon of the: Purlflcatlon Plant _ :
Beecause the 1ﬂnd is a low paddy fleld along the hlghway, filllng s
noceqsary. ‘ s : . '

Gul~le4 . Drainage Channels -~

Since the “intake plant ia alony the P]VLPy 1t will not be neoessary .

to build speclal drainage channcls, There are Jrrlgatlon channels,
carvying irrvigation wator during the lrrlgallon beason, located around

the intended location of the pur]f:Cdtion plant.

5-1-2 Construciion Mach1nerv and Materials. Procurab]o i Thalland
5 1- 2-1 Materials _ _ ‘ '

Materials procﬁrnble in Thailand include aggrégate‘fOr conbrete,
sand cement, reinforcing steel, :brick, a hard stbﬁe of the repion eall-
ed 311araeng, woed for foris, erushed stone, and fuel for construction
machinery., ,

Bal-2..2 Con%truct1on Hquipment and TOOIS

Items procurable in Thailand include tractors, buildozers, dumip
cars, etc. Also available are_dropnhammor'type pile drivers. There
seem Lo be almost no construction firms possessing boring equipment

or steel forms used for concréte.
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51229 Fxperienced Skilled Workers _
Pruck drivers are available bul very few operators of special con-

struction cquipment,

e P:gparatoygﬂWork For Which Contractor is Rcspon31b]o

Before h@glnntng the consbruction work, the Contractor shal] carry out
the follouwing.

5.2-1 Investigation of Lhe Vicinily of Lhe Site -

B B N e T e ]

Be2el-t During construction of the intake plant, & near-by area of
land across tho road from the intake plant site will be used as a
materinl storage arvea and for fabrication, This area is the planmed
gite of the housing facilities for. the staff.at the*raw wa e intako
plant., .

5.2-1-2 The condition of the road from the highway to tho intake plant
shall be invesligated, as repair of certain sections is necessary,
5.-2-1-3 The proposed localion of the new water purification plant is
close to Lhe bhighway., Duriung the height of consiruetion, the traffic of
vehicles going in and ont of the site will be heavy so measures will be
necessary Lo prevent accidents with general traffic vehicles on the
highway. A Lemporarvy ouxiliary road wiil be necessary at twe locations.
4-2..1-4 Preparations shall be wade for provision of electricity, and
vater supply needed for the consbruction work. Sources of power reed
not always be electric.

5-2-2 Procodures and Applications lo Concerned Governmeni Offices

The Contracior shall make all applications, and effoct all procedures
necessary, including import and transportation of construciion materials,
Haigon regarding exclusive use of localions on the highway, clearances

for diyging up roads, and clearances for work affecting river channels,

The Cont‘actor shall build an BEogineer's office, & Conlractor's
office and 2 werehouse on or in the vicinity of the site.

G--2--4 'Arvnngemonts for Tools and Materials for the Work

The contractor shall make adequate advance arrangements for im-
ported itoms not domestically procurable such-as steel sheet,
ala,, as well ns lor domestically produced materinls such
as sand, gravel, cementi, erushed stone, lumber, reinforcing steel, and

stone, Particularly, large amounts of carth and sand will be required

~188-



for filla, so that sources, amounts available, the available capacily to -

- transport, etc., shall be ascortained before commencing work,

G265 Arranpcments Tor Labor

53

5

The. successful bldder will find it necessavy fo recruit special
skilled labor from non--local sources, so arcvangenmenis for their
housing must be wade in advance. Ordinary laborers shall bo rocruited
locally. - But, the general rule shall be that location of housing will

not be allowed at or on the consbruction site,

Gonstruction Working Plans for the Various Works

-%5-1 Teuporary Coffering for the Intake Facilities

Construction work shall be done during the dry season when Lhe
water level is comparatively Yow. - To protect the area around the intake
mouth, a tcmporary coffer dam shall be made uSJng wood pillng and sand-

bags, with carth packed in beilween,

5-%3-2  Embankment Work for the Giil Chambbr

5

A large area is affected by the oxcavation of the raw water
channel to a depth of 1.0 m below ground level, To lessen the affectled
area and prevent crumbling of the face of the oul, ciibanking work sha]l
be donc, using shéob piles, '

Dralnage shall be done by pumps operated by diescl engine, and the-
waste water shall Le put inte the rivexr, ‘

Karth from digging shall be taken to the site of the new proposed
purification plant. | ' . '

5-% Refills of ¥arth ai {he Intake Plant

Underground water tends Lo cause rising of Filled-in earth, Thus

carcful planning iz necessary as to method and Lime for rcfiiling in
order to prevent struclures built over refilled ground from tilting or

collapaing,

5-%-4 laying the Raw Water Main

Ge

The raw waler main shall be laid at the same {ime as the %00 mm
conuecting main to the exisiing waled purification plant and the 400 mm
connecting main to the new proposed water purification plant; Excava-
tion and refilling alse will be done at the same time.

Where croessing the highway, a 800 nm diamcter steel pipe shall be
used as casing for the 400 mm main and a 600 wa diamelor steel pipe as
casing for the 300 mn diameter main for protection,

5-5  Jand _Preparalion for the Hew Proposcd Mater Purification Plant
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The conotruolion site and the connccting road from the highway to:
the construction site for the 1st stage shall be built up to a'hejght of
+306 m; after-the constrﬁction for the Receiving Well, Chemical'Sédimehtntion
Basin, Rapid Sand Filter and the Dis trlbutlon Basin, Construotion of
facilities other than the foreg01ng shall be done after: completlng '

filling of the conﬁtruotlon site,
5-%-6  Hork for. the Sand Mat of the Scdimentation Basin and Receiving Mell

The bottom of the scdimentation basin and the receiving well will
be buili higher than the existing ground lovel. Therefore, sand shall

be spread evenly and tampcd‘down firmly before dfiVing the Piles.

5-%.7 Foundation Work fdr the Clear Wator Resorvoir

The bottom of the clear water resorvoir will be about 3.5 m lower
than the existing ground level, Boring tests have shown that about 44 5
“will Be the depth al which the over ]ayer of olay glves way to the sand -
layar hetow. _
Using Lh1s sand as a foundation, al metor laver of sand shnll be
laid on top. _ _ .
For thig qlte, excavatlon m%y bo done w1thout filling first, Shect
piling shall be driven prior to beginning work to prevent erumbling of

the faces of cuts due to water draining in, or due {o excavation,
5-3.8 loundation Work for the Blovated Water Tank, HecelVLDP Wall, uedimen~
. tation Ba31n and Rapid’ Sand Yilter

Because these structures are heavy, care shall be taken that the

concrete piling is driven deep cnough to adequalely reach the undoi-
layer of sandy soil,
5-%3-9 Iaying the Distribution Maigs

$.-3-9.-1 - Location of Underground Installations

Before excavating, ]nveqtlgatJOn of the area shall be made with
coﬁuerned partics present, even though locations of the installations
may bo indicated on maps,
5-3-9-2 Paved Roads

' Cuttlny for maine on paved rOads shall 1nclude 1/% the widih of
the maln dltch addltlonal on each 1de. or a total of 2/5 nore Lhan
the aotual main channel._ The Contractor shall pay the concerned
agency the OQ?E ofiféstofing paved road crosslngs vherever dug up

53003 Covering Up Moins

‘The earth coverihg is specified on drawings and is detormined
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for cach pipo-diamotor,
5-3-9-4  Aduoducts |
‘The section of the main crossihg the Ping River purallél to the
highway Shall have a special viaduct, Concrele pillars shall be
orected, aligned with the span of the piers of the adjacent road

‘bridgé,-and on the up-river side of this bridge.
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Chapter 6  Contract Documents for the Works

Tender Documents
Instructions to Tenderers
Conditions of Contract

Specifieations

Quantity Tists

" Bid Schedule ’

Advertiéing

Inveétigating‘and Fvaluating the Qualifications of

Prospective Tenderers
Selocting Tenderers

The Ténder

Repoft of Evaluation of Tender Doauments'

Concluding the Contract

‘Selocting the Successful Tendever
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‘Chapter 6 - CONTRAGT DOGUMENTS FOR I WORKS

. 6-1  Tander Pocwnonts

-.Teﬁﬁefing wiil-bo based on the follqwing dooﬁments:

-

Invitation to Tender

n

_Inétr@gtibns.to Tenderers
Tendor = | '
'Tbndqr_Quafanfoe:
Pérforﬁahcé'ﬂond

Agrooment

'--1‘_0'\ R = S o

‘Sﬁeoifioatidns ‘
(a) Genéral Conditions
~(v)  spsotal Conditions
8 Bill of Quantities
9 TForms for Material Costs
.10 Drawings
Mo above documents shall be made for the purpose of intornational

tender,

6-2 Ingbruotions to Tenderers
Instructions to-Tchdérers'are inétruotiqns and admonitions con-
corning tender procedures, The major matters referred to ave:
Instruo%iphs on filling in Tender Documents
Submitiing of program for construstion work
Submitting the Tender Cuaraniee
Submitting data on Foreign Curroncy requirements

Instruétions on submission of substitutée plans

R-NIC S CRPITRNY U

Confidential ireatmenti of Docwrants

—

Non-presponsibility of PWD for expenses'incurred by Tenderer
Method of submilting Tenders '
Retraction of Tender

N oo

10 Roturn of Documents

. 195 -



6-3 Condiitions of Contract

The Conditions of Contract shall be those 1nc1udod as a part of the
Contract Document fov this Proaect‘ llowever, any Conditions of. Contract
which ave in standard use by the PWD may supplemcnt those contalned in
_“thc Gontract Document, and the Gontract01 muat famlllarzze h1mself w1th

t}loqn. '

6-4 Specificakions

The Specifications include, in addition to dotailed specifications as
to workm&nship, materials, bomporary works, such bfher‘doouménts as Des-
eription of the Yorks and Tist of Drawings. | ‘ | .' L
The standards described in the Specifications and the detalled
Quantjty Lists are ma:nly 180 Standalds, or equal standards, because inter-
national bids are to be hoid. . . . .
DJmeuqlonS, wclphts, and strengths are prresqed 1n tho metrlc Sy 5

© Lom presontly in use by tho Government of Th31land.

6-5 Quantity Lisis .
All sums_cqﬁtained in the detailed Quantity Lists are expressed in
Baht. | S e |
ALY quanL1t1es are estimates, and the completed quantlty of work shall
be neasured by nethods - described in the Quant:ty stts, so that quantlties
may be. determlned for Lhc purpoac of payment.,
The_unlt prlces;entered by the Contractor. in the Quantity Lists shall
_be muliiplied By Lhe measured determined quantities to calculate the amount

of paymoents,

6 6 Bid Sechedule , o
For this progect, international b:ddlng shall be conducted, the best
qualified participants boing selected and designated approved tenderers.
Thc_following_proeedﬁreé1shali result in the seleotiQn of a Contractor
to carry out the_wpfks,.ﬂnd‘the_concluding of a Contract betwgen the
Contraétdf and the PWD, | |
i Advertising
it . Investigating and Bvaluating QuallfIC&LthS of Prospective Tenderers
L Selcctxng Tonderers
iv. The Tender-

v Bvaluation of ender Documents
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vi_  Selecting the Suceesstul Tenderer

vii Cone]udlng the Contract

67 Advertlslng
Advert1s1ng inforas COntraotlng flrms of an 1nv1tat10n to tender

'The advertisement should include the name of the PWD, name of the consultant,=
type of construction, dotall 5, and locatlon, the dooumontu requlred to be
..submltted and the closxng dnte to submit a tonder" Included among
documents required to be submitted by a prospectlve tendcrer should be |
a form t6 be filled in, listing name of firm, locatlon, pald in capltall
zation, bank, recent projeots which the firm completed or partlclpatcd in

and the number of its technical and office staff,
‘ “The closing tender date should bo 60 to 90 days after advortising.

6-8 Investlpatlng and bvaluatlny the Quallflcatlons of Prospective Tenderers

The documients submitted by prospect1Ve tenderers should be. invealhi~
_gatéd and an evalvation made of their suitability to do the. work. .The
work may bost be. done by & collaboration between the authomlty ordering
the vwork, and the Consultant, Thus, prOspeotlve contractors should Ve '
selected who are well quallfled to do the work, Thirty to forty days is

necessary for this soélection,

"6-9 Selecting Tenderers
' A Central Tender Board shall hold meetings and discussions to seleck
e¢ight to ten firms for designation as approved tendorefs. This'work ma.y
require albout thirty dayas.
6~10 The Tendox
Selected tendorers are sent A set of documents for the tender. Cloging
date for submitting a tender should be about 30 days after receiving these

docunents,
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6-11. Ropert of Ivaluation of Tondor Doeuments

* The Consultant shall 1nvest1gate cach sat -of Londer documents SUb=
mitted and wake & report of his ObSGPVﬂtlcnS to tho PUD, Important po1nts[ a
in the Consultant s roport shall be tie completeness of the tender ':_ o
doouwents, the praces sel forth in the tender, meLhods of effectlng the'
work time POqulPOd to completeo Lhe work, capac;ty of Lhe tenderer, and -
-the guarantee, The ev&luatlon of the varlous Lendorers doeuments wil] ;

fequlr about 30 days.

_ 6~1? Soleutlng the Successlul Tenderer

The PRD shall add its OplnlOﬂS to the rep0rt of. evaluatlon of -the
tender documents, and forward all material to the Tendor Board, The . .
Tender Board shall contact those tende:ers who are-rated highest and conduch
_negot1nt1ons. blnajly, the Board’ ehall dGLSPman the succossful tenderer

and tho Lendor prlce. Thl process shall rcqulre about 30 days. f

6—15 Concludlnp the Gontraot

Sagnlng of the Contract shall take plaoe botween the . PWD and the suc-

cossful tendoror after his seleot1on.
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