BRI




" FOREWORD -

ln compliance \v:th the ruqucsl of the Roy'nl T hm Gover nmcnt the Government of Japan
undertook to offer its coopemtion in the swvey for the waterworks project covering the
suburban area of Bangkok, and cntmstcd the Qverscas Technical Coopcnhon Agency with thc .
execution of the survey. ‘ .

(‘ogm/'mt of the importance of the project, the Agcncy sent an cight-member tewm headed
by Mr. Kimio Shlomwa, Techmical bupcuntcmlcnt of Water works Departinent, Nagoya City, to
Thailand, The team stayed in Thatland for 31 days from March 21 to April 20, 1973 during
whieh it conducted survey actmtlcs in five of the nine Ampluns surroundiig Ihng,kok for the
conslnu,txon scheme ol the Separate System w*ute:ww ks facilitigs.

This report was pwp'uod by compiling the survey results {o introduce tha. basic apptroach to
e Sepamtc Syslun and to provide technical data covering populatlon pu,(hcuon, water demand,
*wafer ‘source, heatment plants, distribution systom as well as a rough cstnmtc of the
construction cost.

1 should be mmc than pleased 1f this report proves uscful for the welfare of the residents in”
the suburban a:c’t of Bangkok and at the same time conlubutes fo enltancmg the fnendly :
relations now existing between hpan and Thaitand. _ ' . '

1 avail mysclf of this opportunity to express my degp gmtitude to thé competent ‘Thai
authoritics for the unlimited assistance offered to the team without which the survey could not
have been cdmptcicd succéssf_ully’ as originaily scheduled.

Keilchi Tatsuke

Director-General
Overseas Technieal Cooperalion Ageney,
Japanese Government
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Chapter 1 Pi'cfacc

1.1 Fbrcword

Woiks tor Bangkok melzopolitan water supply, which had been umlcrtakcn by he Provincial Waterwmks?'
Division of the Ministiy of Iaterlor,were transforred to the Metropolitan Watexworks Authorily in 1967 mfter the
atter was established, The authodty, an oxecutive agcncy of the Primc Minister's Office, was founded as a public
enterprisc on ‘an jndependent account. In Pecembor 1968, the Me[ropolitan Waterworks Authority (Iwrcmflel
- mentioned as MWWA) entrusted the designing of the waterworks expansion pioject 10 an American conisubtant,
' Cqmp, Drosser & Mckee Comp:my (CD\/I) The U.8. company was selected by the Board of Directors of MWWA
out of a number of applicants from Thailand, Japan, the United Staies and Britain. CDM Inimediately started his
work after his selection and completed a fonmlion of the Master Plan in Febroary 19?0 _

The Master Plan consisted ol two paits: Summary Report and Technical Report, Acconlmg {0 llw basle .
concept, the glant project with the (ohl construciion ¢ost estimated af about $600 million will be maicrhlizcd i
the: MWWA water supply rcgion which Is technically “divided ‘inta Cenlral Systcm and Semra[e o}'s[cm The
long-term devclopmcnl plfm is based on the cstimation that the popuhlion in 2000 A.D. will be 9,920,000, rate
of house comnection 86 per cent and daily maximum supply 5,500,000 m?/d. The Scmralc System is a

- congregation of small-scale waterworks for an predicted population ol‘3ﬂ$ ,000, rate of house connection 74 per
cent, waler supply populatiun 225,000 and daily maximum supply 36,000 m*/d. Its total conshuclmn cost is -
about §7 ‘million. As shown' in Fig. 1.1, the Separate System covers satellite citics which r.,onl'\m 9 Amphms
“surcownding the Central System and total administrative area arc 1,513 -square kitometers. The principal mdusuy
of the area is agrlcubture, but the area is gradually changing to a bed town: Constinction of sites for moclcm
ndustries is progrcssmg although slowly, and plans are under way to bulld a new inica national wport andd campus
of universities, '

.



. VEEV VAMA 3HL NI SILLTIVEIDINGN ONV  SLYMONVHD ‘SHAHJIWY 20 NY-Id

GNVIIVHL 20 309

.mvg.gﬁﬁ.pu:g Q
TAWYVORNOE VLN :

AETOROCT . WOMSWY . .
APCHACE  AVEGRTED _

WRivm ]

NVIVES inWvs]
JTRSNYHD

\

— . B i/
@ :
ONVEVEY 1V i

.\\:l\\ ./"
TN

NOHYVN V3HA ~
LYMONVHO

et - i



12 Vit to Thailaml of the Semrale System Survey [‘ewm

O the basis of the Master Plan mado by CDM, MWWA entruste(l CDM with the dctallcd design of the
ﬂr_sl-slags; project (targel year‘ 1977 for the Cential systemn). As of May 1913,_CDM has almost comptotéd the
works, As for the Separate System, the Department of Technical & Economic Cooperafl@n (D’l‘EC) sent a request
to the Iapancsé Government for technical asslstance in Septomber 1971, ‘Tho Governiient was also requested to
- appoint Dr, Sachiho Naito as & technical adviser for the MWWA project, Dr. Naito had been working for the

C(ﬂomho Planas a waterworks expeil n the Public Works Deparlmenl Mmistry of ]nlerior ' S
' In vesponse (o the request, the (aovemmonl approved the appointment of Dr. Naito to the additional post.
As for the technicsl assistance, the Government promised to make positive offorts in the process of budgct
" formulation in i9?3 Dr. Naite 'conduc(cd basic su'rvcys of the Nong Khaem dislrlcl until Marelt 1972 when lis
{enure lcrmmatcd Eyen a!‘lcr the end of his tenure, he continned resc'trchcs and, on a private basis, compllcd A
' pré-feasibilily report and submltlcd it to Geieral Managcr. Prof. (‘hamns Chayabongse, MWWA. ‘The rcparl':
conccmcd pre~l‘eas:bihly studics of only the Nong Khaom district, ouc of the nine Amphurs of the Separate
: Syslcm The following persons coopcmtcd for the compilation of the Teport:

' Bijiro Ugiie™ Pacific Consullants K. K
Ryuji Yanai
Kiyoshi Miyakuf‘a
Kiyoshi'_Asai' ' 7 o
‘Sabuzo Matsumit ' Nakanihon Engilieciingansu]lam.Co.
Isao Kawarwea 7 - o '

~ Kinthi Sri Senanayake . Kyowa Consultant Co. _

. Along with the 1973 budget deliberations, the Japancse Goverment ¢xamined various measures for the
Separate Syslcm As @ esult, i was found that the Master Plan was not enough for detailed design of the project.
The Government ‘recommended the Thai Govarnméul that prcparaiory works for llu, project be %lar!cd wnlh a
* feasibility study.’ _ : : _

The Japancse rccmmncmhlions were 'acccptcd by-the Thai Governmeat, Sunrcy of all nine Amphurs as |
desired by MWWA was judg,cd unable to ckcoute within the fiscal yeat of 1973 due to the limit of budget and
time.-The Thai Government was thus informed of tho Japanese plan to conduet suvey of onty five Amphurs out
of nine in 1973, '

COAl thc Japanese proposals were accc;ncd by the Thai Govcmmcnt. MWWA also expressed its Sll'Ollj, desive (o
carry out thé swivey of four tord Amphuss in ‘addition to five. Agreesnent was reachied on this matter, and a
Japanese survey team, as introduced In the attached paper, visited Thalland on March 21, 1973, Mr. Kimio
Shiozawa, chalrman of the tmm, retumcd {o Japan on March 30, bt o:her team members shycd lherc to
continue survey until Apnl 20.

1.3 Contents of the work done by the Scparate System Survey Team

‘The work by the Separate System Survey Team was cartled out exclusively for five Amphurs, The survoy of
four other Amphurs was roughly Involved in relating o the five Amphuis,
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©Prof, Chaivas Chayabongse
'Adtiﬁg,(’}eh'ék‘al Ha’nagei*; | _
Motropolitan Watow Morks Authority,
S e i -
'_ Dear Prbf; Cham_i‘aiti,"' |

I'B :ls mcf prwmlege to eubmit our repor‘b on this datze ti'bled
"?reaFoaoibility Study for - Nongolﬂmem Wutet’ Supply" whioh may bo profembla'
to oonsidor further stepa of realization of uator supply sepuratc syotem ‘

in Motro*politan (‘trent Ban[{kok.

Galling upon Wy personal position in Mwwa (i) Golombo Pian Expert o
in the paot, I have conduoted pre-feambility survey in ny indivldual '
-'capacity aven after explration of the torm of oervice to maet with your
request, and I balieve that ourt Governmont Wi despatoh officialky a
| Survay Mission of Separato System on cbming soon in order to GOmpletb
feasibility study for 9 Amphura under the toohnioal oooparatdon between

;both oountrieo.

Uhtil the 000aaion which our Survey Mission arrivea Bangkok,
_wonld yoa mind to 1aﬁ your staff study this report and let them oollaat
:further data conoerned {n views of teohnical and finanoial aspoots.

Auating’to meet-yau'ag&in in noar future, X amn.

Gordially yours,

Jluite

_ e hiho Noito,
Dry of ‘Engineering,
2nd Floor, Santoku-Yaosu-
Build., 5, No.5, Yasou,
Chuo-Ku, Tokyo, Japan,

- 10 -
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SCOPL OF WORKS, _
EEASIBILITY STUDY BY JAPANESE SURVEY TEAM
FOR THE SEPARATE SYSTEM OF METROPOLITAN WATI.'R SUPPLY
IN BAN(:KOK 'IHA.ILAND

1. introduction

{. The Govcmmenl of Thailand, having plans o construct two wator supply systems ic “ iho Ccnlml=
System and thc Separale System in Bangkok, rcqucstcd the Govommcm of Japan Lo catry out undor its technical -
cooperation program detailed designiitg of the Separate System which consists of water supply’ systuns In9.
Amplivrs aroind Bangkok. Naving cwrcfully studied the above- mentlouc(l fequest, the Government of Japan .
decided to catry out the fcasiblhly study of the system in Amphnrs out of 9, and entrusted its itm)lememmlon‘
to the Overseas Technical Cooperation Agcncy (OTCA) of Japan, The ﬂve ) Amphurs are as follows, :

(1) Nong l{hacm, Changwal Thonburi - :

(b) Lat Krabang, Changwat Phra Nakhon

(e) Bang Bua Thong, Chanigwat Nonthaburi
'(d) Bang Yai, Changwatl Nonthaburi

~ (e}, Sai Noi, Changwat Nonthabun . : :

’lhis documcn( séls forth tl\c scope of works in rcgard 10) lhc I'c'tslblhly study for lhc projecl

I Scopc of Works

' ‘2.. The following surveys aml invcsligallons will bo conduclcd for a penod of 3I (lays

(i) Data collection
{«) Information” on labor conditions, labor cost, constriction materials, construction cost,
constritetion machines, and design standard ' i
(b) Laws and regulations .
(¢} Lxisting city planning, including population eslimatlon in fulurc
(&) Existing geological and soil i¢sting dala
(e} Melcoro]oglcal data such as wind :I[rcctlon, wind velocity, temperalure, cainfall, ete,

(2) Amlyas of existing water supply systém
- {n) Possibility of improvemcm of prescnl facititics
(b) Possibllily of oxtension of present capacity

(3) Water reconnaissaice
(2) Vaslous investigations of cexlsting canal or klong
(b) Quality and quantity of Chao Phya River and Nakom Chat 81 River lhroughout A yean
(c) Analysis of exisiing wells in the pro;ccl area’

=‘f= ...4-_ ‘__-t_: _‘

’I‘hs; deta:lcd 'study on thc follow:ng Ilems whl be conducted hy lhc J-npanese cx pc:ls
(l) Poptllatldn forccast for 2000 Al)

@ Water dcmand forccas{ for 2000 AD ‘ :
(3) l’mposcd site of Wa!cr intake and wator lrealmenl plant, and (I]Sllibllli()n arca

2



(4) Layout plan of tho ft)ilowmg baste facilitics :
() Water intake facilities including pump, futake tower, rccewing wcll
(b) Raw water main : :
{c) Puriﬂcmlon facilities lncludmg wixing basin, ﬂocuilalion b'tsin. scdimcnl'llion basin, rapid
. sand filter; elevated tank for Wash{ng, and elear walcr tank '
(d) Transeission ling i
{c) . Distribution hcxht:cs lmlmihlg cloar water reservoir, distribution main, (Ilstnimlion pump
- or elévated hnk ' '

) Cosi_ésti]na(ion )
(6) Construction schedule
(7) Econonile analysis

11, Prescutation of Docunents

4. The leastbility report will be prepared in English and presented o the Governmient of Thailand.

V. Cmu\lcq:ans aid Facilities to be pm\iid'ed by tie Government of Thaitand
. The I‘o!lowmgs are to be provided for the siavey team by the (:ovcrmncnl of Thailand:
(a) Appointment of two counterparls '
{b) A furnished of fice in Mclmpoht’m Waler Works Authority
- {¢) Two jecps with chaufleuts
- {d) ﬁala and materials related (o the projéct’
' ('c)_._Nt)ccssai_y survey tools,

—13..



The contents of the swmvey work arg shown in the following list of schedule. The survey was conducted

during the mid-summer perlod in Thaitand between Mavch and April,

- Schedute -

Contents of Suryey. work

ianeda.-Bangkok bylliﬂlght '

Date

Maich 21, Wed,
ezl |G
Match 22, Thuts, I Bangkok

~ March 23, K,

March 24, Sat.

March 25, Sun.

March 26, Mon.
March 27, Tues,

March 28, Wed.

March 29, Thurs.

March 30, ¥rl.

March 3i, Sat,
_ ApriI.J‘,Sun‘
' Apfil_ 2, Mon, .
April 3, Tues,

April 4, Wed.

M, Kaneko arrives in Bangkok
by SR Might 307

In Bangkok'

Team chairman, Mr, Shiozawa
leaves for home.

Arrwc in B'mgkok 21:40.
__Only Mr. Kanvko 'urives later.

Visil (zcncral Manager of MWWA for courtesy c1|1
and consilation,

Visit OTCA overseas office of the Japancse Fmb’lssy
for cour{csy call and consultation. :

Inspection of Chao Phya river on the lefl-hand shore,
study of ex:slmg waterworks 'md mspcclmn of waler
source,

Inspection of Nong Khaem aren on the right-hand
shore, study of existing waterworks and inspection of
water source,

M.qp production, duplication, and compilation of
speciﬁcalious at MWWA.

Map production, (lnphcallon, and compilalmn of
spect fications at MWWA, :

hispection of the Sai Noi, Bang Bua Thong and Bang
Yai arcas on the right-hand shore, sludy of oxisting
waterworks and inspeclion of waler source,

inspection of the Bang Phii and Bang Bo areas on the

left-hand- shore, study of oxisting waterworks and
inspection of waler source.

Inspection of the Nong Chock, Lat Keabang and Min
Buii ateas on the left-hand shore, study of existlng
walcrworks and inspection of water source.

Consultation with MWWA Mr, Pracha and others.

Amendntent of the original plan, summary of inspec-
tion at MWWA,

‘Tracing of maps and preparation of specifications.
Consultation among team niembers,

Tracing of maps and preparation of specificatfons.
T'racing of maps and preparation of speclfications,

Inspection of Samsen Water Purification Plant, col-
leeting of reference data,

~ 14—



April 5, Thurs.
April 6, Hii,
April ’I,Sm._
A,ﬁll 8, Sun.
: April 9, Mon.
April Il.),i’l‘u:es(
April 11, Wed.

April 12, Thurs.
Apil 14, Sat.
April 15, Sun.

April 16, Mon.

April 17, Tues.

April 18, Wed.

Apuil 19, Thurs.

Apiil 20, Frl.

-

Bangkok—Iong Koung by WA

llong Kong--Tokyo by JAL 062

Inspection of the Nong Khaem area on the sight-haud
shove, collecting of more materials and gathering of
nmptes for water quality analysis.

. __Prelnmt[on of reference drawings s!ud_v of spcc:ﬁca

lions.

Preparailon of n,fcrencc drawings study of spccnﬂm
lwns.

. l’n‘ep'n'mon of rcﬁ.rcnce drawings slu(Iy of spcclf‘ ica-

tions,

Relnspc’:cﬁon of B-ing Yai and Nong Khaem areas on
the sight-hand shore, 'ulmring of samiples for watet
quality analysis, '

\ Reinspcclié’n of Lat Kmbmag_arca on the {eft-hand

shore, .

Constltation  between  Depuly Gel_lcral" Manager

Amnuay Pranich and Mr. Leo A. St. Michel of CDM.

Andther consultation wille Mg, Prachia Tunsiif, Pre-
paration of - reference dnwmgs study of specillea.
tions.

Another consultation with Mr, Pracha Tunsiri. Pre-
paration of ryl‘crcncc dmwmgs study of specifica.
tions, o

Another consultation with Mr. Pracha Tunsiti. Pre-
paration of rcl‘crem.c dmwiugs study of specifica-
tions.

Another consultation with My, Pracha Tunshi; Pre-
paralion of reference drawings, study of specifica-

- tions.

Remspcclion of the Bzmg Biia Thong area on the
nghl h'md s]mre

Printing of drawmgs, restudy of speettications.

Final consulhllon with Geneeal Manager, DProf,
Chamras,

15 -



N 4 Persons who coopcmled for the suivey

Persons who C()Opcr‘lt('d for the suwoy represemccl Japanese side- ‘-»Mmislry of Forglps Al‘l'alrs, Ministey of
Ieaith and Welfare; Bmbassy of Japas, OTCA, Japan Waterworks Association; Thai side—MWWA, DTEC and
Public Works Deparlment, Minlstry of Interfor, This personal nanes ase listed below, To those whose names are
listed befow angd not mentioned heré, deep appreclation Is expressed for their sincere cooperation: Without thelr
greal eontribution, the suwcy could not have been completed succossfully,

J'lpancsc side!

Mr. Kikuehi, Counsetor of tlic Economic Cooperation Burcau. the Mimshy of Foreign Affairs..

Mr. Yanagi, Chiel; Mr. Komata, Deputy Chief; Mr,buzukt, sccrcmy,and Mr. Nakaki, Secrcmry of the First
Economic Cooperation Division, the Ministry of Forclgn Affairs. :
M Usats, Disector of the Department of Bnvironniental Sanl(ation, the Ministry of Health and Welfare,

Mr. Kunlk'uw*t Chief; Me. Hayashi, l)upuly Clncf,nnd Mr. Kobayashi, Lngmccr,of!hc Water supply Division,
Department of Lavironmental Sanitation, the Ministry of Health and Wellare,

Mr. Nanbu, Chief of the Sanitary [*ngmccrlng Bureau, the Instituie of Public ]lc'mh (he Mimstry of Health
.md Wellare. . o : e

Mr. Sezaki, Flest Secrctary; and Mr. Tokuoka, Fivst Secretary; of the l“mb'assy of Japan, Bangkok, Thailutd.

Mr, Kaldo, Madager; My, Niinomi, (hicf, and Mr, Mutsuro; of the Depactment of Development and Research,
the Overseas Technical Coaperation Agency

M, Miyamolo, Representative; and Mr, Kumagishl, and Mr. Moriwoto; of thc Bangkok Overscas Ofﬂcc of
the Overseas Technical Coopération Agency. ‘ :

Mr. Nishikata, Dircetor General; and Mr, Matsu(h, Techuical Supcrintendent; ol‘ the .hpzm Wa!crworks
Assocfation. .

1.5 Interim répmt issied at the time of the on-spot survey

Vice (,‘h'tirm'm, Dr. Nailo‘s'n,porl (attached paper) was submitted to the consultation talks with General
M'mager at the mcctmg hcld on Apnl 19, the last day of the sutvey team’s stay in Bangkok. Naito’s report states
general concepts of the Separate System as a resuli of the survey work at that particular timé, and it does not put
resteaint on the full concepl of this feastbility study reporl.

-’Ihai side:

MWWA Acting General Manager Prof, (,hamms Chayabongse

MWWA Deputy General Managor: Mr. Ammlay Pranich

MWWA Depnly General Manager: My, Prakob Chuangpanich

MWWA Depiity General Manager: Mr, Kracliok Subhakivilekakarn

MWWA Assiﬁtanl Goneral Manager: M Pracha Tunsiri -

MWWA Chief, l{cscarch & Development Section: Mrs, Chwanpit Dhamasiri

MWWA Counter-Part: Mr, Dhanist Hicuntut

MWWA Counter-Part: Mr. Sittipong Srisistlinam

PWD Dircctor, Provincial Water Supply Division: M. Kaslan Anambulr
© PWD Chief, Provincial Waicr Supply Division: Mr. Sawasdi Orvichian
PWD Staff, Provinclal Water Supply Division: Mr., Aroon Thaicharcon



OVI&RSEAS TECHN[CAL COOPLRATION AGFNCY (OTCA)
BANGKOK Of-FICE.

19th April, 1975,

Préf., Chauras Chayabongse

Aoting General Manager, .
Metropeliten Water Works Authority,
. Bangkok, Thailand.

Deax Prof, Ghauras;

On the behalf of Overasas Technical Cooporation Agenoy, the
Japaness Governsent, 1t is pleased to submit herewith our interiw
report for the separate system to the extent of tive Amphurs.

The faterim report will oovex espeoially the iten of water
reoonnaiaanee. bodaune the nost importent factor to establish mastor
plen of water eupply worke for tho separate syston js to seleot the
water mource., Thus, the other items shall bo sovered by our feasibility
report vhich ie going to submit on somatime around September 1973,

bue to the liwitation of time sohedule and budget of the Survey
Team, we Yogret very much that we have not covered whole Amphurs to
carry out field study, In oaso, however, if your authority will over
again request the feanibility study to cover the remeining fouyr Awphuvs,
it is willing t¢ convey your requeut to our Goverament 16 allodate
necessary budget for the survey during this fiscal year 1973,

. in olosing, 1t is very much appreciated that MwWA gave up
sincore hoapitality end kindness during owr staying in Theiland, I
hope te see you again in near future when owxr Government will submit
the feswibiliiy roport foxr the separatn system,

Cordially yours,

acghihs Naito
Yice~Cheirman, the Japanese

Survey Teom for the Separate
- Syaten
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{9th Apiil 1973,
WATER RECONNAISSANCE FOR TIE SEPARATE SYSTEM

{1) Well Watce

in general speaking, it is conunonty knows that there are three water sources such as well, klong and river.

The possibility of ground water, in the past, has been hopetully expected in somewhere around northern paxd
of ‘Thonburl and Bangkok. Such possibility, however, had faded in Amphur Nong Khaem area as the resull of test
well done by yowr Autherity in last year, in addition, the well for water supply have abandoned by being turned
to brackish water in Amphur Sai Noi located al northmost aren of Great Bongkok in right bank of Chao Phya

river. And also at neighbouring Amphur Bang Bua Thong tocated in the south cast of Sai Noi, the klong waler has
been used instead of using ground water. At Amphur Bang Yai located In the south of Ampl Sai Noi and Bang
Buoa Thong, notwithstanding they are using well water for their walor supply, the waler quantity pamping up is so
small al present that such limited data can not make sie of continuous use for long pediod of time,

On the other hand, the Amplhurs located I the left bank of Chao Phya river are still using wells for their
water supply system. According (o the present situation and CDM report, it is inferable that a risk of salinity of
ground water will not be arisen within short period in future. At Amphur Nong Chek and Bang Phi, however,
salinity content is now increasing even it it keeps tower than maximum tolerate lovel as a potable water (sce also
attached sheet- | and 2), so that it is obvious warning sign for Fature use of ground water..

Therefore, at the right bank of Chao Phya river, due to the influence of over-punping of ground water, it is
considerably hopeless of underground water developmend as far as the Goverment use is concerned and also it
may be possibly said that Bang Yal will have a salinity damage in ground water sooner or Jater. On the contrary, il
Is obviously able to usc ground water for coming few years at the feft bank of Chao Phya river, but it is
considercd that {his circumstance might be fated some day as same as the one in the tight bank of Chao Phya
river,

I( is, sooser or later, inevitable to regulate the quantity of pumping up ground water by faw in the area of
Great Bangkok and ils environs, otherwise it might tepeat same troubles which have faced in Tokyo Metropolis
since few years ago. As you know, the reason ol prohibitting use of well is mainly to protect against ground
subsidence sinking so rapidly in Tokyo Metropolis, Jiven at Great Bangkok, as an example of the setilement of
the National Theater Buitding near the Tha Chang bridge reported in newspaper recently, it can be said that it is
the time now to consider the optimum capacity pumping up of ground water.

(2} Klong waler _

In case when it excludes the ground water from proposed sources for the project, the klong water is coming
up in use for water supply. The Klong which is the legacy of our great aficestors lins performed its functions
surved as agricultueal, navigational and human consumption. And it will be continuously utilized one of the
important factors controlling human-life in future. However, the quality of the Klong water will be contaminated
day after day according to applications of intelligence to human-iife and also its improvemenl.

It is understood from ihe resull of reconnaissance carried out by the Suivey Team, for example,
contaminated load at Klong Wattana already shows about 1.6 ppm of BOD value in average, and it means that
contamination of Klong water approaches nearty two times compared with Klong Phwapa which is the water
souree for the central systenn. It can be said that the BOD value, 1.6 ppm Is caused by human waste only along
" ihe Klong and no industrial water can be considered in this area, whercas another factors cxcepl BOD value of the
waler quality of the Klong have 1o particular problem jnwolved as shown on ihe attached sheet-}.

}t has been discussed for a long period of time how it should be the maximum tolerale value of contaminated
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load of raw water for a water supply syslcm. Bven though, it is very risky expression of using BOD valuo only for
the contaminated foad, BOD vatue for the Klong is to be 4 ppm as maximwum based on the experlonce of water
potlution which has been faced in Japan. 1t means that when BOD value exceeds 4 ppin, the Klong will loso its
optimum funetion as a souree For water supply. ‘
1t is understood that water treatment enginecting Is progressing day by day, and there is no fear From the
~ engineering point of view although BOD value cxcced‘: 4 ppm. However, as it requires considerable high cost for
- purifying water with such quality, it will cause unbalance between income and expenditure of public water
“works, it Is hard to say tliere is more possibility of use such contaminated }(long waler as a source in such case,
From such point of view mentioned above, when the BOD value of the Klong water will show nearly 4 ppm,
namely it shows about tvo thnes as much as 1.6 ppm showing at present, in another word, when the number of
inhabitants who are the major factor of the pollution of Klong increase twice as much as the number at preseid,
- the Klong will doubttully be counsidered us a source {or water supply, and it is assumed ta be reached to such
condition during the year betiveen 1990 and 2000 AD, il no indastry discharges its wasle,
It is, therefore, recommended that the Autharitics should establish suitable policy as soon as possible in
order to have nio more increasement of BOD value of the Klong. Meantime, it Is hioped that the Klong which is
going Lo be considered as a sowrce In the master plasn will be kept as good as possible.

(3) River wate

It has to turn our eyes toward river water as a source at the tine when the Klong can not be used for the
purpose due to having contamination or another reason like no issue of taking water from the Klang. As it is well
known, enly two rivers, Chao Phya river as well as Nakorn Chai Si river, can be cconomically considered for
surface water for intaké nearby Great Bangkok. And when it takes into consideralion in an emergency ¢ase and
the quantity of intake water from Chao Phya river such a big amount like 6 MCM per day in future for the

~centeal system, it is preferable to take waler from Nakom Chai Si river for the sepasate system, In general, itis an
inevitable factor 16 have at feast wo waler sources for the Great Bangkok and it nicans to be avolded such a case
that having only one waler sowrce.

The water from Nakorn Chai Si river should cover its seeviee only (he area in the right bank of Chiao Phya
tiver because of ils location, but (he intake seheme will cover on its service area where involves Amphiurs Noug
Khaee, Bang Yai, Bang Dua Thong and Sai Noi, or furthermore include municipal Thonburi if it is possible,
However, it should be realized that the raw water conveying system to serve only !hc area within the separate
system will be amounted to about USS6 M. )

It is very difficult project (o serve raw waler to the separaic system for the arca in the left bank of Chao Phya
river {Amphus Lat Krabang, Min Buri, Nong Clok, Bang Phli and Bang Bo). For example, if there is some
possibility of taking and conveying water from Klong Pheapa, the raw water supply warks will be required its cosl
amount {0 US$I3 M, and accordingly the unit construction cost per capital or per tominal capacity will increase
much higher than the usual rate, and this rate causes in trouble of finance Lo the water works,

However, the areas in the left bank of Chao Phya river, because of no alternative river for water source, musl
depend on either Klong Pheapa or Main river of Cliao Phya for its puspose, by all means, Thus, problem is so
complicated when it is censidered for the future.

It is said with greal interests, furthermore, the tendency of expansion at farge clties in the world is moving
toward cast, amd also this tendency is gradually recognized in several areas fan the Southeast Asia. } should be
noticed (he development plan such as 2 new airport project or industrial planning in Great Bangkok also shows
same (endency as well.
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) Conclusion
As a conclusion of the study wnccrmng waler reconnaissanco, it is lccommcndcd in this inlerim report as

follows, : E : -

~A) For the arca in ngln bank of Chao Phya river it Is preferable that no well is to be considored and the
Klong water is 1o be taken into consideration for the time being, and meantime to conw,y raw water from
Nakorn Chai Si to Amphur Nong Khaem as an alternative pan. '
B} For the area in left bank of Chao Pliya river, itis proposed 1o establish cmclgbncy progmm using gmund
water for coming few years ¢ and altemative plan fiom Klong will be considered in the master plan as a
provision for the year wheni 1o grousnd water witl be used. However, as no sludy other than Amphur Lat
Krabang for the aréa in left bank of Chao Phya river due to the time and budget limit, the expansion plan
served waler Lo cover all Amphurs in the left bank will be remained until thie next oceaslon of the survey.
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Chapter 2 General consideration and recommendation

2.1 Foreword

General consideration and rcscarchcs were mado from vafious angles concemiug the waterworks of Bangkok
‘Metiopolis and nclghhonng districts during the on-spol survey were cnrricd out for one ionth from March 21,
1973, They can be surnmadlzed in four major points as follows:

1. The slatus of the Scp'lmtc System in relation to the Central System,

2. Rchtions between emergency works and Iong term measures,

3, Measures for water sources. .

4. Independent '\qunlmg ofa wa!cr supply cnlcrprisc and the ﬁmncnl support by the Govenmlent.

The Central System, “controlled by MWWA since 1969, is gradually restoring its ancllon through
complicated prmcsses and steadily moving toward the goal of attaining higher efficiency. As for the Scp-lr':te
Systen, no specific measures excepting the formulation of the Mastor Plan have been taken, and the gap betiveen
the wo systems is widening further, causing unbalanced supply of water to the service areas. More than 5150

“miltion is needed to just restore the Contral System to the normal condition, and it is extremely difficult to
appropriate more funds for the Separate System, In B*mgkok and neighboting districts where urbanization is
progressing sapidly, construetion of water supp]y l'auhl:cs must be regarded as the civil minimum and carried oul
as soon as possible. To Mellitate the construction work, it is necessary to modify the original phn of the Separate
System properly so that the plan can become feasible technically and cconommlly

2.2 The status of the Sepamlc Systent In relation to the Central System

During the petiod between September 1971 and March {972 when Dr. Sachiho Naito condueted a
prclimm’uy survey of the Scp-lralc Systein, no allontion was given inside the mctropohs {o the idea of expanding
the water supply area of the Central System to include that of the Separate System or to the idea of supplying
part of the water of the Cenlral System (o the area of the Scmrale Sysfem. it was solely because of the easy on
way of thinking, as seen in the report of CDM, that waterworks of the Separate System could be constructed
casily and that water sources could be found whenever wells were driven. Faclng uncxpected troubles sucl as the
unsuccessflness in the underground waler reconnaissance in the Nong Khacm distriet canried out immediately
after the basic survey and Hie serious safty water pollation of well water in Amphur Sal Nol, the Separate Systen
plan had to be rescrulinized thoroughly from e view point of obtrining water sources, In other words, necessity
arose lo seek the pmslblllly of finding a simpler solution by supplying Hie water for the Separate System from
the Central System. 1t was almost impossible o satisly all the demand in the Separate System with the water
from the Central System, because the construction work in the Centeat Syslem were under way in accordance
with the originat schedule. Morcover, It was considercd to be cconomically impracticabte to supply water of the
Central System to distant districts of the Separate Systenn. For these reasons, we diseussed the feasibility of
supplying water (o Nong Khaen district situated close to the Thonbusi, To supply water to Amphur Mong Khaem
(the daily maxinnen conswmption in 2000 A.D. will be 40 000 1n® fd), the water treatment capacity for Nong
Khaem in the Central System (Bangken) muist, as a rule, be ralsed by anotlier 40,000 m*{d. According to the
design criterion for the Central Systera, the daily per-capital consumplios is set at 500 fiters, so that trealment
capacily has a considerable asgin. Therefore, no expansion plan ab Bangken is considered in the process of
furiher distribuiions. The Tha Plita Service Reservoir, the practical origin of water for Nong Khaem, was designed
a capacity of 40,000 ms®, If it stores 38,000 12 or 10 per cent of e total daily water demand of 380,000 m*/d,
it has a margin of 2,000 m?. If the storage capacity is required to increase of 4,000 m, cotresponding to the
water supply volume of 40,000 w?, the reservolr capacity falls short of the 1equired amount by 2,000 m® only.
‘Therefore, the problem s whether or not the reservoir capacily shall expand from 40,000 m* 1042,000 n® theo-
retically,



If a service reservoir will be constructed in Amphur Nong Khacwm, water pipos planned in the Thonburd shatl
be enlarged o convey additonal water of the maximum daily flow for Nong Khaem of 40,000 w® /d. For the
demand until 1975, the pipo dismeter witl not havo to be changed. No change is necessary in water supply pumps
“of the prosont plan which have q surplus buth in the pumping capacity and the bead. For the watersupply from
the Thonburi to Amphur Nong Khaem, new pipe Hue with the diameter of 350w shall be insn]lcd to meet the
demand in 1975 A.D, and pipe line of 700 mmn in diameter will bo necded in 2000 AD, _

Concerning the necessity of these changoes, the Suivoy Team submitted a tetler of inquiry as in the separate
sheet, which was in the name of the Vice Chaloman of the Surve)? Team and dated June 8, 1973, However, a
formal reply was not vecelved by the end of June, 1973 when the draft of report had becn cdmpiled. ‘Therefore,
final :élud}" ol this matter is not included in this repoit, and it will be reviewed in another reporl which will be
j)rcparccl ‘whenever required, '

2.3 Rehations between emergency works and long-tenn mensutes,

To establish concrele plans for each Ampliur, the lirst step was to predict the water demand in 2000 A.D.,
and thea draw oul a walcrworks:projcct corrcspondihg to the future demand and caleulate the c_:onsl'ruclion cost
on the basis of the envient unit price. As a ulo, the construction work wis designed to be carried out i thiee
stages, and duc consideration was taken so that emergency works to recover the nonnal condition preceded the
first-stage of the construction, : o

In the case of the watcrworks of this type, a large increase of waler clarge revenue eannot be expected
beeause the population will not Increase so much as the rise in the cost for new walter pipes. T he. firsl-stage of the
constiuction works was limited to Amphur Town and its viclnity where the population concentrated, and new
pipes were scheduled to be installed in the sccond él’igu and in the katter half of the third stage. Therefore, it inay
be posmblc that upon the completion of the fi rsl-sl::gc works, people will get water by sharing i CONMOs pr fn
some part of the region,
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8th June, 1973

Mz, Pracha Tunsiri

Assistant General Manager,
Metropolitan Water Works Authority,
Siyak Mansri, Sapan Dam, Bangkok
Thailand

Dear Mr, Pracha,

Foltowing with the final discussion on the date of 19th April, we have studied the possibility of using fiesh
water from Tha Phra Distribution Reservoir for the Amphur Nong Khaen,

It is known that CDM nade a master plan of water supply for the Thonburi through Tha Pha reservolr in
thc Central System, However, if we would lollow with the subject which is understood as the exlension of
distribution pipe from Centsal System to Nong Khaem, wo have to add the required water quantities (40,000
CMD 1n daity maximum) to be supplied for Nong Khacm onto the designed quantities made by CDM. Judging -
from these circtnmstm:ccs, followings are the result of our study to meet with our assignment for the subject.

(1) The owtput of the Bang Khaem purification plant has to be expanded for the demand of 40,000 CMD,
but we would e able to neglect this modification because we assume it has some allowance in the f) igure 500
I/d per capita,

(2) Wien it considers to extend the distribution pipe otiginally designed til} Amphur Nong Khaem from the

end of Thonbun, it iequlres to enlarge pipe size, distribution pump capacity and Tha Plira reservoic capacily

in order to cover the hourly maximum demand of Nong Khaen.

(3) Dlowever, if it considers that the daily maxhmm dentand s to be conveyed through original pipeline jn

addition to the howly maximuwin demand of Thonburd, new reservoir for Kong Khaem shall be constrteted

at Nong Khaem.

In any case, it is hardly te say “feasible® of the subjected plan unless otherwise to make some modifications
abovementioned for distribution pipe, pump capaclty and Tha Phea reservoir which are inade by CDM. Theretore,

you are kindly requested to advise us the followlng informations at your cathiest convenience.

1. Flow rate, velocity, pumplng head and hydraulic gradient through distribution pipe out going from Tha
Phra reservoir o the end of Thonburi arca, based on the CIM design.

2. Nuntber, capacity and type of the distribution pinps to be instalied at ‘Tha Phra reservoir, based on the
CDM design,

3. The possibility of a expansion of the Tha Phea rescrvoir and capacity increase of distribution puamps,

The followings are appendix of our caleulation resull based on existing data obtained.
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{} Modiflcation of piye diameler

AU 1975 AD, it can convoy water to Nong Khaem area without any modifications of pipe size, but it
requires only extenston of pipe of 350 mm in dia and 0.75 km in length from (he end ol original pipeline (o
Nong Khacm. But, tho pipe diameter shall be changed as shown on the table at 2000 AD when 40,000 CMD
is 10 bo conveyed from Tha Phra reservolr to Nong Khacm. ‘

Distance Original pipe din Modlﬁc(l dia
B7Skm | 1,000 mm b ! ,200 i
200km ' 800 mm ‘ 1,000 mm

2000 AD. 2,50 km 600 mm - 900 mm.
MO k- 400 i - ' 8OO i

85 km - . 700 nun*

* Extension of original pipe line for Nong Khaem

.2} Comment for Tha Phea reservoir

Original c'l]mcﬂy of reservoir - 40,000 ton

Net capacity, if be followed by 10% ol' dmiy 18.000 ot
maximum demand @3, 1

Allowance at 2040 AD 2,000 ton

Daily maximum demand for Nong Khaem is predicted 40,000 CMD, therclore, required reservoir
capacily is 10% of 40,000 CMD, L.e. 4,000 ton. IHence, a total required capacity of Tha Phra veservoir is
- 42,000 (38,000 + 4,000). Thercfore, a shortage of 2,000 ton of capacity Is found from our ealeulation,

' 3) Bspansion of pump

l ‘or couveymg of w.utcr lo Nong Khaem avea, it reqmrcs lo enlarge pumyp capacity or its number to mect
with addmunal (hsdmrgc 0[ 40,000 CMD, but originally designed pumping head is sufficient to cover that
purpose.

Awalting with yowr kind cooperation, | am, -

Cordially yours,

Sachiho Naito

Vice-Chairman,

Japancse Survey Team,

2nd Floor, Pacicon Build.

2, No. &, 2.Chome, Jingu-mae,
Shibuya-Ku, Tokyo, Japan
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24 Independent account for waterworks and financial support by the Government,

As for the construction cost needed for emergeney works and the fisst-stage works, a financial plan on the
independent accounting basis was contemplated. In this case, the water charge was assumed 3 bahts/m? revised
price from current rate, and the constniction expense was calculated on the condition that the loan for domestic
current portion be repaid In 35 years with the interest rte of 6 per cont alter a gfacc poriod of five yénrs and that

for foreign currency portion be redeemed in 25 years with the interest rate of 3,25 per cent after the same grace
period. I both cases, a balance of account cannol be expected before time passes (ar beyond 2000 A.D. The
problem is always faced I small scheme of the walerworks, particularly serious in the countryside whete the
popudation density is far below that of the wban arcas. The reality is unavoldable especiatly because the water
soured Is used commionly in the compreliensive watérworks project‘ Therefore, we reached the conclusion that
the independent accounting system relying on water charges cannot be materlalized unless about haif of the total
constraclion cost Is paid with tie natlonal support by the Govermment.

At present, the national support is appropriated for Instaitation and expansion oi‘ local waterworks m1nagcd
hy the Public Works Department, the Ministry of Interior, and waterworks bonds are not issued except in specilic
cases. Water chavge is unifled nationwide at 2 bahts/m®, and the income is mainly used to pay wages for workers
without following the princlple of the independent cost account, Eardier, the detaited design of the Chieng Mai
waterworks was completed with the grant base from the Japancse Government. Dircctor of the Public Works
Dcpanmcnl stated that the national support is used for domestic currency and there is no plan of issuing
waterworks bonds, We hope that, for the currcat project, too, a similar step be taken on the Govermuent basis.

2.5 Measures for waler sonrces

In the metropolitan region, 600,000 m*/d of underground water is pumped with existing facilitios and

200,000 m*/d will be pumped with new facilities now bcmg planned. The works for new deep wetls are also
* scheduled o the Central System, too.
. Chleride pollution caused by unconteolted pumping of undesgrownd water is worsening day after day, and
serious trouble may oceur to the condition of underground water in the entire metropelitan vegion uniess soe
restrictive measures aze taken. The new plan of the Scparate System is based on the use of undsiground water,
aml therelore, inability of liftlag underground water In Amphor Nong Khaem and chloride pollution in Amphur
Sai Nof are posing grave problems for the entire mclropo[mn region and for the Separate System as well, In this
situation, MWWA has conducted cxperiments by using a test well in Amphur Bang Bua Thong and Sai Noi in an
effort to find new possibilities of pumping up of water, However, it may not find new hopéful prospects even
shortly after the completion of this interim report,

Today, waler pumping is resiricted in many cities of the world which are situated on relatively flat fands
facing the sca. We must be prepared for the future situation in which water will, in & long ruts, have to be taken
{rom surface water instead of ondérground waler even if the use of the latter is possible in Ihe Separate System af
present.

Source of surface water can be found in Chao Phya River and Nakorn Chat Si River. However, the pan
cannol be put info practice due to problems rclated: with the scale and geographical position of the Separate
System. The application of the long-range national project to the waterworks construction is a lofty Ideal, but It
Is not necessarily practicable in the developing country which aie now confronted with & number of emergent
projects,

If the use of surface water of the two big rivers as the source of water {or the Separale System i disreparded,
the remaining possibility Is to wtitize Klongs which reticulate diroughout the metropolitan reglon. During the
current survey, elaborate analyses were made on Klong water quality, and wo reached the conclusion that Klong
wilor could be used for the Ume being as the water source if proper measures for waler pollution controf are
{aken,
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Tablo 2.1

3rd Stage_\‘h’ork

Urgent Work 15t Stage Work 2nd S(agc Work .
{To be completed | [To e completed Tofal
ISR S (LY £ B S 10 1) S _
Benefickarios to be ; ' " '
served (person) | 39,000 26,000 20,000 27,500 103,500
Water supply capacily ' ' o PRgY
(Paily max. m*/day) 10,000 10,000 10,000 10,000 40,000
Kind of souree klo"&ﬂ itan same as left “same as Jeft same as left
Coagulation o . :
Puslfication facilities | sedlmentation, - saing as left same as lefl same as lefl - -
fittration
Cosl of work : . o '
(1,000 B): 122,486 20,929 24431 29397 | 197,243
Part for domestic - - - :
| currency 40,353 3,936 9,010 9,544 64,843
Part for foreign 82,113 14,993 15 4?1 19,853 132,400
cugrency LS ! 42 183 32,
Table 2.2 _
Urgent Work Ist Stage Work 2nd Stage Work 3rd Stage Work
{To be completed | {To be completed | {(To be completed | (To be completed | Total
in 1975) in 1978) in 1984) in 1990)
Benefi faries | 5
sc:’;g(,“;;;;f;,-,;‘w 14,000 5,000 6,000 8,750 33,750
Water supply capacily ) .
(Daily max, m*fday) 10,000 10,000 10,000 10,000 40,000
: | , Combimlad use of
. , deep well and klong Phra Kha- klong Plua Kha-
Kind of souice Deep well Klong Piira Kha. nong nong -
nong
' ' : Cosagulation,
Purification faclities [ Only disinfection | sedimentation, Sante as left, Smme as left -
' filtration
Cost of work (1,600 1}) 3,270 29,149 11,152 10,342 53913
Part for domestic )
currency 1,672 10,445 6,249 3,444 21,810
Part for foselgn '
- eurrency 1,598 18,704 4,903 6,898 32,103
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2.6 Recommendation

The Jatest survey could not bilng about conclusive findings for all the nine Amphuss included in the Separate
System, but Jor the five Amphurs listed below, the foliowing waterworks plan can be recommended as a practical
’ )
ides: '

2.6.1 Amplaw Nong Khaen

Waterworks which will supply 40,000m3d of water in 2000 A.D. by using Klong Wattana as the waler source
is recomnended as the most practical project. In this case, a plan of taking purified water from the Ceniral
Systems s nol included. in other werds, when tie supply of puvified water from the Central System becomes
possihlc, compaiative studies will have to be made concerning thal program and then hereby recommended plan
of using the water of Klong Watiana, The outline of this plan is shown In Table 2.1.

2.62 Amphar Lat Krabang

Emergency works are suggested o rostore the normal condition by temporarily using 3,500 m* /d of existing
well water s ihe water source, and after the frst-stage work, waterworks utilizing Klong Phra Khanong as the
waler souree can be recommended as the mosl practical plan. The waterworks are outlined in Tablo 2.2.

263 Amphur Bang Bua Thong, Bang Yai and Sai Noi

Recommendable as the most suitable plaw is the reglonal waterworks which can supply the water of Klong
Om to three Amphurs on the right bank of Chao Phya River simultancously by using part of the existing
purification plant of Bang Bua Thong, The major reason for adepting this idea is because deep well water of
'Amplmr Sai Noi has become useless due to damage done by blackish waler, and also because the feasibility s very
low for the use of underground water in Amphur Bang Bua Thong and there already are waterworks utilizing

sucface water. The sutline of the regional supply plan is given in ‘Table 2.3.

Table 2.3
[ Urgent Work Ist Stage Work | 2ud Stage Work | 3rd Stage Work
(To be completed | (To be completed | (To be completed | (To be completed | Total
e WIOS) W0 1977) L wni9ss) | “mi992) |
ficiar

orved (oo be 15,000 9,000 1,000 15250 | 50,250

Water supply capacily

(Paily Mok, Jday) (3,000} 4,000 4,000 4,000 12,000

Ne:vly-c_slablishcd Newly-established
Kind of sowce ZT(‘; ol;ng :i,',:;:fr gillls);:ﬁ ; i:ic);ng klong Om klong Om -
water
Coagulation,

Purification fcitities sedbmentatlon, same as befy same as left same as lefi —

filiration _

Cost of work {1,000 1}) 12,991 42,397 18,428 16,792 90,608
Part for domestlc ) oy -
curresicy 9,731 13,008 11,882 7994 42,705
Pait for [oreign .
cutrency 3,260 29,299 6,546 8,798 47,903
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Chapier 3, Population prediction
| i

3.1 Existing dala

It is nwaningful to study existing duta prior {o the prediction of the population {0 be served, which is 4 basie
factor for thc new project. The preelsion of the population prediction would ingrease it it is done in couniparison
with the data presently available,

3.L1 Dataas 1971 from the City Planning Division Office of the City Clerk, Baugkok Municipality,

The population of the Bangkok metropolitan area in 2000 A.D. is estimated al 6.5 million. The i figure is
under-estimated, because the population is growing at an ainual rate of 5.1 per cent. by conclusion, the follomng
measures inust bo taken in order to keep the 2000°A.D, population below 6.5 million:

L. Economic development of othes muhicipalitics ontside Bangkok must be further promated so as to step
up the population outltow, o

2. Transportation incans musl be reorganized Lo offer more convenlence 1o the moving pooplé.

3. Regional dovelopment must be designated as a national policy, :

4. Aneffective family planning must be pul in force i the metropolitan area.

5. Land utitization and regional development must be promoted along major highways in the finger type
dircetions. _ _

6. Efforts are needed to et factory workers five around the newly developed plant sites.

7. Existing Klongs must be accompanicd by grecn arcas where ears can be packed,

8. Jis'necessiry to improve clean swater and sewage facilities, ulilize Klongs for drainnge of :.nnwaler and
facate waste treatment plants at separate sites (o prevent the water pollution,

Population density of various arcas is regulaled as follows:

N

FABLA 3,1 PRESENT AND FUTURE POPULATION OF AMPHUR TOWNS QUTSIBE 11t CENTRAL SYSTEM

Il‘esenl Aceq, Square Kilometers Estimated Poputation .
Total  Amiphur (1} an_rg_ﬁlﬂlsﬁi?) _______ Yem_QaZB(lOESJ Year 2513{2000)

Amphur Amphur Town  Total mn}lhm Ampher Town  Tolal Ampher W Town Total Amphur Awiphur T
{Phra Nokorn)
Minbiel: 151 2.0 89900 6600 t4400 20000 970046 50000
Nong Chok 288 0.8 $3600 4600 52400 15000 77000 Joso0
Lat Krabang 149 1.0 BOOED 55080 40,200 20000 65000 $6000¢
{Thonburi)
Nong Kl}sem T | 0.4 20600 3400 $1600 20000 52000 15000
{(Nonthaburi}
Heorig Lhua Thang ) g (] 82800 8800 543000 20000 88000 $0000
Houg Yal 92 1.7 30800 38¢0 43000 20400 63000 40000
Sof Ned 194 1o 27,200 1000 49609 16000 55000 15000
(Samut Prakan)
Bang Phil 208 1.0 60800 1eo0 82040 20000 t2go00 35000
Bang Bo 21 .0 &6100 4100 10060 15000 103000 25004
TOTAL Ls1 8 1241 33gd0¢0 43800 476000 66000 © 759000 05000

£} Sanitary District or Cansullant!s estimate. ‘The Atnphur Town area eetimales are somewhnt arbiirary,

In: the future, the aren of ¢ach Amphur Town fg expected 1o lnerease conslderably. See Chapier 12,
Sepatele Sysloma.

Prepared by CDM
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»

Rosidential areas

Hiph population density 300 personsfrai = 187,000 personsfkm?®

Medium population density 40 personsfrai = 25,000 peisonsfkm?

Low population density I persons/rai = 8,750 personsfkin?
Convnercial areas . E :

Central arca 50 porsonsfrai = 31,200 personsfkim?

Lnvirons -, G personsfrat = 3,750 pessonsfkmn?
lirdustrial areas ' 8,200 personsfkin?

3.1.2 Tiata based on the Master Plan of CDHM (1970}

According Lo the Master Plan of CDM, the 2000 A, population is estimaled at between 6,420,000 and
14,600,000, and after Twther calcwations, the pogmhlion of 9,920,000 is predicled (population density: 15,000
persons/km?), The population in the districts where water is supplied from. the Separaie System is set at 739,000
{1,513 km®, ;mpulalmn density 488 pcrsnnsikm’ J, and the total population of the urban area {Amphu lown) is
estinated at 305,000 (1.1 km?, population density 25,200).

For this estimation, the maximunt prediction values and the minitum prediction values for 1975, 1985 and
2000 AL, were calculated, and within this range, the probable value was decided. The calculation was dong in
anticipation of a population increase of geometyic progression which was predicted according to past population
slatistics, particularly the maximum and minimun values of annual population [-rowlh raies. Population

prediclion for varicus Amphurs is shown in Fig, 3.1,

3.2 Current prediction

The nine Amphurs which He around the Central System have different social strnctures. Amphur Nong
" Khaemt of Changwat Thonbuei featurcs a fast development as a farge résidential disirtet, while Amphur Sai Noi of
Nonthaburi has remained as a traditional agricultural region with houses tocated along Klongs, Amphur Lat
Krabang of Changwat Phra Nakhom is undergoing a drastic change from an agricaitural vegion to a modern fown
as the construction of a aniversity canpus and « new intermational airport is Jocated.
The same aethod. of population prediction for varied types of social strugtures would not necessarily
correspond to actual sttuations, Prediction mwst be made for cach Amphur separately by taking the population
nlovement and other specific factors into consideration,

3.2.1 Amphur Nong Khaem

(1) Prediction of the total population on the basis of papulation density

As for Tast-expanding satollite cities like Amphur Nong Khaem, the past population leugc is nol a factor
useful enough Lo predict future pnpuhuon. liacrcforc, we decided to predict a fature popufation movement in
accordance with the materials of other similar-lype municipalitics and changes of their population density.

Fig. 3.1 shows the population density of major Japancse cities and satellile cities, The population in
mammolh cities of Tokyo and Osaka has remained almost unchanged, with the population density standing at
15,000 personsfkm?®. On the otlter hand, the population of satellite cities around Tokyo and Osaky has increased
rapidly, Especially, notable increases ase marked in satellite cities around Osaka where the population density has
reached a saturation point. This is because more and more people are finding theis living places in suburban arcas,

Nong Khaem can be comparcd with Kawagucht and fehikawa in Tokyo area, the fast expandiog satellite
cities ncar Fokyo, Using the data of the past several years and the saturated population density of 13,000
personsikin?, the popula!mn was predicied with the logistic curve, Tis result s shown in Fig. 3.2, and the
prediction surve for anaguc]n City is catbed Type-1 and that for Ichikawa City Type-2.
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The past population movement of Amphwe Nong Khaem is shown below. U, 3.2 ilustrates the 1970

population density of 480 personsfkm?® {23,064 persons/48 km? which ks coordinated on Type-1 and Type-2

Curyes,

1965
1966
1967
1968.
1969
1970

16,969 persons
17,936 peisons
19,406 persons
20,780 persons
22,034 persons
23,069 persons

Fig. 3.3 shows the cstimated population of Fig. 3.2 which is illustrated on the same origin, and it can alsg be

showa as seen in Table 3.2,

Table 3.2 Presuption of Future Total Population

w32

e —
Type 1 Type 2
e e e s e i
Year Density of Total Density of Total
Population o Population ol
(PersonfKm?) Population (PersonfKm?) POPMM'O’_'
1970 . 480 23,064 480 23,064
1980 {,190 57,000 850 41,000
- —_ g ._1 e 4 e i e o A ——_— i ra L s
1990 2,580 124,000 1,500 72,000
2000 4,820 281,000 2,500 120,000
— VOO -
Table 3.3 Incrensing Rate of Fulure Population
Year Type 1 Typo 2
1970~19%0 9.5% . 6.0%
1980~1990 8.1% 5.8
L 1990~2000 G4 5.3
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Population increase rates of the two types are compared in Fig, 3.2 and Table 3.3, The Type-! increase s too
sharp, but the Type-2 {ncrease {s not march different from the increase wte of 5.1 per cont as meutloncd ind.ll
andd s relatively closer to the actual situation,

{2) Estimation of tho total pcpulmibn aceording to calewlation systems
_ To find the possibility of population estimation by means of the population density as shown in Table 3.2,
the {iture population was cstimated on the basis of the past popuhﬁon cltanges in accordance with: thrce
catculation systems: Power Punction System, Logistic Curve Syslcm and Geometric Increase System. They are
rcvcalod in Table 3.4, '

Table 34 Proswnplion of Future Population (Comparisoun)

Year Power Function o Logistlc Geomelrle Hiom ’i:nblc k] ]
Cut\rc Type (‘ urve Type l’rOgrcsslou lypc ([‘ype 2)
G | ames | wess | as0m | mgs
B 1_9';5 ....... N 3] 443" e ___.,..j_...:;.i_.g__[_l;__ﬂ... _7‘...._ﬁ“_:;lﬁé}; S S ~
1980 o w008 | 4 3,_‘;';8 7777777777 - ‘.-21266? Sl 4[02]6 777777 ﬁ
Cross | a900s | ssem | sse.d |
Cwee | ssam | maee | msa | mg0
| s | e | wesaw | wonas |
2000 78,102 138,238 145,893 120,000

‘The above results aee illusteated in Fig, 3.4, and the predicllon as shown in Table 3.2 can be regacded as being
reasonable. Taking the fast progress of house eonstruction inlo consideration, the values produced by means of
{he logistic cuive shown in Table 3.4 has been adopted in the way sltown in Table 3.5,

Table 3.5 Decision of {fuwture Total Population

1970 1975 1980 1985 | 1990 1995 2000

?’3 064 ‘2 00[) 44 000 _ 39 000 19 000 . 105 ODD 138 000

{3} Deelsion on the population to be served

Although Amphus Nong Khaem stlll has paddy fields and cultivated {and, the entire district has been
designated as a waler supply region in anticipation of the fact that the district will be modemized at an
accclerated tempo.

Northeast of the district, there are some arcas which nced water supply, Fhe population in these areas is uot
inchuded in that of Amphur Nong Khaem, and water supply will be studied separatoly, '

— 42



- 322 Other Amphues

() Prediction of e total population according lo calcutations _

The total population of the remalning cight Amphurs estimated on the basis of past statistics Is shown in
Flgs. 3.5 to 3.12, The medinm value of the estinated popubation s regarded as the estimated population to be
served, and it is shown with steaight lines, The values are also séon in Table 3.4,

"Fabte 3.6 Declsion of Fature Totat Population in 8 Amphurs

Anlphur

Lat kmbang

Bau Bm T lmng

——

B1llg Yai

SaiNot |

Min Bun

Nm\g Chnk

Bang Phli

B'mg o

-

33 700

28 ‘200

1980 1985
41400 | 47000
V00 ) 3am00
aesto | a0
00 | 9, _256"'_'
| sagoo | cos00
55800 | 63500
63700 | 66,100
61200 | 63,500

1990

66, (]00

1995

57 ’%00

Ta2,500
'iiei o |

2000

64 000

4(: SO0

_47 500

T30,500 |
82000
79000
T7apuo0

770,500

(2) Areas to be served : :
Mauy parts of the eight Amphiars other than Nong Klncm avg still cavered with paddy fields, cullivated kaod
and jungies, and 60 to 70 per cont of the total population sre concentiated in Anphuy Towsn and othiers ase
scattercd widely, It will be waeconomical unless waterworks are installed in and close 10 Amphur Town, Arsas to
be served must be decided according 1o the present pajtem of poputation distribution, and after that, the
popwlation to be scrved must be predicted.

ot

Areas to be served in each Amplnee are shown in each Figuiee and their sizes are listed In ‘Table 3.7,

Table 3.7 Water Supply Area of 8 Amphuis

Arphur

['Il Kmbdng

B‘nlg Bua 'l hOng

Bfmg Y'u

.Sm N0|

Min Bun

Nong Clmk
lhng, l’hh

B'mg 130

1

Water Supply Atea

(Kmi)
I8

v d3 .-

I

Remarks

Adjacent {o Ncw Au i’on

Wcll polhalcd hy sqlly watcr

I)cvelopmcnl o Rcssdcuthl Atca
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(3) Decision on the populatton of the ared to be served . _

Data are now available concerning the population of Amphur Town, Evenif the population density of each
Awmphur is caltculuted, it is not instrumentat beeause the value varies widely according to differcut Amphurs. 1f
the value {s depicted with a graded line caordinated to the ovigin of the predicted papulation curve of Fig, 3,12, it
appeacs like in Fig. 12, The line of each of the ¢ight Amplwrs reveal a specific charaeteristic,

For instance, in Amphue Lat Krabang, Min Buri and Nong Chok, the population inewease is sharp, and
population conceiation close to the degreo of that of Amphur Nong Khaem Is oxpected in these regions.
Amplur Bang Bua Thong and Bang Yai are the reglons which have developed along targe Klongs. However, roads
in these regions have not been propaily reorganized, and population concentration as in Amphar Lat Krabang and
Min Buri cannot be expecied, :

Other Amphurs are agricuitural areas and they will vemain. so wnless a moderized road network is
established.

With these facts in mind, the maximum population density in 2000 AD. is set in the same 2,500
pewsensfkin® as in Amphur Nong Khaeny and the minimwim density at £5,000 pesonsfkm? . Then the population
of the areas o be served in 2000 A.D. is cateulated as shown in Table 3.8. The population in cach year before
2000 A.D, was predicted by caleuialing back 1o the predicted population of 2000 A.D,

Table 3.8 Presumption of Population in Water Supply Area of § Amphurs

[ — 1 | Wa(cr.‘;upp;yMl)cnsily of

Amphur 1970 | 1975 | 1980 | 1985 | 1990 | 1995 | 2000 | Arca Population
{Kin?) (pusnnﬂ(m?)

CaKabong | 1507 [18202[ 23518 20,795 30072 30308 [asoo0| a5 | s
Bang Bua Thong | 9,406 111,773} 15,719 | 19,664 23,609 | 22,554 | 31,500 T e
wamgYai | ader| so3s)10ptel e | iz foogm ossw] 16 | wese
.‘mNui ! 130 -2,()!8 414 481! 6?(}? . ?601 9606 ﬁ76__ h “J:SOO
Minbus | 14750 17800 (23,000| 26200 33,000 | 38,700 [an000] 22 | 2000
NomgChok | 4564 | 7,000{11,000] 15000] 19,000| 2300027000 18 | tsee
CmangPMi | 5,044 | 7,000]10,100] 13200} 16,300] 19,400 22,500 15| 1500
BangBo | 4345 | s,s00| 7400] 9300 11,200( 13,000) 15000 a0 [ Tises
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Chapter 4 House Conncefion

4.1 House conncetion rate

Of the population in the areas to be served, as eateutated in Chapler 3,

supply ta households differs acconding to various conditions such as characters of municipalities, customs and
manners, and actual situation of houschold water consumiption. After all, the house comiectlon rate is expected
{o 1each a saturation point after the construction of watorworks s completed, Ilowcvcr, ‘the sataration pointin

this ease will mean 70 to 8O per cont, dnstead of 100 per cont,

In our survey, the house connettion rate in 1970 is sct at 60 per cont and that in 2000 AD. at 80 per cent.

The rate in cacl year is found in Table 4.1,

Jlable 4.1 Presunption of House Conngetion
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Chapter 5 Water demand

5.1 Daily mean consumption

To find mean consumplion, analyses were made on the total consumption in 17 mumupnliucs throughout
llnﬂand between 1959 and 1966. The dala aze in Table 5.1,

Table 5,1 Results of Quantity Consumed

’ !’rcsump!io_n of T T ] B

Name oi"Cily Popuiation 1959 | 1960 ) 1961 | 1962 | 1963 | 1964, | 1965 | 1966
SRR (NN N RN S I A e B

Kmllmmb'lcm 12,000 30 1. 32 27 28 28 pA 30 29
R T T A T R SR IR i e
Cswmabwi | 68,000 s2 | 83 | ot | st | s3| 66 | e4 | -
Ckeimt 0 ageoo | ae | 77 | - | e | ea [ iea | oo | v

- Rhichit ‘ - 28,000 — 39 ?O_ 71 96 S:i— 106 mlOd i —Ii)ft»
opattmi g | - e | st |02 | s T [0 | e

 PamiNikhom | 28000 | 60 | 66 | 46 | 47 | 34 | 46 | e | &7
© Photharam W']%Eob e | o s | T | e [ [ am
" Uthal Flani VR I R ™ R S S 5 I
Ratchaburi | 60000 | 86 | 6 | s8 | 130 56 | 137 00 | 215 ’
Chimgai | 28000 | se | so | a8 | 48 | 68 | & | o5 [T
| RTTY R T YT D TS
ChngMai _weo || e | s T s
"~ Nokorn Swwan R R T S T 72 B N TY N e P
vitbabog | 18000 | 94 | so | 70 | o8 | s | s | 78 | ios |
e | oaepo0 | < | ST S e T e T T
 SamwtSakhorn | 82,000 | - e e [ e e
— - .

Tables 5.2~5.9 show standard deviations in cach year. The data desciibed n terms of histogram are shown in

fig. 5.1 and Fig. 5.2, Regarding Vig, 5.1 and Iig. 5.2, it can be said that the mean water consumplion in increasing
cach year and the standard deviatlon is becoming larger. The increase of mean consimption is natural because of

the improvement of living conditions, but the growth of the standard deviation significs a growing gap of water

consumplion among musicipalities of different scales. In other words, water consumption differs in various

municipalitics, and a unificd value of consumption cannot be produced. Jn this respect, the amount of

consunption was decided by dividing municipatities into three groups: those with the population of less than
50,000 persons; between 50,000 and 100,000 persons; and more than 100,000 persons {as of 2000 A in
municipalities with Jess than $0,000 persons which is selected from Table 5.1, the mean value is calcutated by

omitting the upper and lower limits of cach year. As for 1959, 30 and 103 are omtted, and mean value of the
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Tabie 6-2

Table 5-3

Average

(1950)

et N | o
| per Bay (X1} :
{1/c/d)
krathumbaen 30 -29.6 876.16
Roi-Et 3 -23.6| 566,96 |n = 9
Rhfchit 39 20.6| 424,36 |m = HL
Savaburi 52 6| 16| = 596
Chiang Re 56 36| 12,96 | o o[ B
Panat-H1khom 60 40,4 06| <fLIEE
Phathalung - 74 4.8 20036 = 22.6
Ratchaburi 86 +26.4 | 696.96
Rhotharam 103 +43.4 | 1,883.56
''''''' : 536 - | an6n
Average . -

BT IE o) PR P e

e ey (G I

{1/c/d)

kv thunbaen 2 | a2 1,823.29 [n =15
Yals 8| 267 n2es (e =N
Utha$-Thant a0 | -25.7]  660.09| =747
Chiang-Rai 50 24,7 61009
Pha thalung 59 5.7 246,49 | o in’b—:“’)?
Ratchaburi 63 ~11.7 136.89 = 29,5
Pattani 65 -9.7 94,09
Panut-Nikhon 66 7| 7569
Phichft 70 47| 22.09
Photharam 77 42,3 5.29
fof-£t 77 2.3 5.2
Saraburi 83 8.3  es.80
Chizng-Mat A | 439,23 ] 1,544.49
Korat - s | 4503 | 2,530.00
NakornoSawan | Mz | +67.3 | 4,520.20
T 120 | - |13,065.38
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Table 54
Hame of ﬁzggﬁggtlon X
Muntcipality | per Capita  |*0 =D £y - m}? Remarks
e oy N
(1/¢/d)

¥rathymbaen 27 _ -36.11 1,303.21.]n =@
Panat-N{khom 46 A7 29231 Im ’i_x_
Chiang-Rai 48 2181|2280 | =63,
Ratchaburt | . 58 50| 2.0
Photharam 70 +6.9 47,61 |o f—(fl:j"lﬁ
Phathatung 70 6.9 47.61
PRichit 77 3.9 19321 ,i‘gg_?;;@:
Pattani 81 H2.9| 32041 =190
Sarabur §1 w1.9]  wem

| | oaseas

Tahle 5-b _ (1962
[w Average . | N )
Humfpg{ny §22"é§“§§§2” Yocal (X -m)? | Resarks
| per Doy () | S
{1/¢/4)

Krathumbaen 28 -63.8 | 4,070.44 | n = 16
Panat-Nikhom a7 | -aa8| 2,007,080 m = B
thiang-Ras a6 | -43.8| 1,918,448 =918
Uthai-Thani 55 -36.8 | 1,354.24 o
Chiang-Ha 68 | -23.8| ‘s66.48|0 :’ﬂiﬁﬁﬂ
Yala 72 -19.8 | 392,04 = 36.6
Saraburi 8 -10,8 116.64
Rot-Et 93 41,2 1.44
fhathalung 93 +1.2 1.44
Phichit 96 4,2 17.64
Hakorn-Sawan W7 +15,2 231,04
pattani Nz +20.2 1 408,04
Rathabur 130 +8.2 | 1,459,24
ez -Hin 140 8.2 | 2,323.24
Photharam 148 56,2 | 3,158.44
Korat 150 158.2 | 3,387,24
T e - a0

e d9



Table §-6 e ~ e
Nane of é;::ﬁgtion X
Numicipality | per Capita e )t Remarks
| | per Day (X4) ]
(1/crd)
Krathumbaen 28 -32.4 F,049.76 [n = 11
Panab-Nikhow | .34 -26.4 | 696,96 [m < B
Savaburt 53 74| sa76) - 60,8
Phichit 83 1 -7.4 54.76
e I e
Ratchabur 56 -4.4 19.36 | = 18.9
Swut-Sekhornl 61 +0.5 0.36
Chiang-Rai 68 ; 1.8 57.76 .
Photharan 76 15,6 | 243.36
Phathalung 86 +25.6 655,16
Roi-ti 93 | 432.6 | 1,062.75
T T ee "L—__:—_" 3,914.56
Table 5.7 (1954)
B -—"‘-\;81‘892 ) '
Muﬁ:??pggity 52?53?3?22" Xp - | (& - m)? Remarks
| me Oy OO s
{irefa) -
Yrathurbaen |- 27 -80.5 ) 6,480.25|n = 17
Panat-Hikhem 46 -61.5 { 3,762.25 | m =T
Yala 64 -43.51 1,892.25| = 1075
Sarabur{ 66 -5 1,722,385 e
Somot-Sakhorn| 67 | -40.5 [ 1,690.25 | o aﬂﬁiilﬁllﬁlf
Chiang-Hat 75 32,5 | 1,056.25) = 57.3
Photharam 79 -28.5 | 812,25
Lhiang-Rai 82 -25.5 650,25
Pha tha lung 88 -19.5 | 380.25
Rot-£4 104 -3.5 12.25
Phichit 106 -1.% 2.25
Uthai-Thani 122 14,5 | 210,25
Ratehabury 137 £19.5 1 380,25
Nakorn-Sawan 137 $9,5 | 380,25
Korat 160 52,5 | 2,756.25
Pattant 203 195,85 | 9,120,256
ta-Hin . 266 |+156.5 |24,492,25
R e

.50



Tablo 5-8 (1966)

] Average o
Murrgﬁpg{ity fsgﬁ“c?gm“ Xy = | (K - ;) Remarks
e perday N
(Werdy |
krathumbaen 29 -89.8 | 8,064.04 [n = 12
pattant 62 -66.6 | 3,226.24 {n = EX0
Panat-Nikhoa 67 518 | 2,683,24 | = 8.0
Samut-Sakhorn 69 -49.8 | 2,480,049 e
Phichit 106 | 148 | 21004 |o if-’f‘-!-’iﬂmﬁ:--‘!'-)f
Pha tha lung 108 2108 | 116,64 | = 65,1
Chiang-Ha i "3 -5.8 33.64
Roi-Et ne 4.8 23.04
Hakérn-Sawan 131 12,2 148,84
Yala 140 wre | 449,44
Rs tehabur i 215 496.2 | 9,256.44
Photharan 216 |+156.2 |24,087.04
g s | - soues.es |
Table 5-9 : (1965)
B —'—"—Average b . B o
I e FYR SRR [
_ per Day (¥} '
e R R )
Krathumbasn 30 3.7 | 543188 [a e 1t
Panut-HiXhom 61 2.7 | 1,823,29 |m x Bl
Saraburi ' 64 ~39,7 | 1,676,092 = 103.7
Samut-$akhorn 67 36,7 | 1,346.89 -
Phathalung 78 -25.7 | 660.40 lo .J.?i’f_:ﬁ_:_@lf
Chiang-Rat 98 -8.7 15,69 | = 53.0
Rof-Et 100 -3.2 13,69
Phichit 104 40,3 0.09
Photharam 142 38,3 | 1,466.69
pattan 200 96.3 | 9,273.69
Ratchabur 200 +96.3 | 9,273.69
Ty T 0,020 |
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1959

1960

1961

1862

Fﬁgﬂreii -1

59.6 1/c/d

~130 -110 -90 -70 -50 -30 -1

0

57 .

Min, Max.
48.3 V/e/d 711 1/¢/4
¢ [ " “l
T 1 T L] { ikl il - é BN D -__-I"‘ T — y
130 <110 -90 70 -50 =30 ~10 410 +30 +50 +70 +90 +110 +130
74,7 1/c/d
N -k
n Min. //////'5 Max.
t- 59.9 1/¢/d gééégg / 89.5 1/¢/d
2 - / Ak
_____ 7/ up ]
S IR 77 72 v I N
-130 ~110 -90 -70 -50 =30 =10 +10 +30 +50 470 +90 +110 +130
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6 _
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Figure 5 -2
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remaining five Ngures--—-36, 39, 60, Sl_‘) and 74--—is calc;alaictl,
(361394604156 +74)+5=53

When the rosuft is induccd into gencral formuia such as y =a/X+0 '!ccmding to the Least Squaw Method,
Table 5.10 is obiained, : :

Table 5.10 'l)aily Consumptiozi Mean Value Per Each Year

Year % | Y _X=:1Z)E_" : XB XY
1959 0 581 0 0 0
Cveso | 1| 62| 1o | 1 6200
""" o1 o2 | ezl wau | 2| srer
Civez2 | s | r2| sz | 8 | azat0
Cvees |4 | | zewe | Tazee
—19us47“5_ 84| 2.286 b 187,82
1966 6 88 | 2.449 | 6 | 215.51
1966 | 1 | o8| zets | 1| 26021
1967 ‘-.8 99 28?8 8 299,97
’l‘o"cal - 689 1 16,804 36 1858 .88

L DEXY - XXAY 99X 1,35888 ~ 16304X689

a'fuz'xa-z‘xzx T 9X36- (16304)¢
=171 say 17 |
b:sxujy___--zxzxyw 36X689 -16304X1,36888
n ¥Xt _-EXEX 9><36~(16304)z
=.=45.5 k say' 45

'l‘hus; = 17 X + 45 s llac baslc cqummn l‘or calculauon of lhc mean water constmption fn municipalitles
with less than 50 000 pers()ns and estimation of the feture demaid s made like in Table 5.11, ‘Fable 5.12 and
Fable $.13 Indicato the results obtained by applying similar caleulation methods to the cases of munielpalitics
-~ with the population belween 50 000 aid 100,000 and popu[allou of more than 100 000,
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Table 5.11 Demand Bstimate of Municipalities with less ilim;S0,000 Persons (Rfe.d)

Year
1970
1980

1990
2000

140
155

Amendment
. Value

Remarks

Basic Formula - -
PR VEVERE L

‘fablo 5.12 Demand Estimate of Municlpalitles with 50,080~100,000 Persons (¢fe.d)

Year X y Amf::lt:[:cm Remirks
1970 H 121 127 Bﬁslc Formula
1980 ot 143 140 y =17 6s
1990 31 159 153
2060 4 175 167

Table 5.43 Demand Estimate of Mnnlcipa.iilies with more ll.mn 100,000 Persons (!élé.d.)
Year X ¥ Am:;ﬁ?;em ' Renulir-ks
oo L on | w150 | bedoroman |
1980 21 168 167 y 1TV 90
1990 3 185 138
2000 41 200 200

5.2 Daily maximum consumpiion

Seasonal changes of daily maximum consumption must be taken into consideration for the designing of
water source, raw water main, purification plant and wafer transmission Hnes. The seasonal changes vary

according to municipalities of differen! seales.

Yery fow statistics are avaitable in Thaitand, but a survey was condueted for two years between 1969 and
1970 in Sri-Racha, sreund 100 kilometers east of Bangkok. According to the survey (describied in Table 5.14),
daity maximum consumption is larger than the daily mean cdnsmnpiion by about 20 per cont and larger than the
dajly minimum consumplion by about 50 per cont. It Is questionable. (o obtain the value of daily maximum
consumption out of these results, but this vatue is officially adopted on the ground that the Provisional Water
Supply Division of the Public Works Departiment, Misistry of Interior deeided several years g0 1o use the value
which is 50 per cent targer than the daily mean consumption. In relation to the daily mean consumption as stated

in 5.1, the daily maximum consumpifon is set like shown In Table 5.15.
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Pable 5.15 Paity Maximum Quandity Consumed (fc.d.)

Yoar Less than 50,600~10,000 " More lha_n
: 50,000 Porsoms . | - Pewsons .| 100,000 Porsons
) 1975 182.5° 190 225

1980 190 210 240

1990 205 230 270

2000 220 250 300 J

5.3 Hourly maximum consumption

Change of hourly consumption is an important faclor for the designing of Jistribution system. The ratio of
~ the howdy maximum consumpiion to the daily maximum consumgtion is high in small inlfnlcipaliiics and tow in
large municipalities, There ate few data abowt this problem in Thaitand, but according to the snwcy in Srl-Racha,
the consumption reaches the peak at 7 p.m. as shown in Table 5.16, and the vatue is 23 per cond larger than the

daily maximen censemption,

. Table 5.16 Hourly Variation of Water Constmption
{Mcan Value for Three Daysin Jan, 1971)

Time | Q mi/hr.) | Time | Q (m¥/hr.)

1 10.94 14 15.43

2 | 10.58 15 14.73

3 10,30 16 14.83

4 10,40 17 15.85

5 10,58 18 16.73

6§ 1 11.54 19 17,13

7 12.98 20 16,13

8 | 15.40 2 14.75

9 16.23 22 13.95
10 16.45 23 11.34

n 16.38 24 10. 66
12 16,33 Total 335,39
13 15,75 Average 13.97 ]

* ' I‘?.13ﬁ3,q7 = .23

It Is questionable to obtain the vatue of daily maximuny consumption out of these resuits, but this resull is
adopted because the Provisional Water Supply Division of the Public Works Department, Mindstry of infesior
decided several years ago to use the value which is SO per cent targer than the daily maximum consumption,
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Clmptcl 6 Master pi'm of watcrworks in Amphut Town

6.1 Amphur Nong Klmem

The Master Plan of watciworks in each Awphur is decided according (o the f‘mdmgs as reveated beiween
Chapler 3 and Chapter S. The plan for “Amphur Nong Khaem is outlined in Table 6.1 Water supply syslem lo
arcas sortheast of Amphur Nong Khaem are involved in this area to be served, '

The construction plan i in compliance with the increase of water demand (Table 6. 1) was decided as follows,
and the actual schedule is listed in Fig. 6.1

1. Emergency Program
Various tacilities for the daily maximum supply of 10,000 m? £ will be constructed in 1977,

2. Firstslage work
In I98! facilities for the supply of another 10,000 m* /d will be constructed (the total supply amount will
become 20,000 m? /d),

3. Sccond-stage work
To be constructed in 1990 are facilities which will incrcase the daily maximum supply by 10,000 m® fd {as a
Tesull, the totad supply amount will rise to 30,000 m? /d).

4. Third-stage work
To be eonstructed in 1995 ave facilitics which will increase the daily maximum supply by 10,000 m* /d (as a
vesult, the total supply amount will rise to 40,000 m 3 1)

Table 6.1 Basic Mlan for Nong Khacm Arca

[ s 1980 1985 1990 1995 2000
Population in Water Supply Area 32,000 | 44000 | sv000 | 79000 | 105000 | 138000
I (pcrson) * g ! ’ | e T
IIousc (,onnccllon (%) 62.5 . 650 615 70.0 72.5 750
Population to be served 20,000 | 28,600 | 39,825 | ss300 | 76,125 { 103,500
o Kperson) o T I )
Daity Maximum (®f¢.d.) 225 - 240 255 270 285 300
Dal[ Maximum --------- S e
y (e fday) 4,500 6,864 t0,155 14,931 25,695 | 31,050
Out of Nong Khacm Area (*::3 Ic d ) 500 1,136 3,845 5,069 6,305 8,950
Total 5000 | 8000 | 14000 | 10000 | 28000 [ 40000

6.2 Awphur Lat Keabang

The Master Plan for waterworks ie Amphur Lat Krabang is explained in 1'able 6.2. Based on the Master Plan,
construction plans were decided as follows:

L. Emcrgency propran
A rehabititation work will bo carried out o take 3,500 m® /d of waler from exlsting wells.

2, First-stage work
In 1978, (acilities whlch can increase the daily maximun supply by 2,500 m? /d will be construeted (In this

i §8 -



FIGUREG-1 BASIC PLAN {NONG KHAEM)
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case, the capacity of existing wells may decrease to 2,750 m? fd, and thus Hre total supply anount will be 5,250
m? /d).

3. Second-stage work

{n 1984, new facilities will be constiucted to Inercase the daity maxinum supply by another 2,500 m* /d
(existing wells will be disregarded due to capacity deerease, and thus the total supply amount will be 5,000
m* fd).

4. Third-stage work

_In 1990, the supply will be boosted by another 2,500 w? /d by constructing now facilities (1he total supply
amount will reach 7,500 m* Md).

6.3 Amplur Bang Bua Thoug

Table 6.3 shows the Master Plan of wateiworks for Amphuy Bang Bua Thong, Construction programs will be
explained in the section devoled to the regional waterworks plin covering Bang Yai and Sai Noi districts, '

Fable 6.2 Busic Plan for Lat Krabang Area

1915 1980 1985 1990 1995 2000

Population in Water Supply Arca
( person{

18,242 23,518 28,795 34,072 39,348 45,600

House Connection (%) 62.5 65.0 61.5 700 72.5 75.0

TPopulation to be served

HLA01 15,287 19,437 23,850 28,527 33,750

e Mperson) A IR Mt
1aily Maximuny (Rfc.d.) 182.5 190.0 197.5 20.5 2125 2200
Daily Maximum (.5 1,0 2,100 3,000 3,900 4,900 6,100 7,500
Table 6.3 Basie Plan for Bang Bua Thang Area
1975 1980 1985 1990 1995 2000
Population in Water Supply Arca .-
( perso.S 11,773 ,fs'?,lg _|9_6j4 &27:‘47,?09 27,554 | 31,500
House Consiection (%) 62.5 65.0 615 10.0 72.5 75.0
Population to be served 7358 | 10,217 | 13293 | 1652 | 19977 | 23625
- (person) N e e
Daily Maximum (?/c.d.). 182.5 190.0 197.5 205.0 2125 230.0
_uml)Aﬂil MH;;(_i.I]lllllI' 7 777777 e | o | aaen "“_‘: --------- e | <o |
Y (0 i) 1,400 2,000 2,700 3,_ 100 _:foo 51200 J

64 Amphur Bang Yai

The Master Plan is shown in Table 6,4 and construction programs will be explained in the section of the
tegional waler supply plan.
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FIGUREE-2 BASIC PLAN{LAT KRABANG)
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FIGURE 6 -3 BASIC PLAN
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Tablo 6.4 Basic Plan for Bang Yai Arca

s ety ey

1975 1980 . 1085 1990 1995 2000

Population in Water Sllppl"

(pérson 5,935 10,048 14,161 18,274 22,387 206,500

House Conncction (%) 62.5 65 0 615 700 12.5 75.0

Population to be served: 3,709 | 6,531 9559 | 12,792 | 16230 | 19875

{person)

Daily Mammum {Rfc.d.) 182.5 190.0 19715 205.0 21258 2200

Daily Maxinnem § ‘;u&)pt}}
m® doy)

700 1,300 I ,900' 2,700 3,500 4,400

6.5 Amphur Sai Noi -

The Master Plan is in Table 6,5 and construction prograns wil be detailed in the section of the rcgional
water supply plan, which will cover neighborlag Amphur Bang Bua Theng and Bang Yai.

Table 6.5 Basic Plan for Sai Noi fu-cn

t975 1980 1985 1990 1995 2000

Popuhllon in Wa(er Supply

2,018 a4 1811 6,207 1,604 9,000

House Conneclion (%) 62.5 650 G615 700 8 750
l’o[ﬁﬁ;i—on to bo served N N o | . ) - .
N ) N ”'9‘, ”47__ It R M

Daily Maximum (¢/e.d. )- 1825 190.0 197.5 205.0 2125 2200

B -“Dji;l;‘vhximum Suy )p] y
am ¥ fday)

300 500 700 900 1 300 ¢,500

6.6 Amphurs Bang Bua Thong, Bang Yal, and Sai Noi regional waterworks plan

For the reasons mentioned in Chapter 2, it was Found that the regional water supply plan is more
recommendable than separate water supply facilitics in 2000 A.D, for the three Amplirs of Bang Bua Thong, Bang
Yat and Sai Noi, This assumption gives rise to the Master Plan shown in Table 6.6. Accordingty, constzuction
programs weie arranged as follows, and the actual schedule is explained in Fig. 6.3

I, Umesgency program

New facililies will be constructed (o (ake 3,000 m*/d of water from existing waterworks and newdy driven
welis.

2. First-stage work .
In 1977, new 4,000 i0® fd facilitios will be built. Combined with the existing 2,000 m* fd waterworks, the

total capacity will rise to 6,000 m*/d (in this case, the wells newly built in the emergency program will not be
usedt more).
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3. Second-stage work
i 1985, new 4,000 m® fd facilities will be constructed, and original 2,000 m? /4 facllitics will be abolished.
As a rosult, acilities with the capacity of 8,000 m® {d will be operated,

4. Third-stage work
Facilities of 4,000 m* fd will be constructed in 1992, hoosting the tolal capacily 10 12,000 m® /d,

Table 6.6 Basic Plan for Bang Bua Thong, Bang Yat, Sai Noi Arca

1975 1980 1985 {1990 1995 2000
Population in Water Supply Area 19726 | 29181 38636 | 48090 | 57545 | 67.000
. . (]’)QISOHP 3 . 3 by ¥ ¥ ) »
House Connection (%) 62.5 65.0 675 | 700 72.8 75.0
Popuatlon to be served. 12,328 | 18967 | 26079 | 33663 | 41,921 | s02s0
{persom) 1. I R I
Daily Maximum (#/c.d.) 182.5 190.0 197.5 205.9 2125 2200
Daily Maximum o x| ann e
| | (i) 2400 | 3800 | s3o00 | 7000 | 9000 | 12,000

6.7 Amphur Min Buri
The Muster Plan is showa in Table 6.7 and Fig. 6.4,

Table 6.7 Basic Plan for Min Burl Arca

1975 1980 1985 1990 1995 2000
Population in Water Suppi)_r . N . RN

" B (pesson) 17,800 23,000 28,200 33400 38,700 44,000

House Conncction (%) 6.25 65.0 615 | 700 7.5 75.0
Poputation to be served. e N o N

. (peison) ‘1"1,125 14.’253 1 19,(3315‘ ----- 2 ?,380 ?8,058 33,000

Daily Maximum (&/c.d.) 1825 190.0 1975 2050 212.5 220.0
Dally Maximum [T ) i i N

¥y M (n® Jday) 2,100 2.900 3,800 4,800 6,000 7,300
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6.8 Amphur Nong Chok

The Master Plan is in Talbe

6.8 and Fig. 6.5

Table 6.8 Basic Plan for Nong Chok Arca

1975 I‘)Sﬂ 1985 1990 1995 2'00(;“—‘
"01’“""0“ i “’“'“E‘i‘:g‘g,’g 7000 | 11000 | 15000 | 19,000 | 23,000 | 27,000
————— ouse (,‘mu-\ccnon (%) 62,5 | :3;0 —g;s “700 l-'.’?“S _’75.;)—
Popultion (0 h—u*”)_fa;-? naso | 1025 | 13900 | 16675 | 20250
“ ﬁnlg.]y\m.m.m (¥fed) s | owoo | wrs | 2050 | mos | 2200
sy 0 | e | o0 | aaw | aeeo | aseo
6.9 Amphur Bang Phil
The Mastes Plan is in Table 6.9 and Fig. 6.6. |
Table 6.9 Basic Plan for Bang Phli Avca
. 1975 I980mm 1985 1990 ) 19958 2000
*Population i ‘V“‘ezli‘:g’{g’]’s 7000 | 10000 | 13200 | 16300 | 19400 | 22,500
 lowsComecton (8 | eas | 6so | s | w0 | ms | 50
l‘ovuhf'?5?'7555S°;I§'g;*sm'l)m"'“* a35 | 6ses | so0 | naro | 1ages | tesrs
* Daily Moxiomum (ted) Cww2s | w0 | a7 | a0se | 2i2s | 200
]‘3.;,.:y‘M‘M;I.;{.‘.;(""("t;“;’('m;')"'"" w00 | 100 | 10 | 2565""J 3000 | 380
6.10 Alil]?lltlr Bang Bo
The Master Plan is shown in Table 6.10 and Fig. 6.7,
Table 6.10 Basic Plan for Bang Bo Atea
o _"I_9757 1980 1985 1990 1995 2000
* Popolation in W““;I;'jc':;il)’]‘&' Acea 5500 | 7400 | 9300 | 11200 | 13,100 157005~
MoweComeetion @ | 625 | 6o | 15 | 100 | 795 | 750 |
popbtontoboservd T s | o | oo | s
baty Maximm @ed) | 1525 | 1900 | 1975 | 2050 | 21es | 2200
- Dy ] oo | s | e mob"J 2100 | 2500
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Chapter 7 Water reconnaissance

7.1 Chao Phya River

Chao Phya River will have a great significance as the souitee of water for the Separate System when wells and
Klong water beeomos useless. _ - '

iven in Chao Phya River, the pollution is worsening, According to the pollution swavey conducted in 1969
by the Ministry of Public Health, dissolved oxygen could not be found at all in the lower reaches beyond
Thonburi Bridge. For this veason, the river cannot be said as a stablo source of water supply, Efforts must be .
made in any way to maintain the wique character of Chao Phya as ‘Thailand’s biggesi river, Thero is no problem
concerning the quantity of water of the rlver, and the only thing to do is to cheek the back-water of saline .
content, Table 7.1 shows the data of the water quality 'snr"\'cy conducted along Chao Phya River in January 1973,
As Hhe source of clean witer, all the swivey items showed satisfactory results. However, pll Is Ju slightly acid side,
and some measuies are needed for the treatment of thie water. o ' ‘

Roso Gorden
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Regarding the sample which the survey team collected when it travelled by boat from Bang Yai to Chao Phya
River vis Klong Macnam Om, chlerides content was 7 ppny, and no serious pollntion was found (see No. 3 point
in Fig. 7.2} The waler o Chao Phya River con be considercd (o supply to four Auphurs of Bang Bua Thong,
Bang Yai, Sai Nof and Nong Kbaeny siluoted on the vight bank, Ktong Macnam Om scparates fiom the main
stream of Chao Phya River, and there ate no watergate and other faeilities. Therelore, the quality of its water
musl be neardy the same as that of Chao Pliya River. For supply of the river water to the right bank, No, 4 point
shown in Fig. 7.1 can be used as an inlake point. Data of (he water quality test conducted at No. 4 point are
Introduced in the separate paper, and they are satisfactory, On the left bank, the water can be supplicd to five
Amphuirs of Min Buri, Lat Krabang, Nen Chok, Bang Phli and Bang Bo. In view of theis geographieal location and
developiient of Amphues on the feft bank, no other means than the use of divided water froim Klong Prapa as far
as the susface water is concerned. The use of Klong Prapa as the water source haibors no problem beeause Klong
Prapa is alecacy being used as a water source for the Central System. The only problens is whether the water ean

be divided or not, in view of water quanlity.
i

7.2 Nukorn Chai Si River -

The siver gradient is mild, but it has sharp zig-zag paths. For Wkis reason, the damage by chloride emerpes asa
source of anxicly. Data concerning this study are few, but as shown in Fig, 7.2, 200 ppin of chlorides ion, which
is very close {o the peimissible leve! for deinking waler, was detected in an area 60 to 80 kilometers from the
estuary in 1970. 1t was also reporied that an abnonmalty high tatio of chloride ion was delected in 1968 (16,000
ppm at a site 60 kilometers from the estuary).

Tests conducted by the Japanese Survey Team are summarized in Tables 7.2 1o 7.5, The waler sample was
taken at the spots shown in Fig. 7.1, The ratio of chioride jon was low and damage by saline water was not
recognized.

Table 7.6 reveals the results of the water quality test conducted by MWWA. Unfortunately, the stivey on

chloride test conducted by MWWA. Unfortunately, fhe survey on chioride ion was nol satisfactory, and any
conclusive findings could not be produced. Genesally, it can be said that Nakoern Chat Si Wiver is usable if water is
tiken from areas more than 80 kilometers away from the cstuary, However, water analysis lasting at least for one
year must be condueted before Nakorn Chai St River can be desipnated as 1 waler sov.ce.
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7.3 Klong

Klongs which cover entire Thailand like a huge net have pkiycd_ an important role for the development of the
country. Today, however, Thatland is no exceplion as far as the problem ef pollution is concerned. 1t is now at a
time when the nse of Klongs must be restudicd from the stundpoint of water poliution control, '

In Fact, many peopie in Thailand are opposed 1o the use of Klong as a water souice, An elaborate sclentific
analysis is needed belore making the linal decision. ‘

(1) Water quality _ .

Results of the water qualily test are tecorded in Table 7.7 and Table 7.8, Water quality is alimost the same in
various Klongs, Turbidity is between 50 and 400 degreos and is more than 100 inmost places. The high tarbldity
seems to be the main characteristlc of Kiong water. It Is probably caused by high degrces of mcthyi oringe
alkalinity, pleoty of total solids, high hardness and & large quantity of iron which originaté in earth and rock.
Unlike the case which resolts from human pollution like organic substances, the waler may become usable if the
taibidity is successfully removed. The removal is rather casy with the present cliemical technology, aud theie are
no serjous problems at all for the use of Kiong as a waler source. o ' o ‘

Regarding alkatinity, phenolphtalein alkalinity was not deteeted, but a high contenl of niethy! orange
alkalinity was found. This can be considered as alkalinity caused by bicasbonate, This is attribuled to a spéeif‘;c
aature of soil. Water containing carbonle acid gas interets with carbonate in solt and produces caleinm and
magnesiunm. The analysls reveals that high dkalinity is the major reason for the high degree of turbidity,
Alkalinily is related with ateminum su!pi'mtc treatment of water. As shown in Table 1.9, tens gf‘ ppm of
aluminum sulphate is injecied inlo the water dug 1o the ligh turbldity and high atkalinity. At the sanie time, the
high alkatinity limits pll a1 a low level, Judging from a jar test, the most suitable dosing rate is about 90 ppm, but
considering residual turbidity and pll contsol by lime or soda ash, the dosing rate of 60 (o 70 ppm would be
aceepted. The satio, however, changes according to the change of water quality. Hardness Is about 100 ppi, and
it s mainly caused by bicarbonate hardness. Pree carbon dioxides is less than 20'ppm.'i‘hcsc are not harmful to
consumers of the water, From the amount of free COy, the density of crosive earbonic ackd is caleulated. In
Amphur Lat Krabang where the lagest amount of free CO, is found, the content is 10 ppm, while in Anmphur Sa
Noi, it is 4.6 ppm. Langerier index is always more than 1 in afl Klongs. Thus, the Kiong water has a lite erosive
action hut does not glve any hami (0 drinking purposes, as long as pH of purificd water is 'kcpl near the newiral
fevel. '

Table 7.9 Jar Test of Klong Water
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The content of chlorine ion in Bang Bo is 40 ppm which is higher than in any other Amphurs, This indicates
the fact that Amphus Bang Bo on the teft bank of Chao Phya is affected by sea-water, However, sulphate ion
1atio does not differ wuch from contents in other Amphuss, Thus it {s assumed that the effect of sca-waler, if
any, is not a serjous problem, and water potlution may be caused by some other faetors, 1t is hard 10 understand
why sulphaie fon was detected in Amphur Bang Yai, Some aceidents ocevrred during the fnspection work, The
chloride iron content near Amphur Bang Yai was 7.0 mg/l.

tron Is responsible for reddish water and odor amd causes jron bacteria (o propagate. In doinking water, the
fron content must be tess than 0.3 ppm. Klong waler contains | 1o § ppma ol fron, but it-is incheded in Lurbid
substances, and high tusbidity glves sise to the high content of fron, The analysis of iron, shown in Table 7.7 and
1.8, was made on {otal iron which was produced by extracting iron from the sample contalning turbid substonces
with hydrochloric acid. This Is why plenty of iron was found in tuebid substances. The content of tolal fron
found In the water with (urbidity of over 100 ppmis 1 1o 5 ppan, and this is found commonly, The fact means
that il Klong water s treated with Ure coagulation and sedimentation method and twrbid substances are removed,
tie amount of lron eventually decreases. However, ferous fron was not measured, and fo paddy Nelds, there was
1 rek-hrown m]ony appqnontly cansed by Crenothrix (without a microscapic test, the nanie of the organism was
nol identified). Yor these reasons, it would be necessary to analyze {ervous ifon or {otal jron obtained after
ceagutation, sedimentation or filtration, .

Munganese coexists with iton in nany cases, and they have simitar chemical behaviors, but the amount of
manganese is smalter than that of fron. Lven » minute amounl of nanganese becomes a cause of black water, and
therefore, il must be timited below 0.05 ppm, Otherwise, some specific measures must be taken Lo remove it. In
Klong water, It usually (s less than 0.5 ppin. Compared with others, Klong Tawee Wattaua has niuch MRRgancse,
But it can be removed in the proeess of coagulation, sedlimentation and filtration.

Oxygen consumption, nitrogenous compound and phosphate concentration are much larger and higher than
those of clean suiface water. This means the fact that the waler has too large pollution foad to be Hie source of
water supply. According o environment surveys, the twrbidity Is apparesily eaused by human excrcta, Besides
the fuct that the water is conlaminated by organic compounds, there is a fear (hat it may cause conlageous
diseases of digoslic organs, and severe precautionary measures are needed. This is not a very difficoll problem (o
solve. Usual putificatios provess and chlorimation will be geod enough. Ger test was omitted in the latest
survey. To provent geron cantaniination, pre-chlorination treatment is advised.

Because of the above-mentioned facks, Klong conld be used as tlie source of water anly after successful
solution of two problems: enoval of turbid substances by means of coagulation, sedimentation and filtration;
and complete by chlovinatton. Therefore, Klong water tested at any sites were found to be usable if It is treated
properly,

(2) Inquiries conceraing water twibidity

As stated above, Klong can be used as the sousce of water, but its lurbidity is considerably high because
Klong is closely rehated with people’s daily aclivities. As the population increase and life pattern is niore
diversified, the wirbidity of Klong water wilt piobably worsen. As a result, there may be unknown hasmful
compounds in the water. Besides this, deoxygenation by organic compounds will become more prominent,
bringhng consumers to an anaerobie siate. In that casg, Klong watee will 1o longer be usable and will become a
setlous environmental problem, According (o the survey on the water of Chao Phya River which was condueted
by the Minlstry of Public Uealth in 1969, the water was found to be seriously contaminated, and no dissolved
oxygen was (ound In the tower reaches beyond Thonburi Bridge. The Ministry’s report emphasized that
preventive measures must be put into practice immediately. The results of surveys carried oul between 1965 and
1966 revealed thal coliform b'l(:!(}'li‘l InKlong water was 20 x 10* ~ 140 x IO’IIOOmL
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It is net sure whether Klong water will remain vsable i the futuse, Klong In suburban area, atong which
there are some living houses, is In better conditions than other Klong running through Bangkok, but prediction of
water quality change and antipollution: measures are tmlismnsablo {or the procurement of waler sourees and
maintenance of sanitary environment.

Sinee the latest survey was not intended lo check waler palhmon there are not enough data (hat can be
ulilized for elaborate studies. However, relations between water quality and polution load can be analyzed on the

basis of the results of BOD tests and on- spot investigation,

As far as pollution is concerned, all Klongs around Bmlgkok are in the same situation, and the data about one
Klong can alsa be applicd to others, The foliowlng are the results of DO and BOD analyses conducted in Klong

Tawee Waitana of Amphur Nong Khaem. The BOD value of Klong in Amphur Lat Krabang was 2.0 ppi.

Withouwt piecise data abont water flow, poputation, the number of livestock and poliution toad unit,

prediction must be made from a hypothetical angte. Suppose & 20-meter-wide and 24ncler- deep Klong is
‘accompanicd on ils both banks by living houses, each bcmg 20 meters wide and ]mving an averago population of
six- persons, In tess congested arcas, houses are separated ffom each other by more than 20 meters. Taking
livestock Into consiceration, their viddual distance would be equivalent {o about 20 meters, Pollution load ugit is
I3 g/eapita-day in terms of night soil, and BOD load is set at 26 gfeapita-day. Then, BOD load for Klong per one
day can be described as 0, 78 ppm in terms of density.

(26 X6 x2) + 400 = 0.78

The area between A spol and I spot of Klong is divided into six blocks, 1f the water in one block is replaced
once per day (i.c. rate of flow 1S ki + 6= 2.5 kin/d), C spol is in the ifth spot and D spot in the sixth, Deerease
of BOD is gcm:raily described with 1hc following linear reaction formula:

L=Ly 10-K;t
Here, L : B()l)al‘lcrtdays

Lo: BODof(=0
K1 deoxygenation constanl

Precise deoxypenation constant must be obtained in sciontific cxpcrlmcnls but hereby, the uvarage value is
set at 0.1 at 20°C.
With the following formula, K, value at 33°¢ is found to be 0,18,
‘Kir = Ky_gg {1.0477-20)
=01 (1.04733-20)= 0,18
Since the load of population in the n-th block and He load of upper reaches are added 1o BOD in the n-th
block, BOD at the edge of tie n-th can be estimated from the following formula,
Ly= LU0 K04 10 ~2Ky 1 4100 DKy 4 10-1Ky)
Here, L@ Pollution load (0.78 ppnr/d)
Ln: BOD in the n-th block
n : Number of block
When L = 0.78 and K, = 0.18 are coordinated into ihe above formula, BOD at € spot and b spot are found
to be 1.3 and LA ppm respectively. As a matter of fact, population distribution is uneven, and it is particularly

rough in the arez between € spot and D spot. As there are nany unccetlain factors, the above estimaied value s
not mitch different from the real value, and it is assumed that the above data are repeesenling the realistic
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situation, As seen in-the above formula, Lu doés not grow nfinitely cven if o Is oxpmldcd to maxinum, and
therofose, Ly remains smaller than 2 ppm, In this respect, the estimated value of Ln'can be obtained without
ostablishirig hypotheileal block like above, A certaint extont of watér flow was recognired, and atleast 2.5 km/d
was considered, In still waler areas, if total nllrogcn constitutes 0.3 ppm, and totat phosphorus over 0015 ppm,
aun entrophicw[:on phcnonwnon oceurs, causing iho development of plculy of algae, 1n Klong of Amphur lat
Kmb'mg, total nitrogon was 6.3 mg/t and total phosphate 0,65 mgfl, hrgely cxcccdmg the level of cutrophication.
However, occurtence of algae was not obscrved. This means (hat the apparcully slationaty water, oleong is
tioving at a certain spced and rephacentent of water was eonfirmed. Aucordmg {o lhe cxperlcnccs in Japan, the
maximum BOD value is set at 4 ppm, and then: .

4 ppm =Lx1.787
L2452 (
l)"lily polluhon lm(l of 2 ppm in terms of density is |)cﬁlllS‘%lbe if the pollution load unit is st at 26
gleapita- (hy, then the popuhtmn concspondmg to 2 ppm is 31 persons.

(26xx) 400m =2 , Lx =3 _
IF the Hving pattern does not changé and the pollution toad unit remains the same;
31 +12=25
. About 2.5 times or, for safety, 2 hmes can be said as the lnm( of population increase in.the light of the
proleetion of water sources or Klongs. o .
If BOD of Klong water biccomes 4 ppm, BOD load in downstream is ';ssumed at zero. With the length of time

spent for dissolved oxygen to be redueed fo the mininum and with he oxygen saturation level, the deficit
amount is caleulated as follows. In this case, oxygen deficit at a spot with 4 ppm of BOD) is set at 3 ppm.

:____I(_Ll:__ ~Kit . 1n~Kat Jn-Kat
D K,-—K,(w 1 10 2)+Dn 10 "2

licre, D Oxygcn saturation deficit
K, @ DeoXygenation cons(., 0,18
Ky @ Reacration const., 0.12
Ba : Oxygen saturation deficit at polnt of t = (Say 3 ppm)

Kj b
If K, T and dissolved oxygen is reduced to the minimum, and if s te,

sl — log I‘[I---(f-.;) .-m]

By inserling 1. = 4 iutc the abovc f‘omwh tis found that t¢ = 1.3 days, When t = 1.3, it is gained that D =
3.5 ppm. This caleulation reveals that if BOD is limited to loss than 4 ppm and if there is no BOP load in
(Iownstrcam the quality of water in lower reaches can be maintained on the same leved as today,

To kcep the BOD load lmlt at 4 ppm, population increase rate must be kept at below 2 (hmes. However, the
prosperily of Anmphur naturally causes popuhtion fnerease, and when the living standard Improves, pollution load
Hses {"urthcr. Along with the diffusion of watcrwmks effective measures for waste disposal must be cslabhshcd
Necessity is also kccnty felt for claborate’ pol[u!lcm studies,
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7.4 Undergrownd water

Varions typos of rescarches have been cmlducted on undergrotind water in and around the melropolitan
Bangkok, and a constdcrable wmmber of reports have been prepared. The “Ground Water Rcsources of the
Bangkok Metropotitan Area” which was ¢omp:lcd by CDM in 1969 is Iugh]y evaluated s an cpnlome of a varety
of documents produced in the past,.

Jor the drafting of the new watérworks plan, researches should have been niade on the subjects thal wore not

taken wp in the report. Due o excessive consumption of deep well water, infiltration of sca-water was recognwcd _
and areas in such a sliualion were expanding toward the north.

At present, there are more than 1,000 deep wells i and arotnd the metropolitan tllstrict 'md a tu(dl ol‘
600,000 w*/d of deop well water is being taken up, According (o a new plan, 200,000 w®/d or more will bo
consumed in the (ufure. Umlerground waler Is takcn from aquifer, { 85 10200 moters deep, and most of it is from
aquifer about 150 meters deep. In southcm areas of the mclropuiis, sea-water infiltration inta 150-meter-deep
aquifer is confirmed, as shown in Fig. 7.3, but in norlhcm*ucas ihcinﬁlhatlmns not obseited.

Generally, six aquifers cxist to the depth of 200 meters. Rock ]ayers seem 1o be moro than 500 michers deop.
Detentlon water tends to infilteate up and down, I stowly, and water is not necessarily lifted from stable aquifer.

The 1,000 deep wells are scattered over an area of 450 km?. If deplh of aquifer is estimated at 10 m (if
-porosity is 20 per cent), the storage capacily must be about 9 x 10® m?, The lifting volume of abont 800 ,000
m? fday (2.92 x 108 n? Jyear) is too much lasger than the storage capacity, and this may be ¢onsidered as a maln
reason for the expansion of infiltration to the north,

In Amphur Sai Nol where wates Ilftmg continued until the year before last, deep wells becanmie wseloss due to
chioride pollution, appareitly dug (6 the excessive lifting of underground water, '

Ta fest the feasibility of using deop wells, MWWA dug an experimental well to the depih of 1,550 ft, In
Ampliur Nong Khagin, and as a result, Fug 74 was produced. From the amlysis of samples taken from five
aquilers, il was found th1l a shallow anul‘cr and three other decper ones were evidently affected by the
inftration of sca-water, Chloudc fon accounting for 90 ppm was détected in aquifers between 1,550 and 1,565
it {Table 7.10~7, 14). The content is lower (hnn tolerale level of diliking water but does not atlow long-thme usc
of the water. For referonce, the comments given by Thal Rock Produicts, Co. which tcsted e experimental wel]
are introdueed in a separato sheet, '
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THAI ROCE-PRODUCTS COMPANY LTD,

ATBOCAYEVRIAD O BONS, 1HG .+ CAKLAND, CALIFORNIA
QUFGE A CLANT L WHE PIBUL BONOKRAM ROAD, AMPUN DUNY, RANGKOK,

October 6, 1872

Research Divigion
Motropolitan Watet Works Authority
Bangkok :

Attn: Khun Chuanpit,

- Comments on Water Analyses

We have now recelved the analyses from the Department of
Sclence of the wator samples obtatned from the test well at Nong
Kham,

These are generally disappointing except for the test taken
on the deepest aquifer, This formatlon appeared unimpressive on
the electiic log but has in fact yielded water almost of drinking qua-
Hty. The two undesirable elements are high turblidity and fron content
but I suspect that these would be much lower if the water had been
produced from the same formation in a production well. Water samples
taken by the atr lift method generally have a higher turbidity than
normal and high iron content Is relatively cheap to threat. This for-
mation does not show a high porosity on the electric log or much
thicknoess, however, a number of smaller sands in the same vicinity
appear as if they may be inter-connected, These sands may give a
reasonable supply of water as the formation pressure is quite high,
(static water loevel measured after water sampling was 20'3*), No
roliable predictions can be made regarding the specific capaclty of
this formation on the basls of the airlift tast, However, it was observed
that the formation hegan to pump easily and pumped at the maximum at
which the 20/2" x 3/4" airlift is officiently capable, approximately
30 gallonsg per minute,

1 foel that conslderatlon should be given to constructing a
small diameter test production well (8% or 6"} to produce from these

sands helow 1500 feet to determine aquifer characteristics in a controlled
pumping tost.

Yours sincerely,

L. R, Bird
Supervisor
Wator Systoms Div,
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Report on Drilling and Testing of Metropolitan
Water Works Authority Test Well at Nongkham

Drilling was commencod on June 21, 1972 with a direct cir~
culation Winterwelss "Portadeill” Model 522, 50 feet of 10" swiface
conductor pipe was cemented in hefore dellling continued with a
7 5/8" bit, Dillling progressed without incident to a depth of 980
feet when a cone was lost off the rock bit which stuck the pipe in
the hole, This was successfully fished from the hole and drilling
continued to a depth of a 1,538 feet, The plpe ayain bocame stuck
at this depth and while attempting to pull this froe, the drill stem
- parted at a depth of 110 feet below ground level,

" The rig wag then moved over 820 feet and a new hole commanced.
While drilling this hole some trouble was experienced with the sutface
tlays caving causing ground subsidence but this was remedied by running
120 feet of 8" surfacé casing in the hole. Drilling wag thon continued
to a total depth-of 1,590 feot. The pipes wera then removed from the |
hole and electiic and gamma ray logs run in the well. From these
logs, five zones of potential intercst were selected for tasting,. The
intervals tested were 214 -229', 325-340', 660-675;1, 000-1, 015;
l 550-1, 565' :

Testing was carried out by backftlling to just below the 1nterval
to be tosted with dust stone and then placing a clay seal on top this,
The 2 7/8" tubing used for testing was then run in the hole with 15 feet
of performations set at the zone to be tested, the annular space between
the slotted pipo and the hole wasg then filled with gravel, A clay and
dust stone seal was then placed on top of the gravel pack to prevent
water belng drawn from aquifers higher up in the hole, An airlift pump
was then placed in the tubing which pumped water which flowed from
- the formation in the lmmediate vicinity of the slotted pipe. It was ob- .

served that all formations tested in this well flowed freely without the
nced of any stimulation or development. Water produced during the test
was pumpoed till it was clean and clear before a sample was taken, the
‘average pumping timo being 6 hours, After the sample had been taken
and the pump stopped, the water level waa allowed to recover inside

~ the tubing for not less than 6 hours before a measurement was made of
the static water lovel. After this the tubing was pulled out and the hoie
“hackfilled to tho next higher lntewal to be teated and then the same
pxocedure followed,

. When all tosting was complete&. the hole was hackfilled to
- surface and the site restored to its orlginal condition,

2104
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Chapter 8 Comparative study

8.1 Basic concept of comprelensive waterworks plan for raw water supply

The use of underground water in big municipalitles was possible in fhe initial stage, but the sitvation usually
worsens gradually, This trénd is particularly notable in the metropolitan Bangkok distilet, Underground water
consumplion will most probably Lo restricted severely in Hie noar future whon theé prebléms of sea-water
infiltration and sinking of the ground come to the fore.

On the other hand, there are growing doubts on the permanent use of Klong water which is also being
alfected by the pollution, At a time when the use of underground water and Klong walcr'is_given up in the
{uture, we will have o dcpcnd upon large rivers as the source of \_vntér supply. This is slmilar to the situation for
the Central System which must rely on Chao Phya River. Because of the fact that the metropolitan Bangkok is

Intake Spot at Klong Wattana

fast expanding to become Greater Bangkok, it would be advisabie to find water sources in Chao Phya River and
Makorn Chai S River. 1€ g0, the water of Nakorn Chai Si River is supplied to the right bank of Chao Phya River,
and the water of Chao Phya River to arens on the left bank.

IF warer sources are found in distant areas, the water supply plan must be a comprehensive one, If indicalions
are that by the time the comprehensive water supply plan materializes, water supply facilities may be constructed
in each Amphur, Tor this ‘reason, [l would be reasonable if the comprehensive water supply facilities are designed
for the supply of mw water,

{1} Raw water supply comprehensive system o the tight bank of Chao Phya River

Tobe-served aveas on the right bank of Chao Phya River are Amphurs Nong Khaers, Bang Yai, Banp Bua
Thoung and Sai Noi, and Cliae Phya River and Nakorn Chai §i River are regarded as the water soucce, In view of
the fact that the Central System depends on Chao Phya River and the comprchensive water supply facilitics on
the ieft bank of Chao Phya River are operated with the water of Chao Phya River, tho comprehensive walerworks
oit the right bank of Chao Phya must rely on Nakorn Chai Si River,

As stated above, Nakorn Chai 81 River is a tidal river, and therefore, the position ol the water source ntust be
located more than 80 kw from the cstuary. Water musit be sent 0 cach Amphur by utilizing roads {including
planned roads) as muech as possible. Most of the arcas to be served are flal, and therefore, reasonable values must
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be produced by making a comperalive designing in accordance with the relations between the Hft of dilving
pumps and friction of pipes. In the comparative designing, analyses were made on construction and maintenance
costs, and the following figures were found to be most feasibte:

Daily max. demand

Nong Khaem 40,000 m?/day
Bang Bua Thong 5,200 m?*fday
Bang Ya 1,500 m?/day
Sai Noi 1,500 m*/day
Total 51,100 m®fday
Raw water demand 60,000 m? /day
Water source facilitles Omitted
Purping facilities Omnilted

Raw water pumps  $350X13.9m? fmin. X44mX 141 KWX4 Units

Booster pumps $200X3.19m° fmin. X4 ImX35KWX 4 Units

Booster pumps $200%2.8410° fmin. X48mX 34K WX 3 Unlts

Booster pumps 150X 1.3 1m3 finin. XTEmX2TKWH2 Units
Raw water maln

Ductite cast iron pipes ¢800mm  £=13,200m
Ductile cast lron pipes @450mm 2= 12,200m
Duciife cast lron pipes ¢350mm = 9,400m
Ductile cast iron plpes #$200mm R = 14,600m
listimation of constraction cosl

Pipe material 52,330,0008

BEarthworks 2,010,000R

Pipe-daying 550,0008

Puinps 1,450,0008 (ncluding pump-houss)
Tolal 56,340,000B

Data of water source, Jand to be used, aqueduct and Inverted siphon nre excluded.
{2) Raw water supply comprehensive plan on the feft bank of Chao QPhya River

Arcas to be served on the left bank of Chao Phya River are five Amphurs of Lat Krabang, Min Buri, Bang Bo,
Bang Phli and Nong Chok. Chao Phya River Is the only river conceivable as the water source. The problem is
whether water is token from the matn stream of Chao Plya River or from Klong Plrapa (a conveyance duct for
the Centrat System which is divided from Chao Phya River).

Klong Phrapa is in a conventent geographical position for the supply of water to the left bank of Chao Phya
River, but its water Intake capacity must be checked beforehand, However, there is no doubt on the capacity
because only 30,000 m? /d of water Is supplied to the left bank of Chao Phya River *

Chloride content is not a troublesome problent for te intake of water from Klong Phrapa, The only thing
that must be done is to designate the point of water Intake so tha!'pipcs can be properly installed under the
roads,
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Dadly max. demand
Lat Krab:ing
Min Buri
Bang Bo
Bang Phit
Nong Chok
Total

Raw water demand
Water sourct faclities
Pumping faclfities
Raw waléy pumps
Booster pumps
Rooster pumps
Booster pumps
Raw water main

Ductile cast fron pipes -

Ductile cast iron pipes
Ductile cast iron pipes
Duetile cast iron pipes
Buetile cast fron pipes

7,500 m*/day
7,300 mr*fday

2,500 % fday

3,860 m*/day
4,500 m*fday
25,600 w*/day

30,000m>/day
Omitted

$250X7. 2% it X9 1 mX 164K WX4 Units
$250XS, I m®fmin. X84m¥ LOTKWX 4 Units
@150X2.6m*min.X4ImX20K WX Units
100X 1.t /min, X64mX 21 KWX3 Units -

$600mm-

e $AS0mm

~ $350mm
#300mm
¢250mm

lstimation of construction cost
Pipe material 66,760,0008 - .
Eatthwork 13,020,0008

Pipelaying
puaps

700,0008

1,950,000p (1

Total 72,430,0008

“$=22,500m

2=10,400m
£:219,200m

2=14,900m

2=14,600m

neluding pump-house)
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8.2 Amphuir Noug Klmem

For the cunslmctlon of independent facilities for Amphar Nong Khaem, the followlng three types of
walonl.orks ean be considered bestdes the raw water supply comprehensive plan,

(_I) hitake from Klong Watlana

To take waler from Klong Wattana, U is the most suitable, for reasons stated in Chapter 7, o flnd the water
source at a point whete a wailway line and Klong Wattana interscet, Aftor tho intake process, the water i
purified. The pwificd water is then semt to a service teservolr to be buitt in the central part of Amplmr Nong
Khaem and is dislnbutcd wuh service pimps. .

Daily maxinwm supply 40,0(_)0 m¥fday
i!omly maximum supply 60,000 m®fday
Raw waier demand 44,000'm?/day
Water sowce system I S
Raw water pumps ~ ~ 7.63m° fmin, XIS mX30KWXS Uniits
Water purification system ' :
© Receivingwell - 35m(W)Y X 8im(LY X 2.5m X 1 bash
Chemical coagulation basin 2.3m(W) X 2:3m(L) X 2.65m(i1) X 4 basins
Vorli - Mixer ~4Units
Flocculation basin 9.35m(W) X 5.6m(L) X 2.65m(11) X 8 basins
Chemical sedimentation basln — 9.35m(W) X 24m{L) X 3. 3m(H) X 8 baslos
Rapid sand filter 12m? X32 basins
Cloar waler reservoir 16m{W) X 28m{L) X dm(H) X I basin
Water transmission sysiein ' S
Water transmission pumps $250%6.95m> Imin XSSMXOSKWXS Units
Water transmission plpes
Ductile cast iron pipes $T00X 1 2km

Distribution systeim ~ -
Water distribution punmps
$200X5.21m3 fmdn X75KWX2 Units
$300X 1041w frin, X1 SOKWX 3 Units
Service reservoir
40m(W) X 40mi(L) X 3.5m{E1) X2 basins
Distribution pipes
Ductile cast lron pipes  ° ¢700X850m
Ductile cast iron pipes  ¢600X1,450m
Ductile casl iron pipes  ¢500%3,000m
Duetile cast fron pipes  ¢350%3,600m
Asbestos cement pipes  $300X3,600m
Asbestos coment pipes $250X7,100m |
Asbestos ¢ement pipes _¢200X?,900_m
Asbestos cement pipes  $150X11,750m
Asbestos coment pipes  ¢100X6,750m
Construction ¢ost o
~ Total construection cost  197,243,000p
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(2) Water s taken from Nakorn Chai 1 River and sent to the purification plant sl'al_cd in{1)

In case Klong Wattana is found uscless due to pollution, Nakowm Chal Si River can be consldered as the _
source of surface water. For this purpose, the comprehensive water supply faciliios may bo better than _
independent facilities for Amphur Nong Khaew, Howover, the latter is analyzed below, because, as explained in
8.1,a targe construction for raw water pipes is requived in the case of the comprechensive supply plan,

Raw water pumps ¢300mmX9.'2?ni’lmin.XZ’hnXGSKWXd units
Raw waler main

Ductile casticon plpes . ¢700mm  €12,200m
Bstimation of constructlon cast :

Raw waler pumps -~ 250,0008
Pipe mutesial 15,140,000,
Pipe-laying 5,330,000
Total 20,720,0008

Therefore, the additional cost as above Is needed,

(3} Inclusion of Amphurs Bang Bun Thong, Bang Yai and Sai Noi in the reglonal supply system |

The supply of purified water from the reglonal waterworks of Bang Bua Thong, Bang Yai and Sai No (waler
source: Klong Om) to Amphur Nong Khacm is not inconcedvable, but it is a very uneconomical type of
walerworks.

Constraction cost

Water source systent 2,288,000R
Parification system 86,840,000
Water transmnission system 92,511 ,000B
Conlrol sysiem 33,280,000
Distribution system 79,494,000
Olhers ' 55,938,000p
Total 350,351,000

83 Amphur Lat Krabang

Types of waterworks concelvable in addilion (o the comprchenslve plan are the intake from Klong Phra
Khanong and the use of well water, There ate some Kiongs with better-quality water east of Amphur Lat
Krabang, but its absolute value of pollution is about the same as i other Klongs. Therefore, Klong Phra Khanong
which is nearer fiom Amphur Lat Krabang can be chosen as Hie most suitable source of water,

As exphined in 8.1, the lifting amount of underground water is Himited, bul there is no fieed 91' finding new
water sources because existing wells have the capacity of 3,500 m* /d and the ratlo of chloride lon s still
endurable, Meanwhile, the fifting amount of underground water Is decreasing gradually and some restrictive
measures are expected In the future, Tn this cespect, it Is impossible to heavity depend upon underground wates,
When the capacily of existing wells falls below the demand level, the swiface water of Kong Phra Khanong will
have (o be utilized, In 10 years when the second-stage expansion work Is needed, the use of undergronnd water
will be suspended and waterworks for susface water will be expanded, .

In designating Kong Phra Khanong and existing wells as water sources, the regional supply plan covering the
neighlioring Amphur of Min Buri and Bang Phli will not be taken into consideration as such a plan Is technlcally

unreasoiable.
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Raw waler syslem
Raw water pumps
Puiification system
Reeelving well
Chemical coagulation basin
Floceulation basin
Chemical sedimentation basin
Rapid sand filter
Distribution system

Service réservolr
Distribution pamps

Bistribution pipes
Ductile casl fron pipes

Ductile case ivon pipes
Asbestos cement pipes
Asbestos cement pipes
Asbestos cemenl pipes
Asbestos coment pipes
Asbeslos coment pipes

S125X1.91m° fmin X 15mX7.SKWX4 Units

FSm{W) X 3.5m(L) X 2.5m(H) X | basin
1.3m(W) X L3m(L) X 2.2m{I1) X 3 basins
4.0m{W} X 4.0m{L} X 2.2m{I1) X 6 basins
4.0m(W) X 15.0m(L) X 3.5m(H) X 6 basls
Jin? X 24 basins .

10m(W) X 18m(L) X 3.5m(i1) X 3 basins

¢100X 1. Om’/mm XSOmX 15KWX2 Units
$150X2.3m° fmin. X SOmX 3ITKWX4 Units

AG0mmX4,000m
350mm¥2,500m
300mmX 1,200m
250mmX5,950m
200mmX9,200m
150mmX9,450m
100mmx8,600m

Construction cost 53,913,000

8.4 Amphur Bang Bun Thong

An independent supply plan for Amphur Bang Bua Thong can be established because the area has the surface
water supply capacity of 2,000° /6. T his is possible only il regional plans are sel up for the neighboring Sai Noi
and Bang Yai districts. Only the use of surface water is m‘llwcd here because feasibility of using undorgeound

water las not been confirmed yet.

Daily maxinumn supply
Hourly maximum supply
Raw water demand
Raw waler system

Raw waler pumps
Raw waler main

Raw water pipes
Purification system

5,200m* [day
7,800 fday
$,720m* [day

Ldm? fosin. X4 Units

$300X20m

Chemical coagulation, sedimentalion and (ilteation method

Distribution systemn
Distribution pumps
Distribution pumps
Distributon pipes

Asbestos cement pipes
Asbesios cement pipes
Asbestos cement pipes
Asbestos cement pipes
Asbestos eemend pipes

1.0m3 Jmin. X3 Usits
E7m? fmin X3 Usiits

¢300X750m
$250XS00m
@200X10,250m
$150X23,950in
S100%14,350m
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Construction cost

Raw water system 14,0008
Purificatien syslem 19,375,0008
Control system _ 4,810,0008
Disteibution system 11,021,0008
Others ' 7,254,0008
Total _ 43,174,0008

8.5 Amphur Bang Yo

For the planning of independent supply {acilities for Amphur Bang Yai, wells and Klong Maenam O are the
possible sources of water supply. Underground waler is belng taken from a few number of wells which exist in
this distelet, The feasibility of using wnderground water must be re-examined if the enthre Bang Yat distrlet §s to
be served. For this purpose, a well is installed so that ft is used for CRCTECHCY works, and after the frst-stage
work, efforts will be concentiated on the construction of facilifies for surface water,

Daily maximum supply 4,400m* fday
~ Hourly maximwmn supply 6,600n° fday
Raw waler demand 4,840m° fday
Raw waler system ' -
Raw water puaps 1.68 w?fmin.X3 Units

Raw waler system
Ras waler pipes $250X20m
- Clean water sysleny
' Chemical coagulation, sedimentation and filivation method
Distribution system
Distribution pumps L15m® fmin. X 3 Units
Distribution pumps 2,29m* fmin. X2 Uniis
Distribution pipes
Asbestos cement pipes  ¢300X4,050m
Asbestos cement plpes  $250X3,300in
Asbestos cement pipes  $200X4,100m
Asbestos cement plpes  ¢150X7,200m
Asbestos coment pipes  ¢100X7,100m
Construction cost

Raw water systom 543,000B
Purification systcm 15,431,000B
Conlrol system 4,092,0008
Distribution system - 8,730,000B
Others 6,0632,0008

Tolal ' 35,428,000

8.6 Amphur Sai Noi

]
An independent supply plan Is very difficull lo materalize here because welts In this dislelets were once
damaged sertously by chiloride. About the Feasibility of using underground water, experinvents have been repeated
by using a test well. The analyses here mainly concen the plan aboul surface water from Klong Phra Phimoa.
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Daily maximum supply . 1,500m? [day

Hourly maximum supply 2,250n" fday

Raw water demand . [,650m3 fday

Raw water pumps 0.557u fmin. X3 Unlts’ R

Raw water main - Asbestos cement pipe $200%20m _
Parification system Chemical congulation, sedbmentation and filtration method
Distribution syslem . Distiibution pumps . 0.56m /min.X2 Units

Distribution pumps - 1.00m® fmin. X2 Units

Distribution pipes '

~ Asbestos cenient pipes  P150X6,250m
Aébestos cement pipes  $100X7,550m

Construction cost

Raw water systen: 526,000)
Vusilication systeim 12,877,000
Control systesn 1,425,000p
Distribution syslem 3,210,0008
Others 3,427,000R

Total 21,465,000

8.7 Amphurs Bang Bua Thong, Bang ¥ni and Sal Noi regional walerworks plan

Due to the satinity of undesground water and from the standpoint of effective maintcnance, a regional
planning scems to be more desitable ran separate supply plans for these three distelets. A weak point of the
regional plan is that distribution pipes must be installed even in aparsely populated areas.

Daily maximum supply 12,000m* fday
Hourly maximun supply 18,000m° fday
Raw water demand 13,200 fday

(1) Plan of construction & purification planl in Amplwr Bang Bua Thong by taking water from Klong
Maenam Om (part of the existiog purification plant is remodeled), l
Raw waler sysiem o
Raw wafer pumips $200X3.06m° fmin, X25mX22KWX4 Units
Raw water main
Duetile cast iron pipes $500X4.7km
Pwification sysiem

Receiving well 2.83m{(W) X 6.0m(LY X 2.5m(11) X | basin
Chetnical coagulation basin - L.5m(W) X LSm(L) X 2.5m(H) X 3 basns
Floceutation basin A TIm(W) X 3.om(LYy X 2.5m(I) X 6 basins
Chemical sedimentation basin - 4.7m(W) X 18m(L) X 3.5m(II) X 6 basins
Répid sand filler 4.8m* %32 basins

Distribution system
Sewvice reservolr L5m(W) X 20im(L) X 3.5m(H1) X 3 basins

_ Disir;bntioni;umps . f.quxj_ill_l.i‘:].XZ Units
Distribution pumps ~ 3.7m> fmin.X4 Units’
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Distiibution plpes Ductilo cast fron pipes  ¢350X5,450m
Asbostos coment pipes  ¢300X4,550m
Asbestos coment pipes  ¢250X8,700m
Asbostos coment plpes  $200X25,200m
Asbostos coment plpes  $150X26,550m
Asbestos coment pipes  $100XI8,850m

Construction cost  Water sovrce system - 7,852,0008 °
Puyification system 22,502,0008
Control system . - IO,'SSQ,O(}OH
Distribution system 33,918,000
Others 15,804,000p

Total . 90,608,000p

(2} Plan of constructing & purification plant in Bang Yai with water taken from Klong Maenam Om

Raw water system  Sameas n
Raw wate;:mal.n ' Ductile cast iron pipes ¢500X50m
Puorification system  Sameas (1) '
Distribution system |
Service reservolr Same as (1)
Distilbution pumps Same as {1} :
Dislrlbuli_on pipes Ductile cast iron pipes 100%4,700m

Duetile cast iron plpes  $350X7S0m
Asbeslos cement pipes ;63005(4,550:11'
Asbestos cemend pipes $250X8,700m
Asbestos cemont pipes ¢200X25,200m
Asbestos cement pipes $150X26,550m

: _ _ Asbestos ceament pipes 100X 18,850
Construction cost Water souree system £, E66,0000

Purification system  32,775,000h

Control system 10,532,0005
Disiribution systeln 34,848,000
Others 16,661,000p

Total 95,932,000B
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Chapter 9 Veasibility study

9.1 Selection of fensible plan

It is not an easy task to select the most roasonable plan, technically and cconomically, out of a large nunber
of comparative designs that weee oxplained in Chapter 8, Although the promotion of wator supply. projects 1s
mentioned in the contents of the thivd five-yoar project, it is not possible to conflrm ight now that the
prevention of water pollution and procuremeont of water Souzces ate fully guaranteed.

So many problems reman unscttled that tcchnically and cconomically feasible projeets canuot bo dectared as
practicable from the administrative point of view. However, it is possible to prcscnl a deaft plan which may help
establish a Master Phu for waternworks projects, allhough such ¢ '\ppc'mrs to be loo feavy a work for a developing
country.

By so doing, it is necyssary to wealize the Importance of various problems involving the water supply. Even
praciicable plans cannol materialize wnloss sufficient Tunds are preparcd and the necessity of receiving the
natiorai support is a prave problem for the Metropo]ltan W-lter\wrks Authority whlch is pursuing the .
independent accounting principle.

OF the experimental plans explained in Chapter 8, the following are conmdcrcd to be feasible lcchnlmlly and
cconomically:

(1} Amphur Nong Khaci water supply plan with Klong Wattana as water source,

(2) Amphur Lat Krabang water supply plan with Klong Phua Khanong as watér souree.

(3} Amphurs Bang Bua Thong, Bang Yal and Sai Nof reglonal water supply p]an with Klong M'mnam Omas -
waler source,

9.2 Feasible plan for Amplinr Nong Khaem

9.2.1 Declsion on varlous factors

Designing eonditions:  Tntake capacity 44,000 m® fd
Purification capacity 40,000 m* /d
Distribution capacity 60,000 ¥ /d

Purifleation capacity:
This concerns facilities with the capacity of 40,000 m? /d. The project can be dwided_ into four terms, and
purification of 10,000 m® fd is scheduled for cach slages.

9.2.2 Iutake facilities

Water source: Klong Wattana

Intake method: Intako with pumps
The capacity is 44,000 m* /d, and the number of pumps will be increased during the
period of expansion,

Target year: Targel year 15 2000 A.D., and the perdod by that time Is divided into four stapes,
and In cach stage, facilities of 10,000 m® /d will be constructed.
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N Intake
Collection of water 44,000 w*/d
Inflow velocity 0.3 mfsec
Cross scetion of intake ¢ 44,000+ 86,400+ 0.3 = 1.7 m?

2 Raw water pumps : five units (one of them reserved)
LifC 2 44,400 °fd + 4 = 11,000 m*fd per unit = 7.63 m®fmin per unit
Total head @ 15m
- Horse power of pump ¢ P =0, 163 X 1 X 7.63 X 15 + 0.7 = 26.65 kW
* Diameter ol pump @ MG\[’I 63{2.5 =255, Say 250 mm
Specific speed @ $25.2ipm '
Motor : P=2665 (1.4 0.15)/1.0 = 30.6 kW

Double suction ccnlrll‘ugwl pumip : five units (one of them rosorved)

3) Row walcr nwin: @700, €= SOm, Ductile cast iron pipes

9.23 l'urificalion system .

. . L 40000m£]__
1} Receiving well: Capagity; 2.3 min X 1400 min " 69.4 m®

then, W3.5m X L3.0m X 11 2.5m X | basin

2) - Chemical voagulator  {Voitex Type)

Data ranging the ftest stage to the recéiving well are decided on the basls of the capacity in 2000 A, After
the receiving well, the plan is mapped out for expansion worked for four stages, sotting the single stage capacity
at 10,000 m® fd. :

lacilities of 10,000% /d arc constructed in the initlal slage,

10,000 m i(l
] 440 min

then, W 2.3m X I 2.3m X 1 2.65m X | bash

Detention & capacity: 2.0 minuwtes X - = 13,9 m?

D l locculator

Like the chemical coagulator, Ute Mtoceulator is of‘ the mechanical type.
.I_g’g[_)l)..'!!.’.(_‘- =218 [‘“

‘ 1‘ H o : ] H "
l)ctentlon & capacity: 40 minutes X 1 440 min

If this is divided inlo two systems, the capacity per one system is 278m* + 2 = 1392
Equipment:  Paddie-ype coagulator

4) Chemical sedhinentation basin:
Capacily: 3.5 howrs
Lquipment:  Link-belt type clarifier 3.5 hr X 104 023011:1 A 1458 ni®

If this s divided into two systems, the capaily per one systom is 1,458 m? +2 =729 132
then, W 9.35m X L 24 X 1 3.3m X 2 basins
Taking weir doading into consideration, a water collection through is installed at the edge of the

scdintentation basin.
5) Chemieal dosing equipnient
Chemicals used: abuni, fine
Rational dostig rate:  According to a jar-test, alum rate is 50~100 ppm, ard Hine 25~30 ppm

Dosing volume and pumps

Alum: 10,000 m*/d X 100 ppm X - é‘t X1 33" = 1,33 md, Say $5.4 i
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6)

Max. 56 Yiw, two units {one Is reserved)
Lime: Max. 28 2fbr, two units {one is resorved)

Storage tank:  alum S m® X 2 units

Solution tank:  lime 31m® X 2 units

Rapid sand filter:

Automatic back washing systesn is the base for the rapld sand filter, Adopted here s the green- Aeal filter
which has morc exeoltent features than many other lypcs '

7

Rate of {iltration: 120 mfd

~ Area of filiration: 10,000 m*/d + 120 mfd = 83.3m?, say 12 m* X 8 units

Surlace washing punp: 12 m¥unit X 0.2 m*fmin, = 2.4 m*/min.
Head: 30m |
Power: 19 kW

$150 X 30 m X 19KW X 1.450 rpm, two unlts {ons is reserved)

Clear water basin

Detension:  one bour, 40,000 m3/d X -ﬁ;l- = 1,666 m?

W'nlcl depth: 4 m, ﬂwnl 666 m? tams 417 m?

8) Disinfection cquipment _
Chlorination is canducted with fiquid ehlorine, and pre-chtorination is made possible, il any,

40,000 m*fd X 2 ppm X 10°¢ X 10° X 1/24 = 3.3 fhr

9.2.4 Waler transinission system

Water is sent out with a service pump pit directly conniecled to the purification basin and then pressed into
the serviee reservoir with the service pumips. The pumps are interchangeable.

Transmission pumips; 40,000 m® /d + 4 stages = 10,000 m?/d -> 6,95 m®/min.

Overall head: Actual head " 5.5 m
Frictioti loss 48
Others L5m
Tolal S5 ]
llorsc power of pump. Ps=0. 163 Xi X 695 X 35+ 0.75=83 kW

Transmission pipcs Ductile cast iron pipcs, $700, 2= 12 km

- Specific speed: 189.5 rpm

Motor : P=383 (1+0.0)/1 =OL3KW, say 95KW
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. Type and number of transmission punps

__Stage. Unit i llow

~ Lmergency 1 {one foserved) 6.95 m*/min

Ll T T e
ad 1 B L ditto
3ud i I dite
v | e [T

Receiving c%mcil)* of clcclncuy

Power-ltansmission fines of 115,000 ¥V and 380 V run neatly, and lhus the £15,000 V linc Is used as power

solree,

”Sllz_a__g_e__ o M'lm cqmpment C'{paclty l‘lcctrlcily wnsumed
bmergoney | Raw water pump _ _.__EQEY’,?S?_:-_QQ.‘S}?',, _3OKWX 1= 30KW
PIOBIIL | Surface washing pump | 19KWX 2= 38KW | 19KWX 1= {9KW

Transmission pump 9SKW X2= IQOKW 9‘3KW Xl= OSKW

T Auxiliary equipment, _

measwring and lighting - 30KW 30KW
, cqmpmcsﬂv .

I | __Subitotal 318KV 174KW

Ist stage Raw water pump 10KWX 1= 30KW J0KW X | = 30KW
_ Tiansmiission pump 95SKW X 1 = 95KW 9sxwx 1= 951<w
Ausilmry equipmeni, o o N B
nteasurisig and Iighlmg 20KW 20KW
equipment 7 : : R
e Sub-total 14sKw H45KW
Total . 463KW

20ed: Same as It stage program

Sub-tota 145 KW 145 KW

Grand total 608 KW 464 KW
3rd: Same as 2nd stage program ‘

Sub-otal 145 KW §45 KW

Total T53IKW 609 KW

According to this, power recelving plan Is mapped out. In view of the loading situation, dividing into three

319KW

" would be most suitable, Emergency power source should be strong enough to handle emergency load.

Umeigency: 250 KVA, 50 HZ, 3g4c, 115,000/380
Isi stage: ditto
2nd stago: ditlo

Generalor: 250 KVA, 380 V, 50 117, 3pdc

Diesel engine: 350 I, 6 cylinders

9.2.5 Distribution system

The distribution system is designed o send water to the service reservoir jnstalled in each Amphur and
distribute it with pumps,
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Overall head:
Pump plaw:

40,000 m’[d XI5+ 43('1303 = 15,000 mald = 10,41 mein
SGm

Total

Stage Small capacity - Large capacity - - ]
Inﬁergemy - 2 (ono rescwcd) o D N Eﬁ}md '
Ist o o 1 (oné rescrved) 30,000 "_:_
m | . ‘ 15,000 -
T R O
Total 2 (one reserved) 1 3 (ond roserved) ) 82,500

Small capacity pump:
Lift: 5.2 ¥ /min
Overali head: 50 1
Digsueter:
Horse power:
Motor:

R

D =146 /5217 2.57= 210 mm
1"'0163){52])(50 0.7 = 60.65 KW
P 60.65 (1 +0.0)/ 1.0= 667 KW, say 75 KW

Large eapacity pump: - $300 X 200 X 104} m*fmin X 150 KW X} 450 rpm -

Service reservoir:

. Capacily:
Distribution pipes:
Ductile cast iron pipes
Duclile cast iron pipes
Ductile cast ifon pipes
Ductile cast iron pijms
Ductile cast fron pipes
Asbestos cement pipes
Asbestos cement plpes
Asbestos cement pipes
‘Asbestos cenend pipes
Asbestos coment pipes

9.3 Feasible plan for Lat Kmban_g

9.3.1 Decislon on varlous factors

Deslgning conditiosn: Raw water demand

$100,

40m WX 40m L X 3.5mH X 2 basins .
5,000 w? pcr lmsin

= 850m

- 4700,
9600, = 1,450 m
$500,° €= 3,000m
¢#450, = 850m
$350, P = 3,600m
- $300, = 3,600 m
9250, = 7,100 m
3200, ¢= 7,900 m
$150,  f=11,750m
= 6,750 m

7,500 m?/d X 1.1 = 8,250 m*/d

Clear water demand 7,500 m?/d
Pusification system: 2,500 m®* fd X 3 stages = 7,500 m*/d

9.3.2 Raw water systom

Water source: Klong water

Collecting mcthod:' Pumping -

The capacily is 8,250 m? /d, and the number of pumips is lnercased during the perdod of expansion work.

Targel yoar:

2000 A.D. is set as the fatget year, By dividing the perlod Into thres slages, facilitles will be lncrcasad at lhe

rate of 2,500 m? jday.
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(1) Raw water pump: four units {one is roscn‘ed)
Lift: 8,250 m*fd+ 3= 2,750 mald por unit = 1.91 m’fmln
Overall head: . 15 m
tlorse power of pump: Py = 0. 163X 1X 191 X 15+ 0.7=67TKW
Diameter of puip: D =146 /1,91 [ 2.5 = {28 mam, say 125 mm
Specific speed: 264 rpm
Motor: - P=67(1+0.1)= 1.5 KW
Single suchion centrifugal pump: ¢I?‘I X 1,91 m'!mm X 15 m X 7.5 KW X 1ASO rpm X 4 umls

2)  Raw water pump plant:
- Floorspace 1 72 m?
3) Raw waler pipes : .
Ductile casl ron pipes @ ¢350, €=50m

9.3.3  Purification system

' o _25min
3 o 3
13 Receiving well : 7,500 i/l X - 7440 mm 3m

© 2)  Chemical coagulator
Data up o the reeciving welt are decided on the basls of the capacity in 2000 A.D., and after that, expansion
woik is done until the third stage, with the single stage capacity standing at 2,500 m* /., Loeation plan is made
for overall facititics totaling 7,500 m?fd, and 2,500 /d of them are construeted in the inithal stage.

Delcntion and eapacily: 2.0 minutes X --I 31—4’6-1‘11111 =347 m°

hen, WE3mX L E3mX H2.2m X | bagin
(three times in 2000 AD)

( 1) Like the chemical CO‘!f,llthl' the ﬂnculhtor is of the mechanical type. Stice the Ire'nlmcut volume is
small, Vortex type is adopted.

Congulation scens easy as turbidity is high and clativcly stable, For management and technical reasons, the
trealment lasts for about 40 minules,
This is plamied in two separate systems. Capacity for one system is -

(three thnes in 2000 AD.)
4y Chemical sedimentation basin

Capacity: 3.5 hots, 2,500 m®/d X %?5 =365 m®
Auxiliary equipment: link belt type
Capacity for one system is 365 m* +2 = 183 m?
then, WA.0 m X L 15.0m X 11 3.5 m X 2 basins
{three times in 2000 A.D.)
-5} Dosing equipment
Chemicals used: alum & lime
Rational dosing rate:
According to a far-test, alum rale is 50~100 ppm, and lime 25~50 ppm,

Dosing volume and pump: 7,500 m3/d X 100 X 10'6 X ~§ X f_’ll—?_ = 0.994 m3/d

Alum: Max. 20 8/hr, dinphragm pump three units (one Is reserved) or plunger pump
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Eimer Max. 10 &/hr, diaphragm pump three units {one is rcsewcd) or plunger prmp

Solution tank: alum 2 m? X 2 units
lime 1 m* X 2units

6) Rapld sandt filtzation basin:

Automatic back washing system is adopted for the rapid sand filter. Adopted here is the green-leaf filter

which has more excelont features than many other types.

Rate of Miliation: 120 mfd
Uiltration area: 2,500 m*fd + 120 mfd = 21 y?
Then, 3 m? X 8 units  (three thites in 2000 A1)
Surface washing pump  (slagle suction centrifugal pump)
Lift: 3 m® X 0.2 m®min = 0.6 m*fmin.
Head:  30m
Power: 5.5 KW

1 Distribution basin:

Capacily: six hours, 2,500 m*/d X 6/24-= 625 m?®
then, W 10m X L (8m X H 3.5m {three timesin 2000 A.D.)

9.3.4 Distribution system

1} Distribution pump

The tifi of the distribution pump is calculated as the hourly maximum supply.

Hourly maximum supply = 1.5 X daily maximum supply = .5 X 7,500 m*/d
= 11,200 w?fd, say 7.78 m3fmin.
Dividing the period into three stages, the supply In onc stage Is 7.78 m*/min -+ 3 = 2.6 m*/min.
Types and number of distribution pumpsf

Stage 1.0 m¥/min 2.3 m¥fmin Total (m*/indn)
ol stage | T 23 __1* .
P N e
7“;"0!:!1 —l“';—(l) R 3+{1) _-"“..?.9 (1.2 ]

Actual head:  40m
Overall head:  S0m

a) 1.0 m® fmin, pump: (tucbine puing)

Diameter: D= 146+/1.0/2.5 = 92mm, say 100 num

Horse power: Py =0.163 X 50 X 1.0/0.7 = | LG KW
Motor: P=1L6(1+0.15) = 13.4 KW, say 15 KW

Speclfic speed: 77.1 rpm
$100 X 1.0 n¥/min X 50m X 15 KW X 2 units (one is reserved)
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b) 2.3 w® fmin. pump:

D= 1464/2.3/2.5 = 140 mm, say }50 min
Specifle speed: 116 rpm _

Horso power: P =0.16 X 2.3 X 50+ 0,7 =26.8 KW

Motor: P=26.8 (1 +0.15)=30.8 KW, say 37KW

SIS0 X 2.6 i fwin X 50 m X 37 KW X 4 (one Is reserved)
Receiying capacity (dtslnbulima pump, suface washing pump)

Diameter:

st stage ‘ B _Load capacity
o Is KW X2 unils (oncis FCS;IVcd'jf B T KW N
TKWX2wits | (omeisreeved) | TEW
5.5 KW X 2 uaits (for surface \mslung) 55KW
7777777 {one s rescwcd) :
Almlnry cqlupmem mewsuring and lighting cqulpnﬁ:i{r kw0
- Tol IS EW -
(for mdcpcndent electrlcity reception and transmission)
20d stage: - _ -
for Ist stage 57.5 KW
Auxnlnry cqmpmcm measuring and Hghting equipmen 10KW
Tolal 67.5 KW

{Tor independent clectricity reception and transmission)
3rd stage:

Until 204 stage 104.5 KW
3TRW 30 KW _
Total 150 KW (for independent electricity receplion and transmission)

Independent power plant

There are no PEA regulations concerning the capacity to be received from 380 V line. Direct recelving of
targe-capacity power from the 380 V line must be avoided to maintain voltage stability. If the received capacity
exceeds 100 kw, a 1157380 V transformer is Installed,

Ist stage

Raw water pumps 75 KWX 2=15KW ) TSKWXT="TSKW
Distribution pumps IS KWX2= 30 KW (one roscwcd) ‘‘‘‘‘ S KW
Distiibution pumps JTKWX 2= 74 KW (one roserved | KW
Surface washing pumps 5.5 K‘."‘iigﬁ =11 KW (one. rcservcd) 1 5.5 KW
 Auxiliary equipment, measuring and I:g!iuﬁi; cqmpmenl 10KW QKW
“Sub-total TSRV [T 5 KW
and stage - o
Raw water pumps TSKWX =75 KW 7.5 K\
Dlslnbul:on pmnps‘—_m 37 KW X 1=37KW N KW
_ Sub-total sk ] THESEW T
3nd stage: _ o -
Raw water pumps TS KWX 1S5 KW 7.5 KW
Disteibution pupips 371 KWX(=37KW TS RW
Subdotal T A4SKW T AASKY |
| Totl T Tk e KW
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By the end of the fisst stago; direct receivlng from 380 vV 4 C is possible, but in the second stago, an -
independent electrle power plant is needed. Therefore, constrwetion of the Indopcndonl plani is scheduted from
the beginning, :

About the power receiving systom, examln-ltlons ate uccdcd on the following poims

(1) Total consumption depends on supplicd pchr, and as an emcrgcncy source, half or one-tiird of the

capaclty s produced with the mdcpcndcnt power generatot, -

(2) All power is generated with the independent plant; . :

In the case of (1), an independent phant is included in the original conslmction p!an For safe and economicat
operation of facilitles, emergency power sonrce thal cin cove aboul one-Hird of thc rcqmrcd capachy, is
regarded asiost sultable, ' :

As an investment for the future, en\crgcm,y power source of 1&0111 6() kw is prcp'ared

(:cncmiioncapacn!y GOKW X 1.2 72KVA
Motor capacity: - 1o l’ (dlesel engine battery driven) -
I:qmpmcnt {or uulependcnl clcclriclly receplion and lransmlssion
164 KW X 1.2 200 KVA'
Taking the loading sitwation into consideration, (wo séts of 1,000 KVA 3 l 15 000[380 V arg inslalled.

ln the ease of (2) {this s just for reference and cannot be adopted), ol power Is produced with the
independent plant, but the plant Facilities must bc dnvlded into two, bcc*msc the capacity is 75 kw in one ferm
and 164 kw in tirce terims,

Generation capucily: 82 KW X 1.2 = 984 KVA, sqy 100 KVA
Hngine capacity: 160 P
Two unils inchiding a reserved ohe awe prepared at the outset, and thr_ce_‘luiit:s in the flnal stage,
2)  Distribution pipes
Ductile cast iron pipes 3400 £ = 4,000 m
Ductite cast lron pipes $350 2 =2.500m
- Asbeslos cement plpes $300 2=1200m
Asbestos cement pipes $250 R=5950n
Asbestos cement pipes $200 R =9200m
~ Asbestos coment pipes ¢ 150 2=9450m
Asbestos cement pipes ¢ 100 £=8,600m’

9.4 Teasible plan for comprehersive water supply in Bang Bua Thong, Bang Yt and Sai Noi

9.4.1 Decislon on various faclors

Désigning condition: Raw water demand 12,000 m3fd X 1.1 = 13,200 m*/d
S : Clear water demand 12,000 m*/d
Purification'system: 4,600 m%/d X 3 stages = 12,000 m¥fd

9.4.2 Water collectlon and conveymice system
-Water source: Klong water
Co!lcc!ing method: pmnping

*Fhe scale of the Infake plant is 13 200 m“/d and- thc number of pumps Is increased during three periods of
cxmmion wnrks ' :
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Targed year: .
Target year of this plan is 2000 A.D., and the perlod in between is divided into theee, The Uireé terms are:

Ist stage: eight years 1977 ~ 1985
2nd stage: seven'years 1985 ~ 1995
Jrdstage:  eight years 1992 ~ 2000

1) Raw water pumps: four {one reserved)
Life; 12,200 n?fd+ 3 = 4,400 m® /d = 3.06 m*fmin.

Overall head; - Actual head 10 m
liriction loss 9.4 m
Otlhicrs Im
Tolal 224 m, Say 25 m

Horse powee of punips: Py = 0.163 X 3.06 X 25 +0.7= (7.8 KW
Diameter of pumps: D = 146 4/3.66/2.5 = I60 mm
Specific spccd 225 rpm .
Motor: = 17.8 (1+0.18)= 205 KW, Say'22 KW .
QSZOOI 150, Double suction cenlrifugal pump
Recelving capacity: 22 KW X 3= 66 KW
. Others {0KW
- Total 76 KW
76 KW X 1.2 100 KVA (for indpendent clectricity reception and transnission)

2} Raw waferplpcs Ductite cast iron pipes, $500, £ = 4,700 m

9.43 Purification system

1) Receiving well
Capacity: 2.5 minutes
{2,000 m3/d X 2.5/1,440 = 20.83 m*, then W 2.0m X L 4.5m X 112.5m X 1 basin

2) Chemical dosing basin (or chemical coagulation baili): - ,

Up to the receiving well, data are decided on the basis of the capacity in 2000 A.D., and after tha, 4,000
m® fd (acilitics are constructed i the fist stage, and expansion works continue until the third stage, OF the
12,000 n® {d facilitics, 4,000 m® /d are constructed in the inltial slagc.

Capacily: 2.0 minutes 4,000 m*/d X -———-—- =556 m*

then, W 1.5m X L 1.5m % 1{2.5m X l basin
3 Flocculation basin (2 systems):
Capacity: 40 minutes
Therefore, the capacity of one system is 4,000 X 40[ 1,440 = 111
then, Wa.7m X LA 7m X 112.5m X 2 basins

4} Chemical dosing cquipment:
Clemicals used: alum & lime
Rational dosing rate: according to a jar-test, alum doskng rate 1s 50~ 100 ppin,
Chemicul dosing 1ate and dosing pimp: 25~50 ¢/hr
Max, 37.5 2fhr, plunger pump three units (one reserved)
If time is about one half of alum, dosing pumps aro Max. 37.5 /i, plunger pumps three units (one reserved),
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Solution tank: alom 4 m* X 2 units
e 2o’ X 2 unlts

5} Chemical sedimentation basin: (2 systems)
Capacity: 3.5 hours
‘Thereforg, the capacily of one syalem is 4,000 m*fd X %;f = 5833 m?
then, Wb 7 X L 18.0m X 11 3.5m X 2 basins

(6) Rapid sand filter

Automitic back washing system is adopted for the rapld sand filter, Adopted here is the green-feaf Riter
which has more excellent features than other Lypes. : :

iliration rate: 120 mjfd
Filtration area: 4 000 m?fd + 120 mfd = 33.4 m? X -—-—~ 38.1 m? 4.8 m? X 8 basins
Surface washing pump (Single suction ccnlnl‘ugwl puip):
Lift: 4.8 m* X 0.2 m%min = 0.96 m*/min.
Head:  30m
Power: 9.5 KW
1) Service rescrvoir:
Capacily: 6 hours, 4,000 m*fd X ?%—" 1,000 m?
then, W 15.0m X L 20.0m X 11 3.5m
9.4.4 Dishiibution system

1} Distsibution pumps:
Lift:  Hourly maximum supply = 1.5 X 12,000 w’/d = 18,000 /4.
Supply in one stage is 18,000 mfd + 3 = 6,000 m*/d = 4.2 m*/min.
Types and number of distribution pumps:

Stage 1.6 m;‘!nun | 3 fming __. Total n’fmin}
Caststage | 0e(y vy T s

2ad stage ! 3.9

Jrd stage l 3.7

Tolal HER§)] 3+(D) 12.6+(5.3)

Actual head: 40 T Overall head: S0

a) 1.6 m? fimin, pump:
Dianeter:  $146+/1.6/2.5 = 116.8 mm, Say 125
Specifie speed:  97.4 rpm
Horse power: Pe=0.168 X 1.6 X S0+ 0.7=18.6
Motor: P=18.6(1 +0.15)=21.39, Say 22 KW

$125 X 1.0 n fmin X 50m X 22 KW X 2 (one reserved)
b} 3.7 m fmin. pump:

Dianmieter:  146+/3.7725 = 177, Say 200 mm

Specific speek: 148 rpim

Horse power: Py = 0163 X 3.7 X 50+ 0.7=43.1

Motor: P=43,1 (1 +0.15) = 49,53 KW, Say 35 KW

$200/150 X 3. InPImm K 50m X 55 KW X 4 units (one reserved)

Generator equipment (distribulion pumps)
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Ist stage o Equipent Load
e SO0ACY ) capacily
22KW X2 44 22
o CSSKWX 2. (one reserved) ©Ho 55
I'or swilaee washing
: 1.5 KW X2 (onereserved) s 7.5
Auxitiary cquipment 10 T 10
‘ Subtotnl. | W9 94
Pwdstags | SSKWXT Subdtolal % 55
rdstage  SSKWX |  Sub-lotal. s b s
T T T 289 KW 204.5 KW

According to this, direct rcr:ciwng féom 380 V 4 C Is possible by the end of the first stage work, but inclusion
of a plan for the imlbpcnilent power plant in the original schedule is recommended. Problems which require
examinat _iéns on the power recéiving system are: '

(1) Total consumption depends on supplied power, and as an emergency sovrce, half or one-third of the
capacity is produced with the independont power generator.

(2) Al power is generated with the independent plant.

i the case of (1), an independent plant is included in the original construction plan. I'or sale and cconomical
operation of Facilitics, enteigency power sotree that can cover about one-third of the required poser, is regarded
as most suiiable, '

Therefore, as an investinent for (he future, CHICEECRCY power source of aboul 80 KW is prepared.

Gcncr'mon capacity: 80 KW X 96 KVA _
Motor capacily: 96 KVA X 1.36 X | 0.9 = 145 Py, Say 150 P
Facilities mnnlly planned for independent clcclnc:ly reception and transmission account for about a half
of the éntire facilities.
Al the linal stage, the abave figure could be doubled. Therefore,
115,000/380 V, 3,450 1)z, 1S0KVA, 2 seis.
In the case of (2) Gust for reference), it is desivable to divide independent power plant facilities into two
paits for technical and cconontic reasons because the first-siage facilities tolal 104 KW and the second-stage
facilities 208 KW,

Generation capacity: 103 KW X 1.2= 124 KVA, Say 150 KVA
Engine capacity: 150 KVA X 1.36 X |+ 0.9 =226 1%, Say 230 I

Therefore, two wnits including a reserved one are constructed it the first sfage, and another in the second
stage.

150 KYA X 2305 X 3 (one reserved)

2) Distribution pipes:
Ductile casl iton pipes : $350, R= 5450m
Asbestos ceinent pipes ¢ $300, L= 4,450
Asbestos cement pipes © $250, £= 8,700
Asbestos cement pipes : $200, 2 = 25,000
Asbestos cementpipes | 1350, 2= 26,500
Asbeslos cement pipes © ¢100, 218,850
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Chapter 10 Construction cost and financial plan

“10.1 Constructlon cost

Rough estimate of the cos! for emergency works, first, second and third-stages is shown in Table 10.1,
10.2, 10.3: Future ;irjcc ingrease was not taken into account, Local cost was caleulated in the cuyrent value which
was recognized by the Japanese Survey Team during its stay in Bangkok, and forelgn cost was found by adding

imyport {arifls to the ¢nreent vakues of Japaneso products (U.S. dollar 20 babts; 1 baht 12.5 yen).-

- Personnel Expendituie;

- Lat Krab'mg L Bm Bua']‘i_l_q_t_lg e _angKhaem m__-_:l
B W""ff’_’____________ mergcncy st Fmergc_nq_y Ist ) Fmergcncy _____ Ist
- ay - O O D) .8y
ﬁﬂ'ﬁﬂff’fﬁ?’_‘_‘;_‘ e | s 1800 | 1800 | "1,800 | 2,700
1 ) . n D sy
Senior Fngincer - O N P I = (1320 ,__( )1,329,,, ( 1,980 |
) (1) M )
Junlor Bngineor | ] 00 |- F 00 | Ciseo | 1800
(1) 2 () ) @ | ®
Mechanles {_ w000 | T2d00 | TTue00 | 2,000 | 2000 | 3,000
2) (3 (2) (3) 3) (4 5)
“"’"_‘_‘.’_‘i_____,_._.._ ons00 [ Tyeso b Tiseo | UThese | Leso | 2925
Lol @y @ @ - ® (3) 0
o o400 b CU8270 4000 ) 78270 | 8270 | 12,405
Annml l‘qﬁtnl B 7491{05)___ ____?9,240 49,20(_) ________ 99,240 L 99,240 148 86_0
..... Bxta 0 800 |7 8760 [ 800 | 8760 | 8760 | 13,140
i Pratui’!otfd 50, 000 108 000 50,000 108,000 108,000 162 000

Generfnl Management; 2ﬂ%of PersonnclExpcmhiurc ‘

l’erlod

1at Krabang
_ Ban Bua Thong

Nong K[nem

;7 mergency e 10,000 2!600 o
lsl - 21,60_6_ I 32,4{)0
power Casl;
Lat Krabang
b RWO WKW | KWXO7X24biX36sdays
- En_a_crgcncy | S 453 768___________________
I 5 459,900 ]
B3an Bua Thong ,
| KW b OBKW [ KWXO, 7x24hrx365days
_ Bmergeney |75 | 07 . Asvpo0
| Est 94.5 0.7 51947
Nong Khaem . .
TR R | K naiasi
_ Bmergoney ~ } 174 | 03 Lo hos6908 -
15t 319 0.7 _..lose o8 |
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10.2 Financlal plan
On the independent accounting basls, the financial plan was formed under the conditions as follows:

follows:

1} General management expenditure
Maintenance expenditure 1 0.04 Bfm?
Repair expenditure: 0,02 B/m®

Chemlcalcost: | Alum OB
Lime 002 M
Chtorine | 2ppm’ i 002 Bw®

Total 0.15 fhn®

2)  Repayment plan
Local cusrency:
Interest: 6%
Grace period: S years
Ter of redemption: 35 years
Totallng 40 years
Foreign cureéney:
Interest: 3.25%
. Grace period: 5 years
Term of redemption: 25 yeoars
Totaling 30 years

3) Water charge

Charged watcr volume accounts for 75 per cent of the average annual supply, and water charge is sel at 3
balisfm?® (presently 2 bahts/m® in provincial municipalities). Under the above conditions, financial plan of cach
Amphur was analyzed. As a resuld, it was found that a favorable balance cannot be achieved before time passes far
beyond 2000 A.D. This is because the population density is too low and the cost for fachtiticxs per head is
enormious. This can well be expected n the case of the regional water supply project. Such a project can never
matesialize without mational suppori. Analyses were also made on how the waterwotks account improves if
national supports are extended, and the resulls are shown in Table 10.4. If water charge is 3 bahts/m?, 50 per
cent of the total construction cost in Amphurs Lat Ksabang and Bang Bua Thong must be covered with national
supporl in order 1o prevend a deficit i the waterworks account. However, in Ampliur Nong Khaem where there
are no facilities at all, the initial investment is too large, and even if 50 percent of the total cost is covered with
national support, the balanee will not furn favorable until 2012 A, National support must be fusther
strengthened particularly in Amphur Nong Khaem. The financial plan is detailed in a separate volume
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Table 10 4

Lat Klal)ang Ii:m lhm ‘l‘hong Nong IKhacm
Local Foreiga |local Foroign |Local Foreign
Ourrcany Currency|Currency Uurrency [Currency Ourrcncy

lmor;,ency 6720000 1598000] 9731000 | 3260000 (40363000 82133000

Remark

1 st 10,445.000 18704000 13098006 |29299000 | 5936000] 14993006|Na

Polal 121170001 206302000 22829000 (32559000 [46289000| 97126000 Subsidics

Time of Over 2026AD Over 2026AD Over 2029AD
Balancnng

Emergency| 1170400 11186()0 6,811.700 2282000 28?47000 57493000

1 st ?.311..300 13092800 9,168.600 20,.)09.300 4100.000 10495000(30%

Total 8481900] 14211400 15980300 (22791300 |32402000| 67.988000|Subsi dics

Time of -
Balancing 2017AD 2_020’U) 2025A0D

Emergency 836000 799000 4',865.500 1636G,000 (20,177,000 4IDF?000

1 st 5222a00 ,.5.)2000 6549000 [14,640500 2.968,000 7497000 .)0%
Total 6058500 10151006 ELAL4500 116279500 |23,145000] 48564000 [Subsi dies
Time of 1975AD L074AD 2012AD

Balancing

. - PR

10.3 Re-assess

The unit cost used in the report for tie ¢stimates of construction cost and the financial schedule is based on
the current rale as of April 1973, 1t is very difficult, however, to forceast the future cscalation of fibour cost and
malerial cost at the time when the construction starts under the ciccumstances of world-wide inflation nowadays,

Itis, therelore, incvitable to re-assess the construction cost and the finsncial sehedufe based on the up-lo-daie
rate at the time when the project is execuled. b
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SETTLEMENT OF ACCOUNTS

CASE 1

In Case without Government Subsidy
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CASE 2

In Case of 30 % Government Subsidy
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