2-3 Relationship with Centfal-system.'
2-3-1 Hiétery of the Feasibiiity'study s

“As mentloued in Sec. 2-1, the rev1ew1ng of the central system
by J I C A as an addltlonal assignment was accepted w1th the proviso

'in case 1t would be better for the separate system Lo divert water

from the cent131 qutem

The’ idea of dlvertlng water from the central system apparently
arose “when a fea81b111ty study 0[ the water. supply prOJect for 5 Amphoes
was conducted in 1972 As a matter of fact, part of the fea81b111ty study

report prepared in March 1972 veads - as follows:

."When Dr. 5. Ndlto carried out a bdelc survey for the separate
syetem from September 1971 to March 1972, it was never mentioned in
metropolltan“Bangkok;thet_the decided service,areexof the central
systeﬁ sﬁeuld Be expanded to include the service area of the separate
system:otfwetergshouid be diverted from the central system to fill the
" demand on the separate system,"

IIJThbse'daﬁs the separate system was not related to the central
-sYstem; }efIECting:an easy-going view that, as C,D.M. stated in its
report, the eeﬁarate'system would be relatively easy to build. Therve
was a view that as much water as wanted could be.obtained by digging'
wells. However. the groundwater . survey which was taken in Nong Khaem
following ‘the - ‘basic survey led by Dr. S. Nalto proved a failure and
the ,groundwater in Sai Noi was-found to be cqntaminated by saline water.
Conftonted with en.unexpected situation, the persons charged with the
water'suﬁply’project had to review the separate system from the stand-

point of water source,

In other ﬁords, it became necessary to find a relatively easy
solution teitheuproblem by turning to the central system for a water
supply. Needless to say, theteentIEI system was planned.as an
independent system and was already under construction. It was there-

- fore diffﬁéult to fill all the demandion the separate system with water
diverted frdm.the:centtal system and it was economically disadvanta~
geous to dlvert water from the central system to the separate system

- far dway. As a resulL the poqslblllty of qupplying Nong Khaem near

Thon Burl w:th water dlverted from the central system was studied,



2-3-2 Limit of Reviewing Work of the Central System :

Nobody would refute that the water supply project in Nong
Khaem will be a poor investment, if the water works there w111 not.
rely on the central system for a water supply It must be ‘also &
fact that other dlqtrlcts to be. covered by the eepalate system were
toneldeled in the same way as Nong Khaem. | However, the scope of work
agreed on between M.W.W.A. and J.T.C.A. sets a certaln limit on the
review of the central system and w1ll in principle not permit any
31gn1flcant changes in the detail design of the central system as
made by C.D.M., U.S. consultant, and at the expense of a great deal of

time and money.

The basic plan of the central system generally3consiets'of
taking raw water from more than one water source, producing purified
water in Bang Khen treatment plant (final planned capaeity ¢ 4,800,000
CMD) and the two existing treatment plants (Sam Sen treatment plant
with a present capac1ty of 680,000 CMD and Thon Buri treatment plant

- with a present capacity of 170,000 CMD). In 2000 the existing treatment
plant, Sam Sen and Thon Buri, will directly supply water to the served
area, and Bang Khen treatment plant will supply water to 13 service
reservoirs through underground transmission line, with a treatment

capacity of 5,422,000 CMD. in total.

When the diversion of water from the central system is
considered, Bang Khen treatment plant acquires importance as a plant
which will have a direct relationship with the separate system.
Accordiegly, the review of the central system will be mainly concerned
with Bang Khen treatment plant. However, the scope of work does
‘not in principle permit reviewing the facilities forward of the.

treatment plant.

Since the review of the central system is limited to only
Bang Khen treatment'plant'and the facilities, downstream from that
plant the approx1mate capacity of Bang Khen treatment plant, the
transm1551on lines ‘and the capacity of the: service reservoirs will

be the’ matters which may be reviewed in Lh13 fea51bi]ity study

_ The conerucLion schedule’ of the Lentral system lecontrly
revised in March 1977 now prov1des for a staged construction schedule

50 as, to {ncrease its capac1ty by 800,000 CMD in 1979, 400,000 CMD in



1481, 1,200,000 oMb in 1985, 1,200;000 CMD in 1990 and 1,200,000 CMD

in 1995 as shown in Table 2-3. This plan is related to the production
capdcity of Bang Khen tfeatment plant and its capacity expansion through

tho second srage or through 1985 1s a questlon at issue. As has been meéntion-
ed thls reVJPW of Lhe cenLlal system in relation to the separate system
shduld be l;mlted_thLhe portion of the water supply project to be
implementéd_after-the seéond stage; thus, this feasibility'study report

will deal with the sedimentation basin,‘filter basin and ancillary
fécilitiés for Bang Khen treatment plant and the transmission lines.

These lines are indicated by dash lines and the service reservoirs

are indicated by shaded. boxes in Fig. 2-3.
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2~ 3~ 3. Considerations for the CenLral System :

The water demand oni the centYal system will be reviewed by
assuming two cases as follows
(A) The total demand on the separate system is added to that
- of the cenLral_system.
.(B)'The.tOtal'demand'On:the sepafate.System'mlnus'an amount for
groundwater-‘supply (for 8 Amphoes ekcluding Nong Khaem and

the Bang Chan) is ddded to that of the central system.

© Case  (A): assumes that the central and separdte systems will be
-_integrated into one system in Lhe future whereas case (B) is a more
practlcal proposltlon Wthh assumes that groundwater, if available

and fit for use will be used where possible and in preference to

‘other watcr sources.
The_estlmated'water demands on the central and separate systems

afe_showh:in Table'Z—lé'

Iable 2-1 WATER DEMAND ON CENTRAL AND SEPARATE SYSTEMS

| ~ (CMD)
13 o | Ce Separate System Total

R Year(AD) entr.al-- p_ 4 _ — N

Stage: . System 1y B) Case{n) | CaselB)
Présent. 41977 | 1,514,000 — C 1,514,000 | 1,514,000

= N L —] ——
Ist Stage Phase 1| 1979 - | L639,000| - — ] — | 1,639,000} 1,639,000
15t Stage Phase 2| 1981 | 1.810,000| '77080| 58020 1.887980| 1,868020
2nd Stage | 1985 | 2359000] 120040| 96240 | 2479,040 | 2455240
3 rd Stage - | 1990 2985000 182450 ] 152850 3,167.450 | 3,137,850
Final Stage 1995 | 3749000 219750 | 183850 | 3968750 | 3932850
2000 | 4698000 249550 | 206,650 | 4,947,550 ) 4,904,650

_ lable 2- Z shows the total water demand of the central system and the
water supply capacity ffom San Sen, Thonburl and Bang Khen treatment plants,

and from wells serving the central sysLem area.

Table 2-3 shows the water production capacity of Bang Khen treatment
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plant and the water demand in the central "and sépafaté.syStem areas’

in which water is supplied from Bang Khen treatment'plantj

Table 2-2

WATER DEMAND TN CENTRAL SYSTEM COVERED
BY WELL & WATER TREATMENT PLANT

-~ (CMD)

Item

Stage’

Year
(AD)

Water -

- Demand

well & Water Tfeatmen

trPlant

Sam Sen &
Thonburi
W, T, P

g Groundwater .

‘Bang Khen

W.T.Pe

lst.Stagé
Phase 1 -

S 1979

1,639,000

822,000

532,000

285,000

lst Stage

1981,

1,810,000

822,000 |

'448;600

540,000

Phase 2

1982

1,927,000

822,000

404,000

. 701,000

2nd Stage

11985

2,359,000

822,000

294,000

1,243,000

3rd Stage

1990

© 2,985,000

622,000

0

2,363,000

Final Stage

1995

3,749,000

622,000 -

0

3,127,000

2000

4,698,000

622,000

4,076,000

Table 2-3

WATER DEMAND IN AREAS SERVED

BY BANG KHEN WATER TREATMENT PLANT

(CMDj

Item s
Stage .

Year -
- (AD)Y

W.T.P. -

Central

‘Separate

System

g Tdtal'

1977

. Capacity

'.Systém B

_Preséﬁt j.i - _ - - -
‘st Stage Phase 1 | 1979 © 800,000 { 285,000 - | 285,000

'1st'3tage Pﬁaéé 2

.1981 s

1,200,000 |-

560,000 |

1. 540,000

| 2nd Stage

1985

2,400,000

1,243,000

96,240 |

1,339,240

o -:3r_d'St'a1ge '

1990 -

3,600,000

2,363,000

152,850

2,515,850

Finél?SfagG

1995

4,800,000

3,127,000

183,850,

3,310,850

4,800,000

4,076,000

206,650

4,282,650
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As far as ]udged from fable 2 3 Baug Khen treatment plant
(final planned capacity 4, 800 000, CMD) can- fill not ‘only the demand
on the ceutral system but the demand on the separate system, and
its main facilitles (clarlfler, rapld sand filter and clear-water
reselvoir) need no modlflcatlon tao flll the demand on the separato

_system as “well.

As Lhe ve10c1Ly of water flow 1n the plpes 1n 2000 is estimated
to be'2 O m/sec the planned transm1551on llne will not. pose any problem
.from a hydraullc point of view. However Lhe transmission pump will
need some spec1f1catlon changes in: oxder to cope with an 1ncrease in-

the water flow rate and a resultlng increase in the head loss.

If the separate system turns to the central system for its
water supply,'water might be dlverted from the - central system in the
flrst stage of " constructlon to supply the right bank area of the Chao
Phraya river and in the second stage to supply the left bank area.
On the rlght bank the constructlon periods of the central and
Separate systems can be e3511y matched, since water will be diverted
from® the centtal_system in its first stage of construction, whereas the
detaii”design sf the. central system of second stage for the left bank has
not yet been undertaken It appears desirable thatrthe detail design for
the- 1eft bank systems be.developed as early as poss;ble 50 as to match

the coneructlon perlods of both the central and separate systems

,if'it'is'feasible to diVert water from.the central system
to'fiil the‘denand on7the:separate system, the plan to rely on it
will be fdr more advantageous, both economlcally and technically,
Lhan the plan to tap an 1ndependent source of surface water for
the separate system.‘ To conflrm the fe351b111ty of the former plan,
.1L is necessary to closely ‘serutize the plan of the entire central
system. However, as’ mentloned ear11e1 a detalled review of the
-central system cannot be nndertaken unless and unt11 M.W.W. A, decides
.off1c1ally Lo depend on the central system’ to fill the demand on the
_Separate system and formally undertakes a more current review of

the wholc central system..
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2-3~4 Water Source of the Central System :

Since the separate system accounts for only 5 % or so of the
central system, it may not be realistie to diséu35 the'watei source of
the central system even -if the separate system is to rely on the

central system for water.

However, there is only 25 m3/sec or 2s160}000ﬁ¢MDe0f water
exists in the flow of Chao thaya river for the purpdse of .
water supply (See Note 1). As is clear from Table 2-1, this
water source cannot £ill the demand later than 1981; that is, the '

first stage.

On the other hand, the Nakhon Chai- 61 rlver, whlch cuuld
supply the service area of the separate system on rhe rlght bank of _
the Chao Phraya river, if developed, is a tributary of the Chao Phreya
river. And, it is :eperted-that'RiD has a plan to limit the_amdunt of
water withdrawn from the Chao ?hraya river to 50 m3/sec, and this to be
allocated as 30 m3/sec to prevent the intrusion of sea water intp the

resource and the remainding 20 m3/sec te supply the coﬁmunity.

The demand for surface water in 2000 is expected to be such
that it capnot be filled unless water is taken at a rate of 70 m3/SLc.
Even if water can be taken from the Chao Phraya river at a rate of.
25 m3/sec and from the Nakhon Chai Si river at a rate of 20'm3fsec,
there_will still be a supplj'shqrtage'of 25 m3/sec. There are plans
to develop such water sources as the Rwae Yai river aboet 150 km west
of Bangkok and the Pasak river which is a medium tribufary'of the _
Chao Phruya river in order to make goed the supply shortage. .The plan
to develop the KweeeYai river seems impractical as water must be
carried over a -long distance by an aqueduct or through use ef the existimff
agricultural channel The plan to tap the Pasak river, on the other -
hand, also needs a long. distance ‘1f water 1is to be carrled directly

from the dam, but this plan will be relatively easier te implement if

the existing chaﬁnel-is.utiiized. (See-Fig- 2.4).

waevei these dovelopment plans are under the Jur1sdic110n of
other enterprises 5uch as Electricity Generating AuLh011ty of Thailand,
:'and-the government-such the Royal Irrigation Department; and reckoning

_with these as new water sources presupposes prior agreement with such
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an enterprise or government agency.

* NOTE 1

¥
I

Contrary to the hope that the water flow rate of

the Chdo Phraya river near its mouth would increase
to 120 m3/$ec when the Sirikit Dam was completed, a
recent survey taken by R.T.D. indicates that its _
water.flcw.rate near the mouth will be .only 85 m3/sec.
When the flow rate of 60 m3/sec required to prevent
the iﬁtrusion of saline water into the river is

considered, the central system cannot take more water

from this river than at a rate of 25 m3/sec.
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Fig. 24 @ PROPOSED DEVELOPING PLAN FOR
: WATER SOURCE OF CENTRAL SYSTEM
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9.4 Pfdposéd Plan of Separate System

2-4-1 Specifications
(1) Planned'Servicé'Areas :
-l)i Amphoes':
Right 'Bénk' : -4 Amphoes
Léft Bank " : 5 Amphoes 9 Amphoes
2y Adjacent Developmeut_Aréas
Righﬁ'Bank : 1 Developument Program
Left Bank : 7 Development Prdgrams'
(2) Térget'YEar : 2000 AD (Start to Supplying at 1982)
(3) Size.of Areas
': ,AdministrétiverArea (9 Amphoeé) : 1,553 Km?Z
" Served Area . (9 Amphoes) : 168 Km2
(4) Population (At 2000 AD) : |
' T ‘ . ' Q'Amphoes Devélopment Program Total(person)
Administrative Area : 694,629 295,496 990,125

‘Served Area 363,900 442,006 805,906
Population Served : 273,725 442,006 715,731

(5) Water Demand (Maximum Daily Water Demand)

9 Amphoes @ | - 77,800 CMD _ Total
8 Development Programs ' 171,759, CMD 249,550 CMD

(6) Water Sources (At 2000 AD)

- Well : 42,900, GMD

7 o Total 249,550 CMD
Central System : 206,650 CMD
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(7) Daily Water Demand per Capita_(At

2000 -AD)

. District:

Ttem —l

-

Nong Khaem

8 Amphoes

'(Uniﬁ':ZLiters{per'day)

(excluding Nong.Khaém)

Avefage-Dailj _
Water Demand per Capita :

Maximum_ﬁaily;
Water Demand per Capita :

Maximum Hourly
Water Demand per Capita @

200. .
300

450

147
220

330

(8) Water Demand in Accordance with Served Area (At ZOQOIAD):

(CMD)
= ~ District R Others - Sub“3- Adjacent A
' \\\\\\&;\ 9 Amphoes| (Such as Total ngelopment-_;Total

ltem e o Klong Dan)| | Area A
Average Daily Water | ,q gg7 | . 5 900 51,867 - -
Demand per Caplta. _ . ' _ '
Maximum Daily Water ) gg 954 8,850  |.77,800] 171,750 - | 249,550
Demand per Capita o : . : - o
Maximum' HOrly'Water 103;4251 13’275 _ 116;706 P ~ -
~Demand per Capita _ . : _ .




2—442"Comparison offAiternative Pians;
which spreads ‘far’ and wide around Bangkok This served area is
_divlslble 1nto “two. types of dlstrlcts. one-belng the Amphoe town' which

has a 1ong hlstory as a community, and the other where housing and

1ndust11a1 development prOJecLs are belng planned

It ch]efly depends on the water source whether Lhrs service
ﬂarea can be supplied w1th clear enough amount and 1nexpenslve water.
The water sources con81dered for the separate system 1nclude ground
water,'surface water (1lver and Klong) and water dlverted from the
hcentral system, but each source has {ts own advantages and' dlsadvantages.-
The serv1oe area of the separate system was divided into the rlght and
left banks of the Chao Phraya river and six alternathe cases for each
bank were con51dered S0 as to make an optlmum,chOLCe among the water

sources. -

. The" rough estimatlons of Basic constructlon cost of all the
'alternatlve cases considered .are shown in Tabre 2-4.  The least costly

comblnatlon lSw?? follows-:.(See Table AfS)

" Right bank : Case 4 = 406,936,000 B -
Left bank' : . Case 5 847,725,000 ¥
_;T_ot:a_l - =1,2_54,661‘,000 ¥

If the above were the oh01ces made, the water ‘sources would be wells

and the central system for both the right and left banks.

_ Slnce M V.. A has no. water rlghts to the Klongs and rivers,
fthe wells and oentra] system are the only ‘water sourees that M.W.W.A.
has powers to decide to Lap Ain order to’ f111 the demand on the separate
system, The above least expen51ve plan is therefore within' the power

of M.W.W.A.

However, if- waLer can be taken from a water Lreatment plant of
Lhe central system, it is necessary to adgust the Bas1c construction

schodule ‘of the central svstem and review 1ts facilities. The prellminary

lnvestment required to do g0 and the increase in Basic Lonstruction cost
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arising from the modification of the transmission system are not -
included in the estimations stated above.

The a}ternative plans which take second andsthird rank in .
terms of ‘Basic construction cost are '_

ond plan - h 1,401,817 x 103 ¥

3rd pian I 1,445,787 x 103 ¢

The B381c conerucLlon costs of these plans are only 12 to 15% more

than Lhe flrst least expenslve plang and these plans, wh1ch assume

dependence upon the cenrral system for 100 % or at least more than
50 % of the separate system water supply can be said to be relatlvely

low in cost ko 1mplsment

The remaining alternative plans rank in cost as follows:

4th plan 1,795,053 X 103 |4
Sth  plan 2,635,044 x 103 B
6th plan _ 2,790,309 x 103 ¥

Any plan to tap the river and Klong is very expensive to implement, :
and the Basic construction cost for the plans to tap these water sources
is 1.4 to 2.2 times as high as that for the plans to divert water from

the central system.

In short, the plan to rely on the central system in large
measure is eéqnomically advantageous, and the plan to supply ground
water and water diverted from the central system can he considered

an optimum and feasible one.

- However, when ths plan to dlvert water from Lhe central system
is to be adopted 1t will be necessary to ‘make a prlor review of its
fac111ties respectlve to the stages of Basic. constructlon design and

plaunlng
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Table 2-5 ALTERNATIVES OF SEPARATE SYSTEM

Basic

Percen-

. \S1C o | Percens
Grade Case COI_I_SCE)%%CEIOH ta_':ge ‘4322;D§01f1ges ' tag? 7
) __ | @
Right Bank - 4 | 406,936 Well 42,900 17.2
1 |Left Bank - 5 847,725 Centfalfzde,éso © 82.8
Total 1254661 100
Right Bank - 6 '481,017 R
2 |Lleft Bank - 6 920,800. Cengfal 249,556 100
"thél 1,40;,81;m_ 112 |
Right_ﬁank -5 489,3?2 wéli R 31,800 ;'12,8
3 |Left Bank - 3 | 955?415 Klong  62,450]  25.0
Totai 1,445,787 115 | cencral 155,300 ~62.2
- |Right Bank - 1 735,302 well 11,100 4.4
, |Left Bank - é] 1,059,751 | 'Rivef as;éoo “ 18.2
' Total, 1,795,053 143 |xlong  77,350| 31.0
| Central 11:’.5;800 46.4
VRight’Bank -2 | 873,660 Well 31.800|  12.7
5 '-Léft Baok - i, .1,761,384_ ﬁiver 56,400| 22.6
Total 2,635;044 - 210 | Klong 161,350 64,7
| ': Right Bank - 3 882,309 |
3 :Left'Bénk,f.Z | 71,908,Qdo= Klong 249,550 100
fotal _2*‘.’_7_90;3:0? 222
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93 Feasible Planstand'Their Order of friority :

M W.W. A will ‘have to invest an”immense amount of money and a
great deal of time in order to Comp]ete the central system as is
presently being undertaken. The key to the successfu] 3mp]ementat10n
of the separate: system project in parallel w1th ‘the construction of
the tentral system would be to mlnlmize the first cost of the separate
system. In additlon to f1nanc1ng, M.W.W. A._must also solve the
problem of water source; but flndlng a suitable water source is not

totally 1nm0551ble.

In the light of this way of 1ook1ng at thlS question, the plan :
to supply groundwater to the 8 Amphoes should be dlscussed first of all.
The separate system is requlred to: supply not only ‘the 8 Amphoes but also
Nong Khaem and the- adjacent development area where housrng and industrial
development pro;ects are planned. There is noisource of groundwater
to tap. 1n the dlstrlct of Nong Khaem. Therefore the adjacent development
ared cannot p0531b1y be. supplled water-as early as required amount. The

'budget and- water ‘sources. being limited, the order of priority should
be eStablisbed in the supply of water., If thlS principle is to be
respected,” Lhe groundwater ‘supply system to the 8 Amphoes shall be an
emergency program which' could be initiated immediately and most

expeditiously carried out.

_ As p01nted ‘out in the foreword the plan to supply groundwater
to the 8 Amphoes does requrre further survey before it can be under-

‘taken but in Splte of that, it can be considered most feasible.

: _ On Lhe oLher hand to 1mp1ement a long~term comprehensive
Water_supply prOJect to cover not only the 8 Amphoes but also Nong

Knaem and’ the ad1acent development area, an 1nvestrgat10n required to
study the pOSSiblllLy of diverting water from the central system should be
carried out in’ parallel with the survey for the emergency - program.

'As the diversron of water From the centtal system can be decided by

M. . W, A and at its own’ dlscretlon without being consulted by other
government agencres or authorltles, it would take relatively little
.'Lime to put 1Ls decis:ons into action. ‘As the survey and data analysis
required to Srudy ‘the pOSSIblllty of divertlng water from the central

System ghould be carried out by”eonsulting the existing data along with
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the prdgress:of the construction work of the central system, it is
recommended that the survey and analYticel work be undertakeﬁ=not on a
consultant basis but on an expert basis, because experts would be

usually able to stay in Thailand for a longer‘period_of_time.

'If the diversion of water from the pentrel_syStem is found
not -to be feaeible, exploration'shodld'be'sterted immediatelﬁzin _
order to find a new source of surface water., Siﬁce"tﬁis_exploration
cannot be made without prior epnsent‘with otheragoverﬁﬁentIagencies
or authorities, necessary agreement should be obtaihed-among the parties
concerned. -Ag it seems 1ikely that.the explorétion for a new source
of surface water Wlll chlefly consist of Lonsulting the ‘information
and data whlch other government agency or authorltles have accumulated

experts will lead the exploratlon.
The procedure fcr'arrivihg at an optimum and feesible plen_of
a water supply is clearly shown in the flow chart of separate system

‘project implemehtation as shown in Fig. 2-5, following herein. In:sqm,the

order of priority of the feasible plans discussed above is as'fqllows;
1)} Plan to carry groundwater to the 8 Amphdes}
2) Plan to divert water from the central system; and

3) Plan to tap a new source of surface water.

On the ether hand' the pr10r1L1es respeclee to the existlng 9

Amphoes are as summar17ed under Table 2-6,

As shown, Amphoes Nong Khaem is considered to require first priority
for the implementation of the water supp]y, and by reason of fact that
The Phra reserv01r which belongs to the central system, is being planned

as a water source for thlS dletrict.

: Therefore, Amphoe Nong Khaem is required to be eatabllshed by
d1vert1ng water from the eentral system ahead of other served areas ‘which

'_are:aleo_planned to be served by dlvertlng water from the central system.

: The constructlon cost of" the optimum and feqslble plan is as shown;

in Table 2~ 7 and 2- 8. The_f;nanelal-schedule of which is described in

Z - 25



détail'in'Sec; 8-2, and its contents is summarized as follows.

1) When the existing water charge (2.0 B/m3) will never
he raised in future, the balancing fyear_S of accumulated income a
expenditure are all far beyond YQar j"200=0._

2): " When the existing charge will be hopefully raised in
future'a_nd in the most _édvahta'?,éoi_:s {inancial condition, the

palancing years are shown below.

nd

Wa Ler S Gd}ie'rnm'ent — — Bank OEC.'F ' Balancing

(();r;;%i;» Cas.e. No- 'F_u_n(_l (%) ) Loan_ (%) Interest@) Term of Loan| Year (AD)
‘_;T 38 50 - 50.6 3.25 {25 Years 7Beyond' 2030
3.0 -39 " n " L 2026
3.5 a0 ] " " R 2011




Fig. 2-5  FLOW CHART OF FUTURE STUDY IMPLEMENTATION
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"Table 2-7

RSTIMATED CONSTRUCTION COST FOR SEPARATE

SYSTEM.

(At 2000 AD)

%9 Ampﬁoés

*

Warer Source 'Waée%'Deménd 1 .Coustrﬁction Cbét  .Reharksf,: ]
| Warer So (@) ® ks
well 42,900 413,953,000 | (20, 697 650 §) |
| Central Syscen 206,650 | 1,048,465,000 | (52, 493 250 $)‘
 Total 209,550 | 1,462,418,000 | (73,120,900 $)
83,100 7._:;;Z§;j80,060 (37,319,000 §) }

Includlng Constructlon Cost for. Bang Khun Thlan
Water Supply System

229
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CHAPTER 3 ESTIMATION OF WATER DEMAND






CHAPTER 3.

ESTIMATION OF WATER DEMAND

3-1 'General

: Prellmlnary to the plannlng of any water supply pro;ect it is
: necessary to estlmate the amount of water that is requ1red The
'estlmatlon of water demand prov1des a ba51s for determ1n1ng the type
and scale of Lhe water source and dlstrlbutlon fac1llt1es and design-

ing the construction, finan01ng and other plans.

Water demand may be estlmated in ‘many ways, but An any.case an
approprlate ch01te 15 made among Lhem eccordlng to the result of
:analy81s of the water demand structure. The structure of water
'demand dlffers as a matter of course from one dlstrlet to an other
'and is slgnlflcantly 1nfluenced by the reglonal development of each

'distrlct and the varlous plans for 1ts future development.

Demand foreeastlng 1s generally done by a statlstlcal method
' based upon uata obtalned Lrom paet records But, if such data is not

avallable; the record data of a comparable diétrict is utilized.

_ In the present sLudy, the 1nformat10n contalned in the ''Feasibil-
;1ty Srudy Report on the Greater Bangkok Water Supply Project',prepared
by the Japanese survey Leam 1n 1973 was reV1ewed and together .with
necessary addltlons and correctlons made by u81ng up to-date infor-
matlon whlch was collected durlng a fleld survey of the project ‘area
which was carried out in. a later year. On the basis of such 1nforw
matlon the baszc plan of water supply of each Amphoe w1ll be determined,
and the total water demand of all Amphoes o be served and the develop~

1ng env1rons of metropolltan Bangkok w111 be estlmated

-:The-flow chart for estlmatlon of water demand is shown in Fig. 3-1.
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3-2 Bas1c Planning of Separate System Water uupply Project of
fach Amphoe

T

3-2-1 FsLimatlon oE Populatlone of Admlnlstrat1ve DLquchs,
(1) MLLhods of Populatlon Estimation:

 :The niﬁe'Amphoes which will be served by the eeparate
water supply system in MoLropoliLan Bangkok show linear development
along the Klongs which draln ‘the metropolltan area llke a network,
in. recent years, howevet there has been a marked tendency of people
to move outl of the: almost saturated meonpolitan area into the euburban

dlstrlcts,'ae roads have been built into a systematic network.

_ Along with the shift of pbpﬁlation into the suburban
dlstllcts, large—scale suburban: development planq (such as ‘is carried
out in Lat Krabang) have been orgdnlzed on. the one hand and on the
other not 11near but radial development ‘is taking place as in Nong
Khaem}‘ Therefore, populatlon forecastlng should not be based on the
trend in population growth in years past alone, but such a new tyﬁe
of :eglonal development as mentioned above should also enfer into the
estimation:of:futﬁre:pepuiation.

The population of the served area is geﬁerélly estimated
by . forecasting the future popplation in the corresponding adminis-
trative district on the basis of enumerations made in yeats past.

In this study, however, the served area of all Amphoeés but Nong Khaem
‘are expected to be very small as compared with the administrative

districts so that the above usual method is of mno practical use.

As the populations of the administrative districts ave
the only data giVen'by the city authority, the population of Nong.
Khaem, the sole Amplioe in which the administrative district ehﬂ.
served area have about the same area, will be estimated aecotding'to
the flow chart'sh0wn in Fig. 3~2 in this etudy.. Tﬁe populatidne of
other Amphoes will be estimated by forecasting the populat1on dens1ty
of the served district in each Amphoe, which will be deLeLmlned on
~the basis of the population denslty of Nong Khaem in 2000 in

consideration of the characteristics of each Amphoe.



Fig. 3-2 ¥LOW CHART wR FSTTMA’lIO'\! OF THE POPULATION
"~ OF THE ADMINISTRATIVE DISTRICT
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(2) Popdldtidn.of Adninistrative District of Amphoe Nong
Khiaem : ' '
D Fstimatlon of Population.

The Amphoe of Nong Khaem is located ‘about 15 km west
of the. center of metropolitan Bangkok, and NaLional Highway No. 4
runs through the centey of Nong Khaem. The geoglaphic COUdltiOnS of
“this Amphoe féﬁbf'its-ﬂeveldpment ds. a satellite city of-Greater |
Bangkok in Ehe_futqre and this Aﬁphoé:diffets from others in that
development is tékihg pléce in all directions as roads have been
builtaihto a systématic network, whereas in other Amphoes people
generally 11ve relatively close to: the Klongs- In the case
of satelllteb of big- ciLieS, 1t is dlfflcult to estimate their future
populatlons from only the ‘trend in the population growth in years
past. - In. thlu study, therefore, ‘the population of a particular
Amphoe for the year in questlon will be estimated by the trend
methods whlch use the past data and its future populatlon will be
'estlmated by~ consulLlng the past data of comparable satellite cities
‘of a big clty. The population enumerations taken in Nong Khaem in

'yeatrs pasgt are shown in Table 3-1.



Table 3-1 PAST POPULATION DATA

Population

- Therease. -

Tncreasing Ratdoe

A*AYéar (AD) (Petgon) ' (Pefson) (%)
1966 _i?,ooo . -
“”;;;;“ '”_1?;§§3 . o 073 :_s;j

1968 19,521 +i;543 8[6;

1;69 20,489 +o968 5.0

1976 22,374 . 11,885 9.2

1971 24,836 42,462 ?_il;b

1972  _25,§?1 Ti 835- 3.4

1§73 28,679 | +3,008“ | 11.7 | N
1974 30,519 +1,840 6.4

1975 32,308 - +1,729 5.9

1976 36,015 +1,707 5.3

Average : ?fZ




2): Populatlon Estimation Based on Past Data:

_ The trend meLhod which i employed in the population
cstlmaticn has four types‘ geometric progresslon method, logistic
“curve meLhod, power curve method and least square meLhod The -
fuLure population of Nong Khaem which were ebtlmated by the four

types of Frend method are preqented in Table 3- 2

When- the logistlc curve mcthod was employed the
saturéted'poﬁulatlon (K) was assumed to be 7,000 persons/kmZ from the

data of the compérablc'citlés:(Fig; 3-3).

Table 3-2  RESULT OF ESTIMATION

Method | 'Egﬁimgtggappguldﬁioh'

Least Square_'PcWer Funcﬁon_chisliéthhod. Geometric

' Y(GEI;) ¥ B.x + bl y=yolAx® - ,j'y_':_ﬂ_"l_TfeS;;f—"—'"bl_x' y=yo (1-4r)¥X

1980 | . 40815 | 43533 | . 456409 14,890
1988 | 49,_6'82= 3”-_55866’ 63363 63,499
}Qéc'::l: 5&550-fl l69047f 85929 89,820
1995 | . _61&17_ “ 82038 | 113221 | 127053
2000 | = 76285 -9i443l'. 144,223 179,719

3 Populatlon Estimation by Analogy to Comparable.

Japanese Cities.

_ _ The estimatloﬂ of future'populéfion'based on the trend
in years past may bc qultc tn accuracy, if the ¢ity being considered
is located near ‘a big city- ~stch as one of the nine Amphoes respective
to Bangkok—as the population growth of such a smaller or sub-—-city can
be. signlficantly affected by the development of the big ciLy. Thus ,-
'iu efforts to account for such circumstance, the changeq in the
average population density. of qeveral comparable cities of Japan in

years pasL were invcsLigaLed and the daLa thus obtalned was used to



estimate the populatlon of Amphoe Nong Khaem in years ahead by

analogy to the comparable cities of Japan.

The changes in Lht population den51ty of b1g c1L1es
of Japan and the satellite cities of Tokyo in y81IS past are shown in
Fig. 3-3. VFig. 3—4-shows the relative locations o£ the satellite
cities of Tokyo. As is'c1ear from Fig. 3-3, the pdpulatibﬁs_haﬁé-
already ceased to grdw in such big cities as Tokyo and Osaka for
several yéérs. The number of residents in.the heart of surh blg
cities ig even showing a Lendency to decline.  In Lhelr satellltcs,
on the other hand, the population has been increasing in a sharp
curve, spreéding radially so that the satellites are forming second

nuclei in the areas surrounding the big cities.

In some newer Satellite'areas the population is still
growing rapidly, while in others the population is nearing Saturapidn.
' In this study the cities with the_poﬁulétioh-nearing satufatioﬁ vere
selected as samples and their futdre population density was estimated

by the logistic curve methdd, as shown in Figs. 3-5 and 3-6.

As will be discussed later, the administrative
district of Amphoe Nong Khaem will be the same as its served area.
Therefore, the method of'populatibn estimé;idn which uses the énume~
rations taken in the comparable cities in other countries for yeafs
past will furnish very reliable figures for Nong Khaem. Accardingly,
four Japanese cities whose growﬁh pattern of'popﬁlation densities :
bear a close resemblance to therhreseni counterpart of Nong Khaem

were selected and their present population densities wefe'épplied

to the curve for estimating the future population density of Nong
Khaem, The‘estimations obtained by analogy to the Japanese cities are
shown in Table 3-3 and compared with the estimations based on the past

data.in Table 3-4 and Fig. 3-7.
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Fig. 3-4  LOCATION OF SURROUNDING CUTTES OF TOKYO

Scale
1/500,000

AOY HATOGAYA™Y,
KAHAGUCH
L 4

0 _ . o
1(5) esouka(R

TCHIKAUAXE)

KOGANE e/
B - -

IVA SITTA

o
TACHIK

YOROH}



n.o.4v WY A
0007  S66T 0661 = S86T 0861  SL6T
| |

i
ooz | ce61

I
T | 0661, S86T, 086T | SI6T
T il J [ m _ m _
0007 0661 0861 0L61 0961 | losst |1 lover | jogeT  szer
T A . Tt i Fl

|
m >
: <
n =
g 2
| g
! =
U =
| M _5
% | 0009 %
= 000°L ~
_ o ~
! - )
% 000°8 T

|

*f ~ Jcooot

OAMOL 30 SEILID HNIQNQCEUNS IV NOILVWILSH ALLSNIT NOILVIAL0d F¥nind  6-£ "ST14

j- 11



(g V) u¥vis

0007 - S66T (66T - -S86T - 0B6T ~ GL6T

OAMOL 20 SEILIO ONIGNAOWENS IV NOILYWILSE ALISNAQ NOILVINGOd WALAL 9~ *BTd -

AV

I HOL.LVINdOd HovAz

r
&

(W7 d) ALISN

3 =012



o

0€6°ZYE ] . 00T°L 0SE° 11T 005 % 0%z ceT co8‘z 050 69T gos‘e 0007

- 05959z, 006°¢ 012°84T 00L°€ 0974901 00Z°2 0T% 0ET 004 T c66T

- 0L£°88T 006°¢ CT%° 08T 00L°2 0TT 78 00T 009°96 0002 0661

0Z6°STI 007°z 0%6°98 . 008°T 06L5T9 00€°T | 029°49 00T ¢86T

06429 00E°T OETES | OOT'T | . 00£°8Y | 000°T | 00gsy 0001 0881

gosze | - 019 g0c‘ze | 049 gocze | 049 gocze | - oo BRI
(uos1ag) mdﬁmﬁmm Anomuwmu . Aatsueq | Aﬁﬂmnwmv m»wwﬁmm .nnomuwmv_ %.AWwaﬂomhmwv NG (@)
juoTaeTndog | mOﬁumHnmom uoT3eTRdog ﬂoﬂumﬁnmom _moﬂumﬂﬁ@om ﬁnﬂumﬁnaom._dowuwﬁﬂ&om.ﬁ, ﬁoawwmmwmm i .//X.ummw

O (1EN¥O0%) . @ Qmﬁﬁzm& C(UMNTEOT) Oﬁmumwgﬁv - ,
4 - 2d&r - = 9d4L N = 9d4y b T m&y A3TD

mmmmmh 1T mmduau nmaaﬁam g pesey) .
xmﬁﬁ wzoz mom% 40 JIVRIISH on,.mﬁ:mom £ mﬂo,mw

13



i

T

VoM MTH

ueder UT $9T3TS JIBTIWIS UD PesSEyg

vleQ 3IsB4 UO PESEY

1€ 10T 0°8 6°5 6°9 z'e  1ozo9 gy 7g  P3TIaaV |
. Ny . . I A . 1 ooz
776 0y 6 £°s ATEEEEE B i+ £¢ ST e
. S S . . . Mmmﬂ
. . : . . . e : .
€7 1t <9 £°g z'9 A | L L€ 62 | Ioger
e %)
_ . | . : : 066T oramy
AL 78 gs L A €9 £y g .mmmmﬁ_ Surseszour
. i . . . . e : . L $86T
9" 0°€T 7701 A 0L TL 89 T°S 07 | ZogeT
. . . .. . . - . : 0361
1y 991 81T 76 A A 9° 1 9 LY o et
000°0L | 066°zve| 0Se LTZ| 0T CET| 0S0769T | 6TL‘6LT | €TTiyvT] evvii6 | $8T°0L] 0002
- 059°69Z OTL*SLT| 097°90T, OTv 0ET | €S0°LTT | TTT'ETT| 8€6°28 | LTv°L9)  C66T
- 0L£°88T] 0T#0ET| OTT 28 009996 0z8°68 676°68 | L%0°69 | 0S5°8% 066T |. (uosiag)
: = , i — . _ —| ‘uoTaendeg
000°0§ | 0Z6°GTT| 07698 | 06L°Z9 | GZ9°L9 667°€9 €9€°€9 | 998°GS | 789°6%|  $86T| peIRWIISY
000707 | 060°79 | 0€T°¢S | ooggy | oogcay 06877 | 6Y9°Sh | €esEy | ST80%| . 0861
C@RTEA 000t e TO'%E | STO#E | GIO°WE |  STOHE ¢TI0 %€ ST0°7e | STO“wE | STO*we| - 9réTl
TenIO0V . . L . . ” I
TENYOO0Y [THSVEVIOA [VAVHTEOT) THDASYAYR | J1piouoss | - POUISK |UOTIOUAZ | oa®nbg (@) xesx
sy xemay UOTIEWIISY | #~-od4] g-a2dlriz - #dAy{ - °dLy| 7 21351807 xBmog | - 3ISEVT ~

WAVHY ONON F0HAWY Y04 NCOIIVWILSE HALIVNAELTV 40 TIEVI. -t 3TGRL

3 -4



Fig. 3-7 POPULATION'HSTIMATION OF AMPHOY NOWNG KIAEM
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&y Detéﬁmihetion”of'Future'Populatidn of Amphoe Nong Khaem:
_'The minimum estimated average annual rate of _
populatibn_groﬁth in'Amphoe_Nong Khaen is placed at 3.4 % and the
maximum increase rate at 10.1 %, aS'shown_in'Table 3%4. As Nonhg
Khaem hae a elose.geograﬁhic relationship with Greater Bangkok, it

was compared with a district which is included in Greater-Bangkok.

The average annual rates of populatlon gloth 1n all
the districts (Flg 3-8) are estlmated by" MWWA as shown 1n Table ' 3~ 5
This shows the average annual rate of populatlon growth for the whole
Greater Bangkok area at 2.9 %; and that for district E, 1nclud1ng '
.Nong Khaem, at about 3.0 %Z, and that for dlstrlct G (Samut Prakarn)
at 5.1 %.

The.estimated increase rate of 3.0 % foreNong'Khaem-
seems very conservative, as compared.with the minimum value of 3.4 %
obtained By several methods described earllier. When the:raees of
populatiéh increase obtained by other methods are taken into account,
it appears that greater accuracy can be attained in poﬁulation'
estimation by adopting a value close to the maximum increase rate

obtained for Samut Prakarn.

When-the'average annual rate of population increase
is decisively esfimated bY-the logistic method, using the'deta'of
the past vyears, 1t is 6.2 %. This result is very close to the.
average of 6.4 % of the corresponding values for Ichlkawa city (5. 9 %)
‘and Kawaguchl c1ty (6.9 /) cities which bear a close reésemblance to

Amphoe Nong Khaem

_ Slnce Amphoe Nong Khaem holde a good promise of
."becomlng one of the main satellltes of Bangkok it seems. reasonable

to expect that the population of thlq Amphoe w111 grow at an average

' annual rate of 6. O / or g0

_ Accordlngly,'the future pOUulatlon of Amphoe Nong
:Khaem was estimated by the logisLlc curve’ method, as . shown in

"Table 3 6

3.-16
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‘Table 3-5  POPULATION DENSITY IN GREAT BANGKOK

1976 (AD) 2000 (AD) - i

. i R - R K . . [ N ; . s Average

District Areg Population Popul?t}qn Population POpqlaFlon Increasing

(kme) Density - Density .

(1,000 (person/km?) (1,000 (person/km2)| Ratio |

Person) o Person) : (from 1974';

o : B to 2000 &

(&) 92.69| 2,062 | 22,246 2,970 | 32,042 1.53 7
®) 43,89 846 | 19,275 1,310 | 29,847 1.8
(@) 481,15 986 2,049 2,550 5,300 4. 04
®) 534 .45 130 243 330 617 3.96
®) 4G5.96 535 1,318 1,090 | 2,685 3,01
() 650.45 345 530 950 | 1,461 4.31
© | se0.28] 447 502 1,670 7 1,651 5.09
©+r®) |1,015.60] 1,116 1,099 2,880 2,836 4.03
(§)+(§)+(:) 1,108.291 3,178 2,867 5,850 5,278 2.58
(e+E) 449.85| 1,381 3,070 2,400 | 5,335 2.33
(:)~(:)Tota1 1,558.14| 4,559 2,926 8,250 5,295 2.50
(M)~(C)rotal) 3,098.87} 5,351 1,727 10,670 3,443 2.92
sai Not 216.66 28 129 40 185 $1.50
Bang Bua 114.59 37 323 70 611 2.69

Thong . - R

Bang Yai || 96,18} 31 322 40 416 1.07
Nong Khaem 48.28 34 704 70 1,450 3,05
‘Nonmg Chok . { 236.26} 47 199 60 254 1.02
Min Buri 174,33 47 270 80 459 2.2
Lat Krabang] 123.86 I 291 190 1,5% 7.18
‘Bang Phli || 323.88 70 216 270 834 5.79
Bang Bo 219.00| 61 279 250" 1,142 6.05

3 - 18
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3 - ?opdlatidn of Admihiéftativé:nistricts'nf:Other 8 Amphoes

1t is difficult to estimate the'populatiOn'of the
administrative dlStrlCtS of other 8- Amphoes, as various projecLe are -
planned thele. Furthtrmore,_the selved ‘area gr eatly differs 1n area
from the admlnlstrétive diétict; In this qtudy, Lherefoxe, 1mportancc
will be attached to the populdtlon estimation to be setved and
for the administrative districts only rough_estlmation made by an

ordinary method will be shown.

The estimation based on the past data prov1de the baSLC
values to start with. However, in con31derat10n of the fact that
development is going to take place in a new area, the_ba51c values
seem to be of importance as clues which indicate the future pépulation
of the served area. In this study, therefore, the éopulatibn of the

administrative districts will be estimated for three cases as follows:

1) Estimations based on the past data (logistic and least

square methods)

2) Eétimations from 1) to which is added the population
of adjacent development area covered by this study

(logistic and least square linear regression methods):
3) Estimations based on MWWA data :

These estimations were obtained through comparison with the
estimations made by the Bureqﬁ of Population Ceunsus and to.which was
added the pOpulatlon of adjacent development area, and flnally maklng
. corrections by way of the formula as followe‘

4C+ A+ B

Y = 3

wherein : A = estimatiom made by the arithmetic
progréssion method

B = estimation made by rhe geometric

“progression method

C ?_estlmaLlon made by the least square

method
The.esiimétions obpained_by the methods indicated above

“are preéehfeﬂ.in'Tébleé 3-7 and 3-8 and Figs. 3-9 through 3-16.

3 - 20
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Table 3-8  POPULATION ESTIMATE OF 8 AMPHOES  (WHOTE - AMPHOR)

: ) _ (Person).
Amphoe ) . _ ' : Min Bm;i .
%ﬁﬁﬂ&gﬁfﬁt %ast;séuare '(i)ogis'tic @ + @ m+® _M.'w.w.:\.
Year {AD) Program) ; : :Method T : ;
1976 - - — T ' = 47,000
1980 5,496 51,614 52,676 | 57,110 58,172 52,000
1985 - 5,496 57,301 60,280 62,797 65,776 60,000
1990 5,496 62,987 | 68,906 - 68,483 | 74,402 | -1
1995 5,496 68,674 78,668 74,170 84,164 | -
2000 5,496 74,360 89,686 . 79,856 95,182 | - 80,000 |
 Amphoe S : ‘ . Lat K'rabang :
%ﬁﬁzﬁg’iﬁﬁfs C?eqst Square (?o"gis_tié OERO) OREO) MALWAL |
_Year {AD) - Program) Me thod . S _
1976 - - -~ - - " 36,000 |
1980 13,640 18,877 39,602 | 52,517 53,242 50,000 |&
1985 56,665 42,962 44,977 | 109,627 |. 111,642 | 100,000 |
1990 130,000 47,047 51,028 177,047 181,028 . R
1995 " 190,000 51,132 57,826 241,132 247,826 -
2000 190,000 - 55,217 65,445 245,217 - 255,445 - 190,000 |°
Amphoe ) Bang Phili
®gigg g:)’LE '?east .Square C?ogistic (1_) + {5\ @ A+ @ MMLWLA,
Year ‘(AD) | (Devlejizz?z:)t Method : . :
1976 - - - - - 70,000
1980 20,000 75,382 | 76,451 95,382 96,451 | 100,000 |°
1985 - §. 60,000 82,272 -1 85,198 142,272 145,198 150,000 |5
1990 100,000 89,162 | 94,896 189,162 194,896 -
1995 100, 000 96,052 | 105,635 196,052 205,635 -
2000 . { _ 100,000 102,942 | 117,511 202,942 217,511 270,000
Amphoe § _ _‘ L ‘ o Bang Bo
_ (!%velopm_gnt ‘gzz)éést Square. '??dgistic . @ + @ @ + @
Year (AD) . .Program : CMethod | ” N
976 | - oo -
1980 - 63,355 | 63,618 | - - B
1985 - 66,695 | 67,400 - L T 0,000 |
1990 - 170,035 | 71,403 -
1995 4 - L 73,375 | 75,626 - -
2000y = - 76,715 | 80,081 - L

3 - 22
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3~2¥2:5Detarnination'of'ServedﬂArea':-f,
'f(i)f Assumptlons.d'”'

. The term served area refers to a d1strict in which service
plpes will have been lald by the target year.' The-served area should
be as large as p0591b1e to sérve as many people as poss1ble.

However, it w111 reduce the economle affect of ‘the water supply progect
in 1arge measure, if a rura] distrlcts or ones with a very sparse
populatlon are 1ncluded 1n the served area. The served area: should -
therefore be decided preclsely ln accord w1th the demands of each c1ty,
Laking inLo due conslderation the present populatlon density future

'reglonal development plans and geographlc condltlons of tne clLy.

'In plannlng the served areas of the 9 Amphoes the ut111~

and tributaries and the road condltionc

were 1mportant con51derations.- The vast - maJorlty of the populatron
hof each Amphoe 1lve"along the big Klongs and use Lhem as thelr
fprimary means of travel Almost all dlstrlct offlces are located near

the’ Klongs and around these small ‘towns have been formed

_ On the other hand not many houses have been built. along
the roads thus far but 1n due-tlme people w111-eventually gather near
'Lhe roads, especially 1n the suburban dlstrlcts of metropolltan Bangkok;
:Atcordlngly, 1n ant101patlon of a change 1n population dlstributlon
the way31de areas of both the existlng ‘and planned roads should be

1ncluded 1n the served area._'

thh the above considerations 1n mind the served area '

of thls water supply prOJect was decrded based upon the followrng

_condltions'

o ,1) The distrlct whlch has already been served in 1nc1uded
Cin the served area,-lf it is 1ocated by the Klong crogsing

'Lhe eenter of Lhe Amphoe and- is relatlvely densely populated

o ’d2) The dec1sion whether or not to include other dlStrlCtS
in Lhe served area {s based ‘upon consideration of the: relationship of

'the roads to the center of the Amphoe. d

3 = 31



3) The wayside district of‘big;rOads is in'prihciple‘
included in the served area to:hélp expand the_wayside zone  for living,
4) The.breadth'of the seﬁvéd zones along ;he'Khlbngs

and_rdads_is decided according to the'preéent population dénsity or

the widths of both the Klongs and roads.

The served areas of the 9 ‘Amphoes which were decided

according to the above criteria are shown in Table 3-9 and Fig. 3-17.

Table 3-9 SERVED AREA OF 9 AMPHOES °

2
: : (Km™)
:'\\ . Total Amphoe Amﬁﬁbé'Town. Served Arca o
Amphoe - . .
P (at 1977 AD) | (at 1969 AD)| (at 2000 AD)| - Remarks
Sai Noi 216.66 1.0 6
% . _ - : -
& | Bang Bua Thong 114.59 1.0, 18
| Bang Yai 96,18 1.7 _16
OH —_—
o
Nong Khaem *- 48.28 0.6 48.28 | Whole -Amphoe
N T R _ . e -
Nong Chok 236,26 0.8 18
Min Buri 174,33, 2.0 22
%! Lat Krabang 123.86 1.0 22
q
M .
» | Bang Phli- 3123.88 - 1.0 11
“Vi : : N . : o . - .
3| Bang Bo 219,00 3.0 7
Total - 1,553.04 12.1 168.28

3 - 31
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_(2)'

Served Area for Each Amphoe :

R

i)

ii)

‘Right Bank :

Sai Noi:

Amphoe $al Noi is a rural suburban district of

'metropolltan Bangkok where agriculture is the

”chief activity of the ‘people.

The Amphoe tobm is a small community which centers
around the dlstrlct officé. The greater part ol
the communlty people live by the Klong Phra
Phimon which 1eads to Bang Bua Thong: There is a
road which runs parallel to the Klong,

about l_km north and there are only but a few
hduées éioﬁg this road. .The served area of Amphoe
Séi‘Noilshould tharefore include all the inhabited
diétribtsfalong?thé:Klqng Phra Phimon and the

roadside district, as. the latter is expected to

develop as a zone for living in the years ahead

because the road is the socle route connecting with

the metropolitan area.

Bang Bua Thong:

Thé main inhabited districts of Amphoe Bang Bua
Thong, are the one extending along the Klong

from the 1nLersection of the Klong Phra Phimon
flowing from Sal Noi and the Klong Bang Bua Thong
and the Amphoe town whlch extends from the district
ofrlce 1ocated at the: river 1ntersect10n along the
road whlch prov1des communlcatlon between Sai Noi
and Bang Yai. Sparse’ populatlon is also sporadi-
cally distributed along Lhe small Klong

which JOlns the Klong. Bang Bua Thong

: Accordingly, the served area of Amphoe Bang Bua

Thong should include the Amphoe town and the
ngighboring distrlcts of the main Klong tribu-

taries and roads,

3~ 34



iii)

The Klong Bang Bua Thong is a ﬁfibutary of

.the'KIong which joins'thé Chao Phraya and a and

provides an important means of tranaportation for
the people living by the Klong Bang Bua 'lhonCr
and those 11Ving near Lhe small Klong, but the
population donsity in this district will in all

probébility inCréose in thé’futuré.. The served

_area‘of_this Amphoe_shOULd extensively cover the

reaches of this river up to the boundary of the

Amphoe.

Béng Yai:

The main inhabited district of Amphoé Bang'Yéi
extends along the Klong from the intersection
of the Klong .Ban_g'_Yai and the Mae Nam Om which

joins the Chao Phraya river.

The population is more or less uniformly distri-
buted along the gmall Klong tributaries of the
two main Klongs., ‘The district office is
located at their intersection and the road which
extends east from the district office divides
into two roads ab some distance from the district
office, one of which leads to Bang Bua Thong and

the other to Baﬁgkok.

'Thé_served'area of this Amohoe should therefore

consist of the Amphoe town, the districts along

'the'ﬁain Klongs and uniformly inhabited

dlstrlcts along the small Klong tributaries,

ZAL present people do not 1ive along the roads
..Whlch lead to Bang Bua Thong and Bangkok, but the
 ne1ghbor1ng distrlcts of these ‘roads were included

oin the served area of thia Amphoe, partly because

these roads provide communication routes. to

'wetropolitan Bangkok ‘Sai N01 and Bang Bua Thong,
and partly because these roadsidE-dlerchs are

~only short diotanoo‘from'metfopolitan Bangkok .
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iv) Noung Khaem:

The_inhabited disﬁrict:ofiAmphoe Nong Khaem
'*cpﬁsists of an aréa'whiph-extends along the
Kipﬁg Phasi Chafbeﬁ which flows through this
- Amphoe and a residential area which has been
devélbpéd ﬁbrth_of this Klong: aidng with the
: impfévement.bf the fdad network.
:Tﬁis”distfict'iéﬁhbout 7 sq.km in area and is
lnéar Thon Buri bf Bangkok éity. Furthermore,
Natioﬁai.ﬂighway‘ﬂo.'a which passes through the
‘center of this diéﬁrict'éffords easy access to
metrbpolitan'Bangkok. ~This district is now

being turned into a residential area.

Wbén“the geographical'limits of this district
:aud-the:pdﬁential 6f its socio—economic devel-
opment infthé yeérs ahead are taken into
cbnsideiatidn; the whole avea of this Amphoe

shquld be served.

2)  Left Bank:
i) HNong Chok:

" The man inhabited a);:ea of this Amphoe centers
a;opnd”the district office along the Klong Saen
" Saep, and all other inhabited district also

extend along this Klong.

The servéd aféa of this Amphoe should cover the
districts which are aéeessible from the road
which comnects the center of Nong Chok to that of
Lat Krabang; running across National Highway No.
304 which_runs from east to west on the south of

the.Kiqng Saen Saep and the Amphoe town.

At present there are but a few houses in the
"diStricts of neighboring the two roads, but they

.should be included in the served area as they
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hold good prowmise of'developing:ihtd'a residential

area.

The tributafiéS'of the'Kibngs, Klohg.KHut

Mai, Lam Phak Chi and Lam Khaek, are not big
Klongs and Lhe1e are not a lazge number of houqes
in these r1vers¢de dlstrlct However as the&e
districts also hold good promise of development

Lhey qhould be 1nc1uded in the served area.
ii) Min Buri;

The population_bf ﬁin Bﬁf% is concentrated in the
rivErsidé‘districts-bffthé Kloﬁg _Séeﬁ Saep and
Sam Wa. The'serVQd'aTEa of thi% Aﬂphoe Sﬁduld
'conalst of the districts developed along ‘these
'two Klongs arid the dlSLllCL developed along

" National nghway-N . 3119 which connects Lat
Krabang to Min Buri-and_National Highway No, 304

which runs east from Bangkok.

West of Che district office of Min Buri is a
tract wheré the two national highways cross two
big Klong tfibutaries. This tract should also
be served, as it is important as a point of
ICOmmunication'and is also but a short distance
from Bangkok.
iii) Lat-Krabéﬁg:
The served area of thlS Amphoe should con51st of
the- most densely pOpulated d1erict along the
:Kiong Phra Khanong, the roads1de dlerch of
the - read from Bangkok which runs east wagl and
: arallel to the Klong Phra Khanong, and:
.::Lhe districts neighborlng on National Highway
| 3119 leading Lo Min Burl, the . road leading _
'to Nong Chok . ‘and the Klong Sam, Si and Pla Thiv

'fiwhich run.north and -south.
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iv)

v}

- Lat Kfabang occupies a leading position among the

‘5 Amphoes which are_lééated in the left bank area

of'the Chao’ Phraya river, and there is a future

 p1§n'to build a"new'airport 6n the:South of the.

~Amphoe town in the future. Aécordingly, the

district neighboring‘on the road leading from
Bangkbk'should be included in ﬁhé‘served area all
the'WAy up to*thg boundary of the Amphoe.
Bang_Phli:

In this Amphoe, population is uniformly distri-
buted.along_tﬁe”smalll Klong tributary without
appreciable concentration, Also, houses are not

as highly concentrated around the district office

:aé'COmpa:ed to in other Amphoes. Therefore, the

served afea-df-tﬁis Amphoe should cover the

“districts alénngétiOnal Highway No. 34 which runs
‘east-west, the Klong Samrong which flows in front
of the district office, and National Highway

"Mo. 3202 which runs parallel to the Klong.

Houses are more or less regularly and uniformly

distribute along both banks of the Klong Samrong;

but there.are only a few houses in the districts

neighboring the roads. -In the long run, however,

the roadside districts have a greater potential

fdr being déveloped_és a residential area and
should therefore be included in the served area.
For the same:reason the tracts extendihg on both
sides of the road leading from National Highway
No. 34 to the district office should also be

served,.

Bang Bo:

The inhabiled area of this Amphoe has developed

arcund the district office and at which point
the Klong Bang.ﬂia joins the.Klong' Samrong and

extends east élong the Klong Samrong.
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The servcd area of this- AmphOP shou]d 1nclude the
1ivelside district along the Klong Samrong and
those - extendlng along othel Klong tr1butaries
which join the Khlong Samrong, such as the Klong
Phra Ong Chao Lhiya Nuphlt, Ban Rakat and

“Bang’. Phli Noi' which alféédf has a qﬁall
populatiou dlstributed over their neighboring
dlstr;cts. Howeyer, these’ dlstricts need not be

sérvéd'beyond Nationaliﬁighway No. 34,

Natlonal nghway No. 34 rﬁns oﬁ the nortﬁ-of tﬁe
Amphoe town parallel to the Klong Samlong river
but has’ little relatlonshlp with the Amphoe town
of Bang ‘Bo so Lhat the whole roadside district of
thlS national hlghway ‘need not be served

On. the other hand, the road leadlng from thls
natlonal hlghway to the district office’ should be
sexved. The served area of this Amphoe should
_also,be planned to:cover Lhe road which runs south

from the district office-to Klong Dan village.
Klong Dan wvillage which is located about'B'km:
south of Bang Bo is directly'served frbm Bang Bo
and the water supply to. ‘the village shou]d there-

fore be contlnued
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3-2-3, POpulatlon Denqaty in Served Area -

The pOpulatlon dcnsity in the planned served area of Nong Khaem
in 2000 could be estimated to be about 3, 000 persons/kmz, but it is.
ekrremely dlffltult.to estimate the populdtlon den31ty in the served
area for- other Amphoes , in 1érgélpart béuaUSe the planned served area
of thcse Amphoes g’ very smdll ‘In. thls study, therefore, the estlmatlons
of populatlon den31ty in Amphoes oLher than Nong Khaem -in 2000 were madt
uqlng the population ‘density of Nong Khaem as the maximum value and the
estlmatlons of future populatlon based on the past daLa (Tables 3-7 and
3~ 8) and also taklng into consideration of the geugraphlc conditions
_and Lhe development of the’ dlstrlcts surroundlng the central Amphoes
The minimum populatlon den81ty in 2000 was 3ssumed to be 1,500 persons/

kmz so as to operate ‘an effectlve water supply in the future

“fable 3-10 POPULATION DENSITY IN SERVED AREA

e Popuiatlon o : Population
"‘Amphoe | Density’ : Amphoe Densi ty
NS (pcrsonzﬂﬁ?)_ (perbon/«mz)
| Sai Noi . L5500 Nong Chok | . 1,500
% |ang BuaThong| = 1750 | . |Min Buri 2,000
.| . ; - g4 -
“Bang Yai 1,650 & lLat Krabang 2,500
he — o —
® |INong-Khaem |- 2,983 *“ |Bang Phli 1,500
:Bang_Bo- 1,500
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3-2~4 Population of Sérved Area.

The populatlon to- he sezved in the year 2000 can be estim ted
from the area to be served and ‘the populatlon denqity in the area which
were. determined in the earliex section, while the populations_in.the
years before 2000 can be eétimated from the'énumerations made'in'the
survey faken in 1973 and the . presenL populatlon of the Amphoe town by
linear 1ntexpolat10n Wlth the estlmated populatlon in 2000, In Nong
Khaem, howeveér, the populatlon does not dlffer from the admlnlstratlve
to the served district so that the total population of the Amphoe was

considered as the populatlon to be served

The e%tlmations of populdtion in the year up to 2000 which were
made by llnear 1nterp01at10n w1th the estimated populatlon denslty and

population in 2000 are shown in Tableq 3-11 and 3-12.

Table 3-11 POPULATION DENSTTY | AND POPULATION ™ THE SERVED ARP

(2000 :\D)
3
Teapy 2 Population Density | Populat iou in The
Amphoe ex(';zg)i\rea in Served Aua Served Area
_ (person/km2) : {Person)
= T B e - e T Py : =
! Sai Noi 5 ' 1,500 ' 9,000
E.;.‘_u._m,___._,,...:._‘_. S S G S G O S i,.*ﬁ.._w_,.:_._m”_".. . -
! Bang Bua Thong 18 1,750 31,500
3 . : ;
I R
=22 : .
L . Bang Yai .16 . 1,650 26,400
re ).
[ PR Y S SU U S Pt ST - Ry S
= b ' ‘ :
: Mong Khaem 48.28 . 1,983 i 144,000
ST S S S N
{ Sub Fotal 88.28 | 2,197 : 210,900
. Nong Chok 18 S, 500 27,000
:Min Buri 22 20 44,000
‘E.Tﬁ..,i...._u_m_i,..‘gu_.._..,.... A S P , T .
i—é ! Lat Krabang . 22 ' 2,500 55,009
m ] P NS R OUNUUROF SIS S
e . : ! .
%1 Bang h11 o b, 500 ; 16,500
Bang Bo L7 _ 1,500 3 "10,500
1 sub Toral .. 8O CoLely T 153,000
Grand Total = | 168,28 | . 26z - 363,900
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3-2-5 House Cbnnectioanatio:

The house connection ratio refers to the QHotient or'Percent
pr0port10n of Lhe total populatlon of the served area as compaled to
the populaLlon served in that ‘area, and is a factor which is dlrectly

concerned with the amount -of water'supplied.

. The planned house conneetion ratio is affected by the present
water . supply condition, the hygicnlc sense of the commuuity people
to be served, their 1ncome level and other factors - As it 1s difficult
to quantltatlvely estimate the house conneetlon ratio, a target rate is

3

in general practlee obtalned,

The 11v1ng condltlons and view of. the water supply of the
eommun1ty ‘people is generally the same from one Amphoe to the other
among the nine c0n51dexed for ths watel supply prOJect hence, Lhe
sane house: connectlon ratio can be assumed Eor all of them. _The
planned house conriection ratio. in 2000 is placed at 15 / as a target
For the intermediate years the assumptlon is made that the year 1980
will witness a house connection ratioc of" 65 % and- that it w1ll uni—
formly increase in all the subsequent years. The result of estimation

is shown in Table 3-13.

Table 3-13 HOUSE CONNECTION RATTO

Year (AD) 1980 1985 | 1990 1995 | 2000

House Conngction

Ratio - ‘(%)

75.0

4}

650 | 675 70.0 7 2.

3-2 6 Populat1on to be Served

: : The populatlon to be served refers to the community people who
will be supplied with potable water in the. year considered and is
l calculated by multiplying the populatlon of the area served by the

house connectlon ratio._;xt

The populations to be served of all Lhe Amphoes considered are

.showu k1 Table 3 14 As is clear from Lhis Lable, Nong Khaem wi]l
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have the largest population to be Selved, or 108 800 persons in

2000 ; and Sai Noi . the smallest population to be served, or 6,750
persons, while the other 8 Amphoes are expected to have much the -

same populataon to be served, or ahout 50, 000 persons or less.

A water supply system similar to the present water supply prOJect can

he operated in these Amphoes in Lhe future,

Table 3-14  POPULATTON T0 BE SERVED

. (Person)
q“\a\“' Year (AD) S o S
. 1980 ' 1985 1990 1995 2000
Amphaoe \ o _ o TRTT L
$ai Noi A 2,200 | 3,240 4,340 | - 5,510 6,750
Bang Bua Thong| 10,200 13,298 16,520 | 20,010 23,625
| Bang Yai . || 6,500 9,518 | 12,810 16,240 19,800
o T - B B
Nong Khaem |l 29,900 42,525 60,200 81,925 108,800
Sub Total - | 48,810 | 68,581 | 93,870 | 123,685 158,975
Nong Chok 7,150 10,125 - 13,300 | 16,675 20,250
Min Buri || 15,015 | 19,103 23,520 28,130 33,000
x| Lat Krabang | 17,225 22,680 | 28,490 34,728 41,250
% Bang Phli 5,460 | 7,020 | 8,680 10,513 12,375
Bang Ro 3,965 4,860 5,810 6,815 7,875
Sub fotal || 48,815 63,788 | 79,800 96,861 114,750
Total 97,625 132,369 | 173,670 . | 220,546 273,725
b
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3-2-7 Average Water lemand
(1) Average Daily Water Demand-per Capita:

The average daLly water demand per caplta is one of Lhe
1mportant factors needed to be conSLdeled when plannlng any wqtur Supplv
project. This demand varles.dependlng upon the Lhalactellstlcs_of the
city to be served, considering:such things . as sizé of the-city,»its.

industrial structure, its culture and the living standard of its. people.

When planning a new water suppiy.pronCE;the average daily
water demand pér capita is génerally estimated by cbnsultiug the data
of other compéfable areas, and at least at the present time thlS merhod
also seems appropriate for ‘this study. Tt was also employed in the
Feasibility Stﬁdy Survey which was taken in 1973. Accordingly, the
average daily water demand per capita which was estimated in the

Feasibility Study Report will be adopted for this study.

In the Féasibility Study Report the data on water demaind in
1959-1966 ‘was collected in 17 cities distributed throughout Thailand
and the standard yearly deviations were presented by a histogram.

As a result, the following findings were obtained:
i) Averare water demand increased.

2) The_sténdard deviation increased from year to year.
The phenbmenon 1} above is only natural since the living standard of
Thailanders has been improving. The phenomenon 2), on the other hand,
is an ihdiéation that water demand increasingly différes from one city
to the.other; as the cities grow in size at differing rates. In other
words ,- 'ater demand varies with.the gize of the”city S0, that a uniform
rate of water demand cannot be appropriately applled to all of the

cities distributed across the country,

_ According to the findings obtained ahﬁve, each
of the 17 cities was categorized into one of three groups as follows:
: l):' Cities having:h sgrvéd'population 6f'50,000 or
1ess; o
2) .'Cities having a served. popu]atlon of 50,000 to
~ 0 10%000; and . ' ' '

i
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3) - Cities having a served population of 100,000

or more.

Water coﬁsumption'of each city was introduced into the equation,

¥

demand in the future. (See Table 3-15)

==aJﬁ:+b,by the least square method in order to estimate water

Table 3~15 . DAILY AVERAGE WATER DEMAND PER HEAD
(ﬂ/c.'d. )

Class. Population ‘Population Population

to be Served ‘to be Served to be Served

Year Less Than MO'EE_ Than Less Than

(AD) 50,000 Persons 100,000 Persons’ 100,000 Persons

1970 _117 127 150
1975 122 133 155
1980 127 140 160
1990 137 153 180
2000 147 167 200
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(2) Maximum Daily Water Demand per Capita

The maximum dally water demand per capita also varies with
the cllmate or size of the city. to be sarved. Bangkok has llttle
seasonal change in its climatic conditions and its avelage dally watery
demand seems to show relativeiyisméli Variétiohs. waéﬁér, the
Pfovindial water.Supply Division of the Public Worké Dépértment,
Ministry of Interior, Govt. of.Thailand'estimates the maximum.daily

water demand per capita as follows:

(Maximum daily water demand per capita) = l 5 x (Average

dally water demand per caplta)

As this estimate seems to indicate a reserve capacity of the

water supply, the constant 1.5 will also be used in this study.

(3) Maximum Hourly Water Demand.per Capita:

The préVious report contained an estimation of'maximum hourh
water demand per capita based on the data of Sri-Racha in years past.
According to it, water demand reaches a peak at ﬁM. 7:00, wup 23 %
from the maximum daily consumption rate. Furthermore, the Provincial
Water Supply Diﬁision of the Public Works Department, Ministry of
Interior Govt. of Thailand multiplies the rate of maximum daily water
consumption per capita by 150 % to obtain the rate of maximum hourly
water demand per capita. In this study, therefore, the maﬁimum hourly

water demdnd per Capltd is- calculated as follows:

(Rate of maximum hourly water demand per capita)

1.5 x (Rate of maximum daily water demand per capita)

The water demand calculated by the above method is shown

in Table 3-16.
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3-3 Water Demand lﬁ Pach Amphoe -

The water demand in each Amphoe was estimated by u51ng Lhe values
adopted for, the ba51c plan of the sepalate system. The water demdnd
‘was calculdted by multlplylng the population to be. served by the maxiny
daily water demand per capita, but 1n the determinatjon of- water demand
1n Nong Khaem the water demand in its nurtheast dlstllct was added to
the multlpller ‘and for Amphoe Band Bo the water demdnd in Klong Dan_

was added to the multlpller.

Results of the calculations are shown in. Tables 3-17 and 3 18.
The water demand in the Amphoes on the rlght bank- 1n 2000 amounts
to 51,100 CMD, and that on the lefL bank to 26, 700 cMD, the Lotal
of 77,800 CHD.

" The basic. plan of wafer supply and planned maXLmum dally water
demand of each Amphoe are’ shown in deles 3-19 through 3- 27 and
Figs. 3-18 through 3- 26
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Right Bank

ey :

Table 3-17. WATER DEMAND FOR 9 AMPHOES

(CMD)

Year (AD)

.

Amphoé

1980

1985

1990 .

1995

2000

Sai Noi

500

700

900

1,200 -

1,500

Bang Bua'Tﬁbﬁg'r-ZQOOO

2,700

3,400

4,300

3,200

Bang Yai

1,300 .

1,900

2,700

3,500

4,400

Nong:Khéem" |

8,000

14,000

20,000

28,000

40,000

Sub Total

1 11,800

19,300

27,000

37,000

51,100

Left Bank

Nong"Cﬁok_{

11,400

2,000

2,800

3,600 -

4,500

Min Buri .

2,900

3,800

4,900

6,000

7,300

Lat Krabang.

3,300

4,500

. 5,900

7,400

9,100

Bang Phli

1,100

1,400

1,800

2,300

2,800

Bang Bo_-.

1,400

1766

.“.;2’100:

2,500

3,000

Sub Total = .

10,100

13,400

: l?;SQOL

21,800

26,700

Total

21,900

32,700

44,500

- 58,800

77,800
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Table 3-19 BASIC PLAN- - SAT NOT -
;
Unit ] 1995 2000
. S . S
o Person &,800 6,200 7,600 9,000
House Coniection b4 ' 67.5 70.0 72.5 "75.0
Population
SCE:odl fon to he Person 3,240 4,340 5,510 6,750
1.?011:-' Maximum Water . .
Lic : 20
Consumpt.ion per Head Me.d 190 198 205 213 2
Daily Hi.lx[mum Water i .
Consumpt.f on o : 500 700 900 1,200 1,500
i ;
e i i
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Fig. 3-19 BASTC PLAN - BANG BUA THONG -
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Table 3-20 BASIC PLAN -~ BANG BUA THONG -
? i !
Item Unit 1989 1985 1996 ! 1995 | 2000
= X - i . .
B U FE A T——— L.
sopulation in Served | person 15,706 | 19,700 23,660 | 27,660 | 31,560
Heuse Conmection % 65.0 67.5 70,0 72.5 75.0
Population to be Person 10,200 13,298 16,520 20,010 23,625
Served
S — : : y
'Daily &éxiﬁum‘wﬁtef'r - : . %

Cansumpt ton per Head - '2!cfd % qu 198 205 213 ; 220
i R o T T T T ; S
‘Dai by Maxioun Water ] . PR y ! : 201
Consumpt fon D 2,000 ..2_,700 3,400 4,100 l 5,200

: l




‘Pig. 3-20 BASIC PLAN — BANG YAT -
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o - 0
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Table 3-21 " BASIC PLAN - BANG YAIL -
Item Unit 1980 - 1985 1930 1995 2000
Area Person 10,000 14,100 18,300 22,400 26,400
fouse Connection % 65.0 67.5 70.0 72.5 75.0
Populati to b ) .
Sorpag | tO be Person 6,500 9,518 - 12,810 16,240 19,800
Bally Maximim Wate¥ :
Consumpt 1on. per Head fe.d 190 198 205 713 220
Daily Maximum Water . :
Consump t fon CHD 1,300 1,900 2,700 3,500 | 4,400
L. I




Fig. 3-21 BASIC PLAN - NONG KHAEM -
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- Table 3-22 BASIC PLAN - NONG KHAEM -
- T - B
frea I et 1966 -, 1925 193¢ k995 gon
S = meinn A y ' + ..
i"‘r’"‘““"“ fn Sarved gl n it 00 63,460 B 800 113,000 © j44,000
Ies .
House Comnectlon % 65.0 fl.% 0.0 72.% f 5.0
‘Population Lo be Ferson " 2g,20m 52,525 “5n, 200 81,52% LR, G0
Served . . ’ : .
'oa;ig;- .‘L—nhlmm_:\l.’.:er : . 4 W . s P
Consymption per Hedd.| el ?.4‘) 5% iy 285 o
| Batly Max Hater i eun 7,240 1,506 4,300 13,300 32,400
. Consunpt iy . : ) B
Dot of Nong Khaew - G\;E) U RGD 3,0 ' 1,700 ]
Ares L . . -
Total CHt _P-'.'u'm 380 20,00 1,045 40,405 -




Fig. 3-22 - BASIC PLAN - NONG CHOK -
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Table: 3-23 BASIC PLAN -~ NONG CHOK -

Ltem tnit 1980 1985 . 1990 1995 2000
Atzit;latiun tn . Served Perstn 11,000 15,000 19,000 23,000 27,000
House Connection 4 65.0 C67.9 C70.0 12.5 75.0
Populs : : ' p : S . : ..
SE];:E;”‘“‘ to be Person 7,150 10,125 13,300 16,675 20,250
Datly Maximum Maler —_— : : :

(Tonsumpulon per Head - 9'!-(3."5 K 190 1.‘)8 205 213 22¢
Daily Maxfmus Water o -',.. % - ) N
Consumpt fon cHb 1,400 2,000 2,800 3,600 ,500
I :
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Pig. 3-23 BASIC PLAN - MIN BURI -
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Table 3-24 . BASIC PLAN. - MIN BURI -

Clrem Unit 1980 1985 ..}§96."' "_19§5 iOﬁO. |
i:gg‘at‘°; in Served f&rsoﬁ 23,100 . 28;5@9 33,600 8,800 44,000
ﬂduseiéénuﬁctién % . 65.0 .6?.5 0 0.0 B fZ.S L ;;.0

R O R A T T
..géi;z;ﬁif;?;mf“ﬁif? ; o I?'9é? ..3{§5ﬂ..: © a0 |  6,00ﬁ,; 7,300
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Fig. 3-24 BASIC PLAN - LAT KRABANG -
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Table 3-25 BASIC PLAN - LAT KRABANG -

Ttem Unic 1980 1985 1990 1985 2000
Popisla i Served - ' : ' - '
\OPuht ion in Sevrved Porson 26500 13600 .

Area , ,60( . 40,700 47,900 55,000
Rouse Conraection % 65.0 67,5 70.0 72,5 75.0
Populat fon to be' , ) ' ) -

Served . !'?_rSOIt 17,225 22,680 28,490 34,728 41,250
Baily Maximum Water . : : .
Consumpt Lon per Head ﬁfe.u _ 190 198 205 213 220 -
Daliy .‘-|axlmum_‘n’e;t'c'r N DN

Consumpt {on CHD 3,300 -/, 500 5,900 7,400 9,100
e : .




Fig. 3-25 BASIC PLAN -
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Table 3-26 BASIC PLAN - BANG PHLI ~

4]

Yy ,000

v . H

_ : 7 :
Ieem | - Unit 1980 ; 1985 1995 2000

Populatfon in Served =, ... - 8,400 | 10,400 | 14,500 16,500
Area H : .
‘House Conne_ctiph i 67.5 ! 12.5 75.0
i b P 'f'-“_" . ! _
‘Population to.be T 1T 5 0 7,020 i 10,512 12,375
Served. b T AR -
Daily Maximum Warer | 3 i UL -~
‘Consunmption per Head ; kfe.d 138 ; 203 : 13
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Fig. 3-26 BASIC PLAN - BANG BO -
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Table 3-27 BASIC PLAN - BANG BO -

. . ; i
1
teen N T 1980 . 1985 1990 | 19985 ; 2000
Populat'{ : : : ; i ‘
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3-4 VWater Demand in Adjacent Development Alea'd

Metropolitan bangkok has a. populdtion of 4 560 OOO aud is one
big c1t1es of the world. The eoncentlation of population
in b1g citles is a worldw1de phenomenon and Bangkok is not an

exceptlon to this Lrend

When'the:concentration of pooulatioﬁ has reached a.certaiﬁzpolnt,
the development of an functional residential aree'is'desired. “In orher
words,'as rhe publie'facilitles 1ike the_treffic hetmork ere improved,
population growth enters a'stageIWhere people build their houses in
the suburban districts. in’ preference to the congested center of the
metropolis so that the metropojltan area futher expands.. In view
of this trend in population groth the adjacent development programs
of Bangkok’ ‘should naturally be incorpordted into this study of the
meLiopolltan‘water supply project. Accordlngly a total of 11 adJacenL
' development'areas'n consisting of 5 1nduetrlal Lomplexes,'S residential
complexes and 1 airporr_— wvere included in.the:eerved area of this

study. (See Fig. 2-1)

However, as these adjacent development areas has been decided.
by the Tndustrial Estare Authority, National Housing Authority and
Development of Commercial Aviation, mo definite plan of water supply

for each one of these adjacent development areas has been decided.

The annual water demand in the residential ‘and industrial
eomplexes was estimated in future by the”respective egencies charged
with the development program on- the basis of the numbers: of houses

and buildings planned to be built.

U51ng ‘the data made- avallable by these agenc1es -the average
famlly size was placed at 5 to 6 persons and the maximum daily house-
hold water consumptlon at 200 1iters. As for the waLer -demand in the
'.adjacent industrial complexes the vater eonsumption per employee per
plaeed at 50 l1ters and 1t was multiplied by the Lotal number of

'employees.. The value thus obtained was added to the esLimatlon made by

':.the Indus*rlal Lstate Authorlty._

' On Lhe other hand the plan to build -a new ajrport is at present

: -only-ln_rhe stage of_feasibllity_study, hence, yet known is no more
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than the 'app"ro'x:imate_ location and scale of the aitj_)(_irt.' The water
demaﬁd in this new.aifport in 2000 was thérefore estimétEd'by using

4, ?OO 000 passengers who will usc Bon Muan International Alrport
annually, and’ the average dally water demand per. capita of 240

JitLers Whlch is a water demand at Haneda InLornational Alrport

Japdn, as of 19/6 Furthe1, the amount of water which would be used by
a11p0rt fac111Lies was added to the estimation, and a’ flnal estimation

was arrived at as: followg'ﬁ .
é 200,000 persons/day x 0. 24 m3/person/day + 620 CMD 3,500 CMD.

The annual estimations-of watér demand in the ‘adjacent develop-

ment éreas are shown in Tables 3-28, 3-29 and 3-30.
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Table 3-28 WATER.DEMAND FOR DEVELOPMENT PROCRAM AREA

(CMD)
Yeav (AD) : _ . o
T 1980 1985 1990 1995 2000
Location R o ' .
% | Bang | IN | - L= N -
& | Khun — : — _ i ,
o | hian | flo 5,300 - 5,300 | 5,300 5,300 | 5,300
P Sub Total 5,300 | . 5,300 | 5,300 5,300 | 5,300
N n | 4,000 4,000 | 4,000 | 4, 000 4,000
Bati - | ._ LA Tl o
Chan | Ho 1,100 1,100 - 1,100 | 1,100 | 1,100
Lat In | 5,200 | 5,200 9,850 9,850 | 9,850
‘Krabang |- — - ' : : -
Ho 2,730 - | 13,330 126,000 138,000 38,000
New Airport 1,500 2,000 2,500 3,000 3,000
4 - - . . -
§ | Bang T 100 800 | 3,800 3, 800 3,800
fan) Phl-i"‘ _ﬂ . l’ : 3! 3) o 3 . s
& | Bang Bo | Ho 4,000 12,000 20,000 | 20,000 | 20,000
. _
— : ) .
. In | 10,400 | 10,400 20,700 31,200 41,500
Bang : _ :
Poo o |- 5,040 | 17,760 24,000 | 24,000 | 24,000
Klong In 5,200 | 12,450 20,700 20, 700 20,700
Dan , . : )
. tlo - - ) - - —-
" Sub Total 40,270 | 82,040 | 132,650 | 155,650 | 166,450
In | 25,900 | 35,850 59,050 69,550 79,850
Total | Ho | 18,170 -| 49,490 | 76,400 | 88,400 | 88,400
Ne | 1,500 | 2,000 2,500 3,000 3,500
Grand Total 45,570 87,340 | 137,950 - | 160,950 171,750

“In : Industrial Development Progran

Ho : Housing Development Program

3 - 63



~Table 3~29 WATER DEMAND FOR INDUSTRTAL DEVELOPMENT

| | (CMD)
[ ear (AD) _ : :
— 1980 1985 1990 1995 2000
ngatiOn. oo . L . ' :
B Fa | 3,750 | 3,750 3,750 3,750 3,750
Bang Chan : — e :
S lwe b 250 250 250 250 250
Sub Total 4,000 4,000 4,000 4,000 4,000
e "Fa:| 5,000 | 5,000 | 9,500 9,500 " | 9,500
Keabang |y | 200 | 200 | 350 350 350
Sub Total 5,200 | 5,200 9,850 9,850 9,850
" Bang Phll ~| Fa-l 1,000 1 3,500 | 3,500 | ‘3,500 3,500
Bang Bo | Wo 100 300 300 300 300
Sub Total 1,100 “| 3,800 3,800 3,800 3,800
| ra | 10,000 | 10,000 20,000 30,000 40,000
Bang Poo - Lot e
. Wo 400 400 700 1,200 1,500
Sub Total 10,400 | 10,400 20,700 | 31,200 41,500
| Fa | 5,000 | 12,000 | 20,000 20,000 | 20,000
Klong Dan. |- — .
- I we | 200 450 700 700 700
Sub Total 5,200 | 12,450 | 20,700 20,700 20,700
Fa | 24,750 | 34,250 56,750 66,750 76,750
Total - - = T B
3 Wo | 1,150 | 1,600 2,300 2,800 3,100
Grand Total 25,900 | 35,850 59,050 69,550 | 79,850
Fa : Factory Use (CMD)
Wa : Worker Use (CMD)
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Table 3-30 WATER DEMAND FOR NATIONAL. HOUSING DEVELOPMENT

wa

Water Demand (CMD)

3 -65

L (CMD)
Year (AD) E ; '
_ 1980 1985 1990 1995 2000
Locatiov '
e = . - == s
Jd Ho 5,302 5,302 5,302 . 5,302 5,302
ug Bang [ ‘ T . " — o N
< el Khun Po | 26,510 26,510 26,510 26,510 26,510
bl 1 Thian N e — f— ]
i Wa | 5,300 5,300 5,300 | 5,300 5,300
. Ho 916 | 916 916 916 916
Bang —— ] _ ‘  T |
Chan Po | 5,496 5,496 5,496 5,496 5,496
Wa 1,100 1,100 1,100 1,100 1,100
Ho | 2,728 13,333 26,000 38,000 | 38,000 |
| Lat - ' : ' o .
. |Krabang | Po | 13,640 66,665 130,000 190,000 | 190,000
o ’ - - -
@ Wa 2,730 13,330 26,000 38,000 38,000
b ' fio 4,000 12,000 20,000 20,000 20,000
@ | Bang L1 o B . _ i
Phii Po | 20,000 60,000 100,000 | 100,000 | 100,000
B - - |
a8 PO a1 4,000 12,000 20,000 20,000 | 20,000
- Ho 4,200 14,800 20,000 20,000 20,000
Bang o : ' - '
_ Po | 25,200 88,800 120,000 120,000 {120,000
Poo - . _ » L
Wa 5,040 17,760 24,000 24,000 24,000
Ho | 17,146 46,351 72,218 84,218 84,218
Toial Po | 90,846 247,471 | 382,006 442,006 | 442,006
wa | 18,170 49,490 76,400 88,400 | 88,400
the . Ho : Number of Household
_?o Population to be Served (Person)



3~5. fater Demand in Entire Area Covered by Separate System

The total water demand of the entire area to be covered by the
Separate'system can be determined by adding the water demand in the

adjaceht'development areas’ to the demand in 9 Amphoes,

The total water demand iﬁ'the'target vear 2000 is placed at
249,550_CMDa’ 0f that amount, 56,400 CMD is assumed to be consumed
in the vight bank area and 193,150 CMD in the left bank
area. '

_ Of the total water demand in the adjacent development areas,
88,400 CMD is aséumed to be for household use and 83,350 CMD is assumed
to ariée from industrial and airport use.

On thée basis of these water demand estimations, the water sources

and a compfehensive water supply project will be planned for the right

and 1eft'bank areas respectively.

_ The annual total water demand, curves of water demand, water
demand ratio by purposes and water demand by districts are presented

in Table 3-31, Figs. 3-27 and 3-28, and Table 3-3Z2, respectively:
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T(CMD)

WATER DEMAND

© Fig. 3-27 CORVES OF WATER DEMAND
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Table 3-32 N‘ATER DEMAND OF SEPARATE SYSTEM

(CHpy
o T Year (AD) : ) o )
R : 1980 1985 1990 . 1995 F2000 | Remarks
Location - el
Sai Noi 500 700 900 | 1,200 1,500 o
c - R PR SRS e [ U - S
@ .
3 ‘Amphoe Bang Bua Thong 2,000 2,700 3,400 4,300 5,200
LM S S S S .
(SR : : —_—
g A Bang Yai 1,300 1,900 2,700 1,500 4,400
} ™l sub Total 1,800 5,300 | 7,006 | ;9,000 | 11,100
—C : o e - e § e S . - SO . -
b g5 Amphoe Mong Khaem 8,000 14,000 | 20,000 | 28,000, | 40,000
A Devélopmeut ~ T al k . . T
e Lo ) .
21 2n Progean | BAng Khun Thian | Ho 5,300 5,100 5,300 | 5,300 5,300
- [~ ] . —
[ [ . - - . . .
2 Sub Total 13,300 19,300 25,300 33,300 | 45,300
Amphoe 11,800 | 19,300 |.27,000 | 37,0001 51;100
Total | Development. Program 5,306 5,300 5,300 | 5,300, 1 -5,300
Total 17,100 | 24,600 | 32,300 | 42,300 | 56,400
Nong Chok 1,400 2,000 2,800 | 3,600 4,500
Aniphoe Min Buri 2,900 3,800 4,900 | 6,000 7,300
Lat Krabaog 1,300 4,500 5,900 7,400 | 9,100
uy . - - - : . - —
4 Sub Total 7,600 | 10,300 | 13,600 | 17,000 [ 20,900
2 . e _ .
& . In 4,000 4,000 4,000 4,000 4,000
- . SRS S . .
& Bang Chan g e o
. Ho 1,100 1,100 1,100 1,100 | 1,100
0 Development - - - - »
p Program Lat Krabang In 5,200 5,200 9,850 9,850 9,850
5] et mrram - : JEV L : : I _
Lat Krabang Ho 2,730 -1 13,330 | 26,000 | 38,000 | 38,000
Hew Alrport 1,500 ! 2 000 2,500 3,000 3,500
Sub Tatal 14,530 | 25,630 | 43,65G. ! 55,950 | 56,450
e : o 7 T o T ; T
g "Bang Phli 1,100 1,400 1,800 2,300 2,800
= Amphoe - — . ) : e
o Bang Bo L, 400 1,700 2,100 2,500° | 3,000
Q . o - - T .. - . : h B
- b4 Sub Total 2,500 3,100 ‘3,900 -4, BOD 5,800
o - - Lo i e . i - b - —
o .
o Bang Phlf - in 1,100 3,80 1,800 3,800 3,800
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" Fig. 3-28  WATER DEMAND RATTO (At 2000 AD)

\
%
i

-New_Alrporn_

' ¢¢@ Amphoes
;2%3 950 m3/d:
27.6%)
N ’/f Z)
; : < Others (Such
“Total ¥ as Klong Dan).

(1.4%)

Industrial
Development

279,850 m3/q | S e
oy Oﬁ)ld. Water Demand 8, 850 m3/d(3 [33)
A // 4

-.249,550m3k1

4ﬁ7

.Housiﬁg bévelopment
88,400 m3/d
(35.4%)

4 Amphoes
51, 100 m3/d

< Development
79,850 m3/d
(32.02)

Houqlng
Developmenl
5,300 m /d

- New Airport
673,500 m 374
(1. 4/)_

Houeing DevelopmonL
83,100 m3/d
(33.3%)







	CHAPTER 2 DISCUSSION AND RECOMMENDATIONS
	2-3 Relationship with Central System
	2-3-1 History of the Feasibility Study
	2-3-2 Limit of Reviewing Work of the Central System
	2-3-3 Considerations for the Central System
	2-3-4 Water Source of the Central System

	2-4 Proposed Plan of Separate System
	2-4-1 Specifications
	2-4-2 Comparison of Alternative Plans
	2-4-3 Feasible Plans and Their Order of Priority


	CHAPTER 3 ESTIMATION OF WATER DEMAND
	3-1 General
	3-2 Basic Planning of Separate System Water Supply Project of Each Amphoe
	3-2-1 Estimation of Populations of Administrative Districts
	3-2-2 Determination of Served Area
	3-2-3 Population Density in Served Area
	3-2-4 Population of Served Area
	3-2-5 House Connection Ratio
	3-2-6 Population to be Served
	3-2-7 Average Water Demand

	3-3 Water Demand in Each Amphoe
	3-4 Water Demand in Adjacent Development Area
	3-5 Water Demand in Entire Area Covered by Separate System




