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APPENDIK 1 POPULATION FORECAST

1.1 _'General

“This appendik forecasts the fﬁture-tbtai and served pbpulation in the study
area for the Development'Plan.r_The area, as defined in the scope of work,
consists of tWO’disﬁricts, Suphanburi'Muhicipélitj and Phophraya Sanitary
._Districf The eqtlmated served populatlon will be used for projecting thc

water demand whlch is to be detailed in Appendlx 2.

;Widely.used fiQe types of mathematical formulae were used in' forecasting
- the tétai populationf  To delermine the.mdst appropriate coéfficiehts,in‘
;theifqrmﬁlae; pdpulétion data in the past were fed and tﬁe least éﬁuare
ﬁéﬁhéa_Was employed. The populatipn in future was calculated by the
IEOfmulaé; tEen.. | | | .

1)  Arithmetical Progression aX + b

Y = .
2) . Geﬁmetripal'PrégreSsiOn _ Y = yo_x (1 + p)¥
3) Decreasing Rate of Increase Y = K = ab¥
4} Exponential. Y =¥, + axP

Y

X / (1+e(a“bX))

1l

5) : Logistic

.Where, Y : Population Forecasted
Y, : Population in Base Year
L X Year from Base Year

a, b, K : Coefficient

Demograph1c and 50010 economlc features, such as recent tendency of
mlgratlon and hablt&tl@ﬂ in the. area, future- 90551b1L1tlcs of industrial
~and commer01al development etc. were discussed with the local off1c1als.
Materlals related. to 'them were provided and studied for evaluatlnq the

mathematlcal re8u1ts.~

In p]annlng the future service area, the waterworks development program and
the munlClpallty s land use plan were studied and in forecasting the served

- populatlon,-the results of gquestionnaire survey were reflected.
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1.2 Population Statistics

Available records of the.population of Suphanburi .Manicipality and
Phophraya Sanitary District are shown.in Table"l.l"énd plottéd on

Fig-1.1.

As shown in Fig-1.1, the population of Suphanbufi has,inéreééedfalmdSt
linearly at a rate of 310 persons per fear'to reach.about-24,000.in.1984;'
And the population of Phophraya, from 1981 to 1984, showed noticeable

fluctuation which was Unekplainable.
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Table-1.1 DATA OF PAST POPULATION

YEAR ARFA
SUPHANBURT PHOPHRAYA
1965 17,099
1966 16,316 3,515
1967 18,434 3,555
1968 18,734 3,528
1969 19,148 3,571
1970 19,515 3,644
1971 19,774 3,815
1972 20,128 : 3,747
1973 20,505 3,859
11974 20,982 : 3,595
1975 21,232 3,726
1976 . 21,522 3,929
1977 21,961 3,936
1978 22,024 3,983
1979 ' 22,544 4,008
1980 22,903 4,058
1981 - 22,989 4,141
1982 23,294 3,562
1983 23,445 4,214
1984 23,738 3,149

DATA SOURCE : PWA
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1.3 Population Forecast

'The results of populatlon forecast for Suphanbur: Munlc1pa11ty and -

Phophraya Sdnltavy District are shown on Figs-1,2 and 1.3 respectively.

S1.3.1 Suphanburi'Muniqipality-
Fig—l.z'shdws four lines calculated by the before mentioned formulae.

 Thé results from the geometrical and logistic progression show rather high
- inicreasé ratios, the decreasing rate of increase shows a lower increase

ratio éompariSOn with the past data.

_ “f the four curves, the arlthmetlcal line was selected, because of

o follow1ng reasons:

1) There is no development plan in and near this area Whlch w111

_1nduce hlgh rate growth of populatlon.

2) 1A$ A‘Centér Of:administrative and'éémmgréial activities, dealing
‘ - in farm products of surrounding agricultﬁral areés;.Suphanbufi's
- population increase will not lose the present momehﬁum.. A lower
growth rate than the present 310 perspns'per-year wiil result in

under estimation.
3) This line fits best to the past trend.

Z_As the study area of the.ﬁTCP's'Town'Planning»included the surrounding area
of Suphanbﬁri and Phophraya and the“growth rate of population was estimated
at 2.75 - 2,88 % per year in 1985. - 2004, the forecasted population showed

.a very hlgh flgures. The result was not used,.
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. 1.3.2  Phophraya Sanitary District
" The 1982 and 1984 populations, shown in Table-1.} and Fig-1.1, fell

fémarkébly from the year before., Because of their irregularity, the two

L were disiegarded in preparing the five eurves in Fig-1.3 which resulted
'_férm,calculatibn'by the same formulae used previously.

- The_qaldulaﬁed curves, except that of the decreasing rate of increase,
..shéw similar tendency. The decreasing rate of increase is to be

discardéd.

;Amdng_the other four lines and curves, the arithmetical line, (1) of Fig-

::1,3,:is'proposed.here because of the following reasons:

1) This line fitted best to the past trend.

2) Phophraya will foliow.thélpattern'of Suphanburi which is
"' arithmetical increasing. '

©71.3.3  Total Populatiqn of Project Area

Summarizing 1.3.1 to 1.3.2, the total population of Suphanburi Municipality

and Phophraya Sanitary District is shown in Table-1.2 and in Fig-1.4.
Table-1.2 TOTAL POPULATION OF PROJECT AREA

_ A R E A
. YEAR . - SUPHANBURI  PHOPHRAYA TOTAL
" 1085 24,300 4,300 28,600
1990-': 25,900 4,500 30,400
1995 . 27,500 - 4,700 32,200
2000 29,100 4,900 34,000
2005 30,700 5,100 35,800

2010 - 32,300 5,300 37,600
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POPULATION

6,000
N {4) EXPONENTIAL CURVE
' (2) GEQMETRICAL CURVE
= . l . .
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5,000
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(3} DECREASING RATE QF INCREASING
4,000 : : e : —
0 . _ . - L . e
1985 1990 1995 - - 2000 2005 2010
' ESTIMATED = POPULATION .
CASE 1985 1990 1995 2000 2005+ 2010
() 4,275 4,484 . 4,694 4,904 5,113 . 5,323
{2) 4,295 4,528 4,773 . 5,031, - 5,304 .. 5,592
(3) ~ 4,233 4,233 4,233 4,233 4,233 4,233
(4) . 4,289 4,556 4,838 5,134 5,442 5,76l
(5) 4,268 4,460 4,644 . 4,817 - - 4,979 5,130
FIGURE e |
N POPULATION . FORECAST OF PHOPHRAYA
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CJAPAN INTERNATIONAL COOPERATION AGENCY




‘Al - 9

.40

| i .O‘/
; - .P:Q’L - .
. ) _.b_ﬁy -
b N V‘}S.-‘ff/_ - .

/w/)

\\

(% 3,000 ) -

20

"POPULATION |

bl I

. pHOPHRAYA

75 . 1980 . 85 1990 95 2000 - 05 2010

. ] Y E A =r
 DATA <—}-w ESTIMATED =

I T
| S ek AAPAN, INTERNATIONAL COOPERATION AGENCY

FUTURE POPULATION FORECASTED




- al < 10

1.4 Presént and Futﬁre Service Area

The. future Serv1ce area was dellneated baued on the development program of
the waterworks and th@ future land use plan prepared by DTCP, and also
taklng 1nto account of the Munlcxpallty OfflClalS' comments and con51der1ng N

natural conditions. Size of the serv1ce area in 1985, 2000 and 2010 are’
shown in Table—1.3. '
Taple-1.3 SERVICE AREA

SERVICE

YEAR - ' AREA (ha)
1985 1,200
2000 2,300
2010 3,100

Fig-1.5 shows the present service area of Suphanburi Waterworks and'the

future expanded service area in 2000 and 2010,

As shown in Fiqfl;S, the future service darea will ekpand-both_eaSt—'éﬁd-
west-ward from the present service area which has'been'developéd'aibng the

Tha Chin River,. forming the central part.
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1.5 Service Ratio

The service ratlo has been increasing in the PrOjECt Area.' Other than_the

public serv1ce, there is no available a]ternatlve water source, exCept deep

well and rain water. Deep well is costly for private domestlc use and rain

water is unreliable. Therefore, about 80 % of the dwellers have thelr_own

connection from the waterworks already.

As shown in Fig-1.6, the following four service ratios were forecasted.

Case 1

The cuirve of Case 1 followed the past trend.

Case 2

Case 2 was Qlotted._refleetinq'the results of the guestionnaire survey.
An apparent correlatlon ex1sted between the serv1ce rat:o and the lncome
level of the people surveyed. In future, as the 1ncome level grows the

service ratio will increase. . The curve was made on an assumed “‘growth rate

of 8 % per vear, highest in the past.

CASE 3

Case 3 was plotted, partly reflecting the results of the quesfionnaire

survey.
The curve was made based on the following assumptions:
1) . Of the presently unserved.people, the willingness.fdf'theipublie
service was 86'% All of the w1111nq people w1ll be supplled

before 2010, at a presumed pace.

'2)  Of the incremental populatlon in future, 86 ® w111 be. supplled by

the serv1ce 1mmed1ately respondlnq to the 1ncrease.
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Case 4 was plotted in the samne way as in Case 2, at an‘assuméd grbwth rate

“of 4.5 %, lowest in the past.
The above four cases are characterized as follows:

Case 1 prepared on the baéis'of the past trend shows a'high'iafe of

increase,

Case 2 and 4, made on the basis of the income level so}ély,'are limited in .
usefulness, because‘other factors also affect the service raﬁio. They

' cannot be used ‘without modification.

Case 3, made on the basis of the present'willinqness, is also llmlted in’
usefulncss, as the W1111ngness may change in future. As the avallablllty of
other supply sources is low while the water. demands are pushed by development,

the depeﬂdence on the public bupply ‘will grow stronger as- the years go.

After ron51der1ng the above condltlons of the four curves, the line of Case

1 which show the h1ghest ratlo is propoqed, as shown 1n Flg 1.6,

The service ratio for Phophraya will follow the Suphanburi's pattern.

1.6  Served Population

In Table 1.4 the future total populatlon, service ratlo and served
populatlon are listed and in Fig-1.7, the populatlon, total and served,
_are plotted. Calculation was made_based on the total population in Table-

1.2 and the service ratioc in Fig-1.6.
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Table-1.4 FUTURE SERVICE RATIO AND SERVED POPULATION

POPULATION SERVICE SERVED POPULATTION
YEAR * SUPHANBURT PHOPHRAYA TOTAL RATIO  SUPHANBURI PHOPHRAYA TOTAL
1985 24,300 © 4,300 ° 28,600 79 19,200 3,400 22,600
1990 - 25,900 4,500 30,400 85 22,000 3,800 25,800
1995 27,500 4,700 - 32,200 89 24,500 4,200 . 28,700
2000 - 29,100  4,900° 34,000 92 26,800 4,500 31,300
2005 30,700 5,100 35,800 93 28,600 4,700 © 33,300

e e e L A e e e o =
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APPENDIX 2  FUTURE WATER DEMAND
__2;1 Introduction

Iﬁfthis'Appendix, the water demands in the planned service area are.fo:e—
cééped for the Development Plan, based on the analysis of records provided
:by‘PWA and the served population in future estimated in Appendix 1 teo this

. report.

In gection 2.2, availablé data regardiﬁg'water_bonsumption are described to
clarffy the-preseht situation in the a:ea; Séétion 2.3 describes the
.probe§s and méthodology ébplied in forecasting the wétér cOnsumption..

: together.with:the résults ofaprbjection.. After addiﬁg up the categorized
watetwéthUmpﬁions, the total water demand including the unaccounted- for
_._water is sﬁmﬁarized. Estiméted in section 2.4 are fhe maximbm—day aﬁd '
a?éfé@efdéy wéﬁe: demands that are basic information for working out the -

Development Plan, "

'2.2__ Records of Water Consumption

As the data collected dﬁiing'the'site survey, the yearly water production

and water Sales from 1975 to 1984, are given in Fig-2.1 and Table-2,1.
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Table-2.1 "WATER PRODUCTION AND WATER SALES

NUMBER CONSUMBTION
WATER WATER OF ~ PER

PRODUCTION SALES’ 'CONNECTION -~ CONNECTION

'YEAR- (¢ m/year) (cu ﬁ/year) o _ {cu m/month)
1975 691,550 579,606 2,518 19

1976 684,359 657,993 2,116 20

1977~ 805,565 . 724,645 2,923 21
1978 920,964 729,470 3,219 _ 19
1979 1,189,187 942,270 3,551 22
1980 . 1,372,200 1,080,100 3,889 23
‘1981 - 1,487,800 1,138,046 3,937 24
1982 . 1,391,915 1,187,212 4,041 24
1983 1,622,970 . 1,211,156 4,199 ' 24
1984 . 2,168,555 1,211,786 4,320 - 23

DATA SOURCE : PWA .

As.sthh-ih Fig-z;l, bOth.water-production.and water sales are increasing
gradﬁally yéar byZYéar, “1In vecent few years, however, the water produc-
tion:has riseﬁ rapidly in contrast with the almost constant water sales.
" This widenihq gap shows that the unaccounted-for water ratio has increased

remarkably in the recent years.

Tﬁe'watér sales in 1984, as ééen in Table-2.1, was 3,320 cu wm/day
(1,211,786 cu m/year). When the figure was divided by the served popula-
tidn_eétimated from connection number and avérage person per family (6

persons); the per capita consumption was 128 lpcd.

The per'capita.cdnsumption is glassified into two. The first, the domestic
per capita was, as seen in Fig-2.2, about 70 - 80 lpcd in 1980 - 1984, The
_séchd,ithe balance_of'total and domestic, was large consumers' consum-

ption, approximately S0 lpcd in 1984.
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The large consumers' consumption is furthex classified iﬁto thrée,qas sgen'
in Téble—2.2'which_was made on the basis of PWA surVeys conducted in 1985,
namely govérnment/pub;ic.institution, largé buéihess7and-1arge.residéntial
huilding. The table also shows that the ratio of government/publib '

" institution to large business is 63 % to 37 %.

Hereafter, the large residential buildings® use will bé.included in the
domestic consumption and the total consuription will be categoriéed into 1)

domestic, 2) public (government/public institution), 3) large business.

Table-2.2 LARGE CONSUMERS' CONSUMPTION IN SUPHANBURT

Consumption Sub“Toﬁal. Percentage
Classification Ttem (cu m/month) (cu m/month) (%)
, Government . - 4,187 .
Government/ School | 5,746 11,436 - 63
Public Hospital : 105 '
Institution Temple 1,398
- Commercial 5,420
Large - . Factory . - 670 - 6,795 - 37
Business Hotel : © 610 | B
Others ' - 95
sub-Total - 18,231 100
Large Residen-— Residence 6,134 6,134 -
cial Building ' |
Total 24,365 24,365

DATA SOURCE : PWA, 1985
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2.3 Future Water Consumption

._In this section, the Suphanburi's future water consumption, with breakdown
' of three categories, domestic, public and large business, is presented.
Regarding the Phophraya's, twoe categories of domestic and others are

"estimated.

2.3.1 Suphanburi Municipality
1) Domestic'Water‘Consumption

The domestic per capita consumption in future is projected in Fig-2.2. For
comparison, the forecasted for Khon Kaen and Udonthani are also plotted in

the figUre;

" As Suphaﬁbufi's town planning does not “involve ﬁater*deménding plans like
inaustriéi_deyélopmeﬁt and sewerage system and the qrowfh.as ﬁhe'_
adﬁiﬁistrative, commercial and iight'iﬁdu$tries center will be slow, the
domestic per éapité conéumption is expected to increase, correspbndinq to

the growth of the average income level and living standards.

The domestic water consumption, calculated on the forecast of served
population in ApPéndixil and per capita consumption shown in Fig-2.2, is

B éh0wn'in Table-2.3.
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Table-2.3  DOMESTIC WATER CONSUMPTTON FOR SUPHANBURL MUNICIPALITY

© DOMESTIC © DOMESTIC
_ SERVED PER CAPITA WATER
YEAR ' POPULATION CONSUMPTION CONSUMPTION
{1ped) {cu m/day)
1985 19,200 82 1,570
1990 ~ 22,000 94 . 2,070
1995 24,500 105 2,570
- 2000 26,800 117 3,130
2005 28,600 128 3,660
2010 30,300 140 4,250

~2) Public Water Consumption

1As-mentioﬁed'in'8ectibn 2.2, the large consumér's consumption was estimated
at 50 lpcd in terms of the per capita and 63 and. 37 % of it were used,
assumingly, by the public institutions and large businesses (Table-2.2),

The ‘public water consumption in 1984 was assumed as 32 lped..

Thé-consumption is assumed to increase at a slightly_higher rate-than.the
-'démesﬁié water consumption, in terms of the per capita, and the linear
‘growth will make it 32 lped in 1984, 55 lped in 2000 and 60 lped in 2010,

as shown in Table-2.4.
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Table~2.4  DPUBLIC WATER CONSUMPTION FOR- SUPHANBURI -

. PUBLIC PUBLIC -
SERVED - PER CAPITA . WATER
YEAR “POPULATION _C@NSUMPTION CONSQMPTION
(1pcd) : : (cu_m/dayf
1085 19,200 ' 33 630
1990 22,000 a0 ‘ 890
1995 " 24,500 . ' 47 ' 1,160
2000 26,800 _ 55 g 1,470
2005 28,600 62 1,760
2010 30,300 69 - 2,100

3) Tlarge Business Water Consumption

37 % of ‘the before mentioned 50 lped, namely 18 lpcd (DO lpcd X 37 %) was-

allocated for the large business water consumptlon,'as of 1984

.The consumptlon was assumed to- grow at the same rate as the publlc consump—‘
tion. It w1ll grow 11nearly from 18 1ped in 1984, to 32 lped in 2000 and 41
lpcd in 2010 as shown in Table 2.5.

Table-2.5 'LARGE BUSINESS WATER CONSUMPTION

LARGE BUSINESS LARGE BUSINESS'

SERVED PER CAPITA ' WATER |

YEAR POPULATION CONSUMPTION CONSUMPTTON -

' :(lpCd) '(éu.m/day)'
1985 19,200 19 370
1990 22,000 24 520
1995 24,500 28 680
2000 26,800 32 860
2005 28, 600 36 1,040
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2;§.2 ?hophraya_Sahitary District

In the case of Phophréya.Sanifary District, the water consumplion was catego-
rized into two,” domestic water consumption and others. For the domestic
water_coﬁsumption,'the same per capita consumption as Suphanburi's was
:aééumed.“ Because of the district's chafacter, largé consuners' consunption
by Suéh_aslpublic insﬁitution and large business is not distinct. The

small size consumptions other than the domestic will be defined as the

other consumption.

The'doméétiq and other water consumptions are shown in Table-2.6,

Table-2.6° WATER CONSUMPTION FOR PHOPHRAYA SANITARY DISTRICT

: DOMESTIC DOMESTIC " OTHER OTHER
YEAR ~  SERVED - PER CAPITA WATER ~ PER CAPITA ~ - WATER
" POPULATION = CONSUMPTION  CONSUMPTION = CONSUMPTION = COMSUMPTION

{ipcad) {(cu m/day) (1pcd5 {cu m/day)
1985 © 3,400 | 82 20 . 12 40
1990 33;800 04 360 24 ' 90"
1995 4,200 105 . 440 35 150
2000 - 4,500 117 530 a7 210
2005 4,700 128 610 58 280
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2.3.3 Total Water Consumption

The total of the categorized cohsumptiohs,_of_Suphanburi Municipality and

Phophraya Sanitary District, is shown in Table-2.7.

Pable-2.7 TOTAL WATER CONSUMPTION FOR:SUPHANBURI
AND PHOPHRAYA SANITARY DISTRICT

SUPHANBURT PHOPHRAYA
LARGE
DOMESTIC PUBLIC  BUSINESS DOMESTIC. OTHERS TOTAL
1985 1,570 630 370 270 A0 2,880
1990 2,070 890 520 360 90 3,930
1995 2,570 1,160 680 440 150 5,000
2000 3,130 1,470 860 530 210 6,200
2005 3,660 1,760 1,040 610 280 7,350
2010 4,250 2,100 1,240 700 350 8,640

2.4 Average Day and Maximum Day Water Demand
2.4.1 Unaccounted-for Water and Avefage Day Water Demand

To the total water consumption, the wnaccounted-for water shall be added to

determine the average day demand.

The unaccounted-for water ratio from 1965 to 1984 is shown iﬁ-Fig;2.3. It
stayed below or close to 20 % before 1980, except in a‘few'occasional

years. After 1980 however, it started to rise and in 1984 it-reached_éé-%.

The recent high ratio is most possibly attribitable to”ﬁhe aged .and ﬁeak;“j
ened pipes. The pipelines installed in 19508 are said to be 6f_CiassJ15' .
Asbestos Cement Pipe and after wore than 30'yéars'.service; £hey'must:ﬁave:

become less resistant to pressure and may be leaking substéhtialiy;'
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PWA set a target of reduc1ng the unaccounted for water ratlo to 25 % in
1995 and 20 % in 2010, The planned rehabllltdtIOH and mOdlflCathH works_

Wlll enab1e to attain it and the prOJectlon is made in accordance with the

target.

From the total water consumption in. Table-2.7 and the unaccounted-for water
ratio projected as above, the average day water demand is'celculated; as

shown in Table-2.8,

fable-2.8 AVERAGE DAY WATER DEMAND

TOTAL WATER  UNBCCOUNTED-FOR . AVERAGE
YEAR CONSUMPTION WATER RATTO DAY DEMAND

(cu m/day) (%) (cu m/day)
1985 2,880 42 4,970
1990 3,930 34 5,950
1995 5,000 25 6,670
2000 6,200 23 8,050
2005 7,350 22 9,420
2010 8,640 20 10,800

2.4.2 Peak Factor and Maximum Day Water Demand

The maximum day demand s calculated by mult1ply1ng the average day demand
by. the peak factor, the ratio of maxlmum to average day water demand
Regardlng this water supply system, no 1nformatlon related to the factor,

applicable directly, was not avallable.

-3 record of the Umong Treatment:Planth cutput in_Chiangmai, fiom Jen'let
to Sep 30th in 1985, was processed to formulate Table—-2.9 and ‘used for

estimating the peak factor of Suphanburi. '
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Taple-2.9 NUMBER OF DAYS. ON PEAK FACTOR OF MAX. DAY DEMAND TO AVE, DAY DEMAND

(Jan 1, 1985 - Sep 30, 1985, Umong Treatment Plant, Chiangmai)

NUMBER OF DAYS

Peak

Factor 'JAN © FER  MAR APR  MAY JUN JUL - AUG SEP  Total
1.35 - - - - - - - - - - o
1.30 - 1.34 - 2 2 - - - - - - 4
1.25 - 129 - 3 e - - - - - - 9
1.20 - 1.24 - 2 4 - - - - - - 6
1,15~ 1,19 - 4”0 - - - - - - 13
1,16 =104 - 9 3 & a2 - - - 24
1.05" = 1.09 3 2 1 9 7 1 - - - 23
1.00 - 1,04 10 4 2 7 6 9 1 2 1 42
Total 13 26 . 27 22 17 12 1 2 1 121

The table shows, for example, that 6 days fell in 1.25 - 1.29 peak factor
“vange in 31‘days“of'March, and 42 days of the total 121 days of the period
"'belonged to 1.00 - 1.04 range.

-.The table Says that the maximum of 1.30 - 1.34 size occurs in February or

 March mOSt.prQbébly.

‘The peak factors émployed in other cities' plan are referred and cited

_béllow}'_.

Name of City Peak Factor

. Bangkok - 1.20
Khon Kaen 1.37
ydonthani. ' 1.30

PWA Criteria 1.50



A2 - 14
1.35 was adopted.and app1iéd to thé'Suphanburi Municipality.ahd“Phophraya._
Sanitary District. ' ' R
Téblé—Z.lO'showing the maximum day demand is calculated by the peak factor

and the average déy demand in Table-2.8. The maximum and=average day

demands are plotted in Fig-2.4.

Table<2.10 MAXIMUM DAY WATER DEMAND:

Item 1985 1990 1995 2000 2005 2010
AVERAGE DAY 4,970 5,950 6,670 . 8,050 - 9,420 10,800
DEMAND o '

PEAK FACTOR - 1.35 1.35 1.35 1.35 7 1.35 . 1.3%

MAXTIMUM . DAY . r
DEMAND = 6,710 8,030 9,000 10,870 12,700 14,580
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APPENDIX 3 = STUDY ON WATER SOURCES
3.1 Tntroduction

~This Appendix aims to review and summarize of water resources condibions

for thé'futﬁre'development program of Suphanburi.

ThlS waterjaources study was undertaken in two perlod, one from December 16
to February 13, 1986 and another from June 1 to ‘August 31, 1986 to prepare:

the master plan and ‘feasibility study ‘of the Provincial Water Supply -

o Progect. In this report, plans to meet the water demand conditions in 2010

"are'discussed.

Availabiiity“of Waterlfesoufces and possibility of develdpiné them have
'been looked 1nto, from the cllmatlc, geographlcal, topograph1ca1, hydrolo*
glcal and hydrogeologlcal condltlons, and attention has been paid én the

. groundwater as_well as the surface water.

To‘aséess thequélity'problems of the prospective water sources, Appendix
4, a study of water quality, has been prepared also and relevant matters

are. quoted in ‘this report from the appendix.

3.2 :Climgte'”

The ciimate_of Shﬁhénbﬁri is influenéed'by tropical monsoon. The southwest
mdnSoon.uSually'extehds from May to chober'in the area, causing long rainy
seqéqn_of ﬁﬁnmnths duration. The average number of rainy day is around 108

" and the average rainfall around 1,270 millimeters a year. {Table-3.1)

:F:om'1956'ﬁ0_1974, AIT and DMR, under the rngeSt bf the National Enyiron*
'Vmeht Boafd;;médé HYdrdloéic evalﬁétion of the area and the resuit was
reported'in_Febrﬁafy.1980. The:reédrt, evaluating the hydrologic condi-
tibns of thé waér Centra}-Chaé Praya'Plain.including Suphanburi, showed

the water balahce'és seen in -Table-3.2 and Fig-3.1.

 The mean'anhual'rainfall over the Plain is 1,190,9 mm, and the measured
streamf}ow (runoff) corresponds to 184 9 mm, 15.5 % of the annual: rainfall.

Assumlng the area of Lower Central Chao Phraya Plain of 53,400 sq km, an
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WATER BALANCE COMPONENTS OF LOWER CHAO PHRAYA BASIN
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effective outflow is counted as 9,874 million cu n/year.

The ayérage annual”evapo—transpitatidn is ‘968.6 mm, which equals to 81.3 %
of_the annual'rainfall, while the annual groundwater recharge is 37.9 am

equivaleht, only'iZ % of the annual rainfall of the area.

3.3 Geographical and Geolbgical'Settinq

 .Sdphanburi is located in the Lower Central Chao Phraya Plain along the Tha

Chin river (Suphanburi river}, at‘115 km upstream frdm the coast. The area

Forms fiat deltic_plain, and is from 4 to 9 m above the mean sea level..
The lower Centi@l Chao Phraya Plain comprises approximately 53,400 Qq_km,

i an area éxﬁending fr0m'north 10 south, roughly.250 km long and about 200 km

wide.

- The Plaln is covered by thick: Alluv1al and Tertlary sedlments.' The topmost
thlck clay called ¥Bangkok Clay" is about 20. to 30 m thick coverlng the

whole Bangkok Metropolls, extended from the Suphanburi area,

The mountains surrounding the Chao Phraya Plain were formed during the

. Paleopzoic to Terlary Orgeny. The preaent Chao Phraya Rlver Basin was
probably formgd as the result of the north-south trending fault tectonic,
occurred durlng the Cretaceous to Tertlary tlme,and followed by heavy
Quaternary dep051tlons. The basin structures were evidently formed by
block faultlng into graben and forst southward to the Gulf of Thailand,
Aeromagnetic data -indicate that the-depth to basement in the area ranges
from 400 m to 3,000 m. The sediments were described as fluvial and

deltaics from the Oligocene to Recent age (Achalabhuti C., 1974),
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3.4 lydrageology

In the Lower Central Chao Phraya Plain, there exist large arte51an ground~

‘ water bas;ns in the graben structures which wexe formed by the northﬂsouth
trendlnq block fault, Groundwater is found in a series of vast conflned
aquifers coneisting of. sand and gravel which extends to the depth of 400 m'
‘to 500 m of ‘the Plelstocene underlying the Bangkok Clay. ‘The top conflnlng
unit called the Bangkok Clay (20 m to 30 m thlck) is contlnuously lylng
through the Lower Central Chao Phraya Plaln,'and the clay unlt, due to 1ts

paor permeability, makes recharqe from the ground surface dlfflcult

' The mountalns are surroundlng the arte91an basln in which the hydrogeologl—_
cal basement and/or old,rocks COHSIStlng of llmeetone. sandstone, shale,
granite and metamorohlce crop-out, and groundwater recharge is thought to
be’ tomlng from outslde of the basin. The topmost aqulfer of the Bangkok .
.Upper 30 m zone 15 exposed above the ground near Ayuttaya 90 km north of h
Bangkok, and groundwater is dlreotly recharged there by the river and’ froﬁ-
the surface.- In Salaburl and Kanchaneburl provinces, it is belleved that '
there is a sourde Whlch reoharges 1nto the deeper part’ of confined aqulfers'

_from the cropplng-out limeston on the hills.

Groundwater £lows from the perlphery of the artlsan basin towards” the o
central core of bas1n, as shown in Flg 3.2, A slope of plezometrlc surface
xndlcates transm1SS1b111ty of the- aqu1fers. Steep slopes along the: perl"
phery of: the ba51n show relatlvely low permeablllty and/or thln aqulfers..
'Therefore,;the-groundwater potential in the steeply sloped ‘contours is . low,
and the gently sloped area shows high‘transmissibiiity and perﬁeebility,, |
and/or thick aqulfer. Consequently, the groundwater potentlal in the Lower
Central Chao Phraya Plain is relatlvely high at the center core of the :
artesian basin. (Rf, SEATEC, 1978)

3.5 Aguifer Systen

Regardlng the Lower Central Chao’ Phraya Basin, DMR, CDHM- GMI H &'E.(1969'o
1981) and NSC {1982 - 1984) presented reports, studyinq the aguifer, system
and the pxopertles related to groundwater such as the depth and thlckness .
of aqulferg 11thology,-groundwater-quallty and present sltudtlon of. ground—

water uses.
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Hydrogeologio map of the Lowes Central Plain
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in thé area. of Suphanburi and Bangkok; a sefigs of nihe (9).coﬁrined-
aquifers with depth of 30 m to 550 m level have been qlready_found; as
listed below. Hydrogeological cross section of the above aquifers system

is illustrated in Fig—3.3.

1.  Bangkok Uppet'Aguifer'7(”3O.m zone)
2., . Bangkok Lowef_Aquifer { 50 m_zoné)_
3. Phra Pradaeng Aquifer (100 m zone)
4. Nakhon Luang Aquifer (150 m 3oné)

5. Nonthaburi -Aquifer (200 w zone) .
6.  Bam Xhok Aquifer {250 m zone)
7. Phya ‘Thai Aquifer (350 m =zone)
8. .- Thonburi Aquifer '(450.m zone)
Q, pak Nam Aquifer ' fSSO m - zone)

The top five (5) aquifers have been widely used in the existing wells, due

to their supefior'productiyity.

The top aquifer is cailed'“Bangkok Aquifex", énd it is divided into'twb

parts by the dépth: namely, Bangkuk Upper 30m Aquifer'and Bangkok-LQwer 50
m Aguifer., The Banqkok'Uppe: 30 m_Aquifer_is'overliea'by thick impermeable
Bangkok élayr(ZOm to 30m), and it is a confined aquifer consisting of sand

and gravel, interbedded with clay of the Pleistocene age.

The third aguifer !is thé Phra Pradaeng 100 m Aquifef, which consists of
white sand and gravel and is separated from the Bangkok Lower 50 m Aquifer

by hard brown to brownish grey clay.

The Vakhon Luang 150 m Aguifer which isg produc;ng the largest part of
groundwater has superior product1V1ty and good quallty as fresh water, and
it is the prinecipal agquifer of both the publlc and prlvate wells in Bangkok'
Metropolis presently.

The Nonthaburi 200 m Aquifer is becoming‘an importaht'qrouhdwater source of
the publlc deep wells, because of good water quallty, high product1v1ty due
to the thick beds and the properly dlstrlbuted partlcles, from finé sand to

coarse gravel, with void-filling sandy clay.



_ADNZDV NOILVEISAO0D 1VNOLIVNYEILINI NVl

NISVE VAVNHA OVHO TVMIND WANOT 40
NOILOHS SSOO T¥OIOOTOIDONGAH

£7g

3ENDId

A3 -9

YONVIVHL 40 709

d¥W NOILV30T

0L6T LIt ‘2wyey JojanT Jaljv

LYY
(WA

24

ONVTIVHL
.40 419

-HINOS-

f/.f..w (SR T N Y

by 722 2T 777

._ '
|

NN N

L

© MOMONYE

INVHL - ANHLYd

5 '
CLLLLL7 .

- YOVHL. YHHAYS
KT Z 77 7 7y

VAVHLLNAY

_ ."mDmZ§m¢Dm_

~ 00§
4 ost
i ooy -
| -4 osg
_ "
& e N 4 oot
o ﬁ‘“ |4 osz
PG 4 ooz
.‘...uo».o >3 - 5
4 o081
w - 00|
|
H .
AT L i - S
A A YA AT ...\\J. - o
§ R T S VLV VA .
\Lv.....*i.ln.-!‘l‘lrbm«.r./. cwswws NN D
. " —J... ] -
- = 0%
v 14NBONIS e NOILVA3T3
. : . LNVIVH
- ~HLYON-

NISVE VAVEHJ OVHD TVNLN3D §3MOT




A3 - .10

The Samkok 250 m Aquifer is onc of Lhe deon dqu1fers whloh underlle tho
navthern part of Nonthaburl and Patahumthanl; IL is. a modarato]y produc—

tive aguifer and yields fresh water with good'quallLy.

The Samkok 250 m Aguifer, Phya Thai 350 m Aquifer and Thonburi 4350 m
Aquifér provide fresh water but occasionally contain high chloride, irow
and fluoride. “hese Aguifers are presently producinq spmall amount of water

in'Bahqkok Metropolis.

According to the reports (Rf. Ch. Plancharoen et al, 1978 and others) the
Phya Thai 350 m Aqulfer was found during the test hole drllllng in the
compound of . the Mlnlstry of Industry, Phya-Thal district.. The Aqulfer
consists of guartz and chert ‘sands of dirty brown, poorly sorted angular'
sand and gravel’ 1nLerbedded with brown clay. The Thonburi 450 m Aguifer is
separated from the Phya Thal 350 m Aqulfer by dense clay, consisting of

grayish brown sands and gravels interbedded with clay.

The deepest aquifer is the Pék Nam SSO_m'Aquifer, separated'from the
Thonburi Aquifer by-thick clay., :The aguifer is composéd'bf well sorted

sand and graﬁel ihterbedded With'greenish—to“dark gray clay..

3.6 Available Water Sources
3.6.1  Surface Water Evaluation

The Tha Chin River'(Suphanburi-River), the'imporﬁant;water reéoutée'in.tbe
lower Central Chao Phraya Plain, contributes’ to the large part of water
uses, 1nclu91ve of 1rr1gat10n, flood control, navigation and drinking watef
supply (Fig—-3. 4}. The Suphanburi waterworks depeﬂd on the Tha Chin River

(Suphanbur1 River) of its water source.-

The.firqt plént at Prapuwasa was bﬁilt in 1956 and“the seroﬁd plant at bab
Fafhun in 1965, and the both took water from the Tha Chln rlver at polnts
not far from the central part of Suphanburl. ﬂowever, as-pollutxon of the- .
river proceeded in the followlng years,_these t&b'piants éxpetiéncad‘diffi_
culty in producing good guality water éﬁd,:evehtually in:1966 thé.Phabhraya'
Plant of 200 cu m/h f4,800 cu m/déy) capacity replaced the'pfoductioh of
the two plants which produced_QO_cu.m[h'XQSO cu m/daf)?each. The newly
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constructed Phophraya Plant wasg located at about 10 km upstreams of the old -

plants along the same river,

Figs-3.5, 3.6 and 3.7 lndlcate the river flow and stored water level at the
Pho Phaya Reégulator on the Tha Chin River from 1982 to 198:)o The.rlver‘s
water level is controlled by this Regulator.' The river dlechargc.increaSee'
in February and March,. ow1ng to the 1rr1gat10n demand for the dry perlod,
ranglng from 30 to 40 cu m/s.  And durlng the southeast monsoon in Septem-
ber through November, the dlscharge is maintained at a hlgher level rea—
ching 200 cu m/s occa51onally. Afterwards 1t falls rapldly, stavlng low

till February,

The water source used. currently by the Suphanbur1 Waterworks is the Tha
Chin River from which 1. 75 MCM/year (O 056 cu m/sec) is: belng taken.: As 10
to 20 on m/e (315 to 630 MCM/yr) flows eteadlly even.in the dry seaeon at
the Regulator, ‘the present 1ntake of 1.75 MCM/yr {4,800 cu m/day) lS a
minute portlon of the rlver flow. A51de from the flow, as the 1ntake is

. located upstreams of the Phophraya Regulator, a water gate, whlch,ls con— . -
;trolled to maintain water level by RID, the waterworks intake ie assured ofe

the stability of intake operation. '

The wate1 quality at the 1ntake is concerned about, as pollution by the_.
wastewater of households and llvestock breeders is taklng place. However,
the water quallty at Phophraya is almost acceptable, except for 1r0n whlch

tends to run high in the rainy season and is detected in the " treated water,



13

A3

AONSDY NOILVEAdO00 IVNOILYNGILIN] NYAYl
(T) THREAVHANS “MOIVINDTY VAVEL OH4 Iv |
TEAET ¥ELYN GNV IO¥YHOSIC

€'

1 3unoid

96T Iy SVIVG

Hd¥

HYW

NYp

- 09

ﬂ”m\mc 1

009

Q0's

+Ca'S

009

B n &y

0 (1) INENVHANS ¢ ¥OLVING3M VAVHA OHd 1V 7T3A31 ¥ILVM ONV 3OMVHOSIG

.H.E..n, .




A3 ~ 14

08 +y

~ADNZSEV NOILVH3d00D TvNOILYNHIANI Nvdvy
o o i : S 9Tg .
(7) THNENVHGNS. ‘HOIVINOAY VIVHA OHd IV ISR 96T * QI S¥Iva
TEAET ELVN OGNV IDUVEDSIA JUNSId _
ony 1ne N AVA
ST 02 S Q¢ §Z 02 81 0. § sz 0z sl oL § | sz 02 & O §
©

90! | oot
g6~ T
(845) peei —— (s/w)
g96 TmTmmms _
) 2g6l e i
og's 05°s
| | \, — 2861—A]
oL P A -0L°S
; . o L
I 4 N
08's Logs
009h A, At A 009
(w) _ ()

(Z) IHNENVHLNS © YOLVINOIY VAVHd OHd 1Y T3A37T ¥31vM OGNV 39MVHOSIG




15

A3 -

ADNIDY RNOILYHE4O0D TUYNOILYNEIINI NYdVD.

(£) T9NENYHIAS “¥OIVINDEY VAVEd OHL Iv L€ 9861 Q1Y v Ivq
_ THATT WELVM ONY ZONVEDSIC IuNDIL
203G | AON | 190 43s
¢z & ¢ | s g P @ gl s oz ol
| :
. o0t
L 0oz
! T R
| b6t | (s/u
gg6l =~
2861 —

00'g
osg+ 7\ .toss
0o 1009
(w) (w)

() INENVHANS © ¥OLVINO3Y VAVHd OHd LV 13A31 ¥3LVM ANV 394VHOSI




	Cover
	Title Page
	APPENDIX 1 POPULATION FORECAST
	TABLE OF CONTENTS
	1.1 General
	1.2 Population Statistics
	1.3 Population Forecast
	1.3.1 Suphanburi Municipality
	1.3.2 Phophraya Sanitary District
	1.3.3 Total Population in Project Area

	1.4 Present and Future Service Area
	1.5 Service Ratio
	1.6 Served Population

	APPENDIX 2 FUTURE WATER DEMAND
	TABLE OF CONTENTS
	2.1 Introduction
	2.2 Records of Water Consumption
	2.3 Future Water Consumption
	2.3.1 Suphanburi Municipality
	2.3.2 Phophraya Sanitary District
	2.3.3 Total Water Consumption

	2.4 Average Day and Maximum Day Water Demands
	2.4.1 Unaccounted-for Water and Average Day Water Demand
	2.4.2 Peak Factor and Maximum Day Water Demand


	APPENDIX 3 STUDY ON WATER SOURCES
	TABLE OF CONTENTS
	3.1 Introduction
	3.2 Climate
	3.3 Geographical and Geological Setting
	3.4 Bydrogeology
	3.5 Aquifer System
	3.6 Available Water Sources
	3.6.1 Surface Water Evaluation



