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" APPENDIX 1  POPULATION FORECAST

1.1 ‘General

'ThisVappéndix'foiecasﬁs tﬁe'fuﬁure=total ahd served population in the study
'éréa for the Devéiopment'Plén;: Thé'area, és defined in the scope of work;
con51sts of: elght dlstrlcts, ‘Ubon Ratchathanl Munlc1pa11ty, ‘Warin Cﬁamrap
Munlclpallty, Ubon Sanltary Dlstrlct, Ban Pak Huai Wang Nong, Ban_Don _
'Klang, Ban Tha Bong - Mang, Ban Hat Suan Ya, and Ban Mai Klang. The esti-.
-_mated served populatlon w1ll be used for projecting the water.demand which

_1s to. be detalled in Appendlx 2.

Wldely uged flve types of mathematlcal formulae were used in forecastlng
the’ total-populatlon [ To determlne the most approprlate coefflclents in
_the formulae, populatlon data in the past were fed and the 1east sqguare

method was employed The population in: future was calculated by the for-

"mulae, then..-

1) - Arithmetical Progression

Y = aX + b
2) Geometrical_?rogression Y = Yo X (1 + b)
3) Decreasing Rate_éf Increase Y = K - ab®
4) - Exponential . Yo=Y + axP
Y

K /(1 + el®@ = bX)y

1l

5) Logistic

-Where, ' Y- : Population Forecasted
Y :_Popﬁlaﬁion_in Base Year
X ' : Year from Base Year

"a, b, X:: Coefficient’

'ngoqraphib'and socio-economic featufes; such as recent tendency ‘of migra-
.'tién ahd'haﬁitation:in-the'area, futgre possibilities of industrial and
commercial’devélbpment.etc. were discussed with the local officiéls. Mate-
rials. related to then were provmded and’ studied for evaluatlng the mathema-

tlcal result

In'pléhﬁihéfthe futufe'service area, the waterworks development program and
the municipality's land ude plan were studied and in forecasting the served

poﬁulation, the results of queStioﬁnaife survey were reflected.
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1,2 Population Statistics

Available records of the population of . Ubon and Warin Municipalities are:

shown in Table-1.l1 and plotted in Fig-1l.l,

Asg tor the rerords of the past populat1on of Ubon Sanltary Dlstrlct and _

:flve v111ages, only the data in 1984 were avallable and they are shown 1n

Table-1,2,

.Regardlng the population in Ubon Munlclpallty, as shown 1n Flg 1.1 it is
_found that two big fluctuatlons ogcurred 1n tbe past. The sharp increase
in 1972 - 1973 and gradual decrease in 1976 - 1977 probably 1nd1cates the
_Vletnam War s 1nfluence which ended in 1975 The sudden jump in 1981 =

1982 resulted from merglng w1th nelghborlng v1llages.d

Warln s populatlon increased llnearly at 4-slow and steady rate,-seemlngly'-

unaffected much by the War.

In 1984, the total populatlon, 1ncludlng Ubon, Warln, sanltary dlstrlct,
and flve v1llages, was 142,640, The populatlons ln each area and thelr

Droportlons are shown in Table-1,3.
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- Table-1.1 DATA OF PAST POPULATION

YEAR AREA
UBON WARIN
1965 31,189 8,968
1966 32,052 21,427
1967 34,619 22, 500
1968 35,224 22,652
1969 37,005 23,609
2970 38,744 24,854
Co1em © 40,710 24,815
1972 41,755 25,290
1973 ;'  52,690 _' 25,950
1974 . 52,713 26, 507
Cqe7s - s52,281 27,393
1976 52,159 27,845
1977 40,883 27,720
1978 48,227, 28,180
1979 48,208 29,183
_ 1éad 48,466 29,183
1981 48,596 29,643
1982 . 99,469 30,201
1983 100,213 30,143
1984 98,319 30,535

DATA SOURCE : PWA
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Table-1.2 ©  POPULATION OF UBON SANITARY DISTRICT
' © BAND FIVE VILLAGES IN 1984 '

UBON SANITARY DISTRICT L 8,929
FIVE VILLAGES TOTAL ' 4,844
1. BAN PAK HUAL WANG NONG < ' 779
2. BAN DON KLANG .. . 1,958 -
3, BAN THA BONG MANG | = 1,143
A, BAN HAT SUAN YA :

5. BAN MAT KLANG. - | . 964

" DATA SOURCE : PWA

Table-1.3  POPULATIONS IN EACH AREA AND THEIR PROPORTION IN 1984

. UBON MUNICIPALITY ~ = . 98,319 68,9

waaiﬁ_ﬁumiéipanify ' 30,535 . 21.4
_ UBON SANITARY DISTRICT 8,929 6.3
| ' FIVE VILLAGES & 4,844 - . 3.4
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1.3 Popﬁlation Forecast

The results of population forecast for_ubon Munioipality'and_Warin.Munici_

pality are shown on Figs-1.2 and 1.3 respectively.

1.3.1 . Ubon and Warin Municipalities

Figs-1.2 and 1.3 hows five lines calculated by the before mentloned f0r~

-mulae for Ubon and Warin MunlClpalltlee respectrvely.

_ Iﬁ‘the_case of‘popeletioh forecast for Ubon Munieioality}‘the'trensitory__:
rige and fall; affected probably by the'Vietnam War froﬁ‘1§§2 to:1977 as
'mentloned before and shown in Flg 1.1, is dlsregarded ' That 1t was a
.temporary phenomenon is chserved 1n the slow but eteady 1ncrease after

1971, 51m11ar to that. before 1972

After the eﬁdden jump in 1981 - 1982 reeulted from the merger With neigh— .
borlng v1llages, the avallable data s number is too few to be relied on.
Therefore, the mentioned slow and steadlly 1ncrea31ng ‘trends’ before 1972

and in 1977 -~ 1981 were made the basis of the - nopulatlon forecast

For the both muﬂlC1palltleS, the result from the geometrleal pxogre881on

shows a rather hlgh 1ncrease ratlo, the decreaelng rate of 1ncrea5e shows a

1OWer 1ncrease ratlo in comparlson with the past data. Ihese two’ results-;

are to be dlscarded therefore.

among the other three curves and line, the arlthmetlcal llne was selected

because of the follow1ng reasons'_

1) There is no development plan in and near thls area Wthh w1ll

induce high rate growth of populatlon.:-f

2) As a center of mllltary, educatlonal, admlnlstratlve and commer~
“cial activities deallng in farm products of surroundlng agrlcu1"
tural areas, as mentloned 1n Chapter 4, the populatlon 1ncrease

will not lose the present momentum._

3} This line fits best to the past trend,



Al - 7

BOPULATION .-

. 150,000

100,000

150,000

-/ -
. o~
(2) GEOMETRICAL CURVE — L7
- S . | L
-a._ 'j/ ) .
1
P " (4) EXPONENTIAIL CURVE
o (1) ARTTHMATICAL LINE.
T (5) LOGISTIC CURVE .
- (3) DECREASING RATE OF INCREASING .
1985 1990 . 1995 © 2000 2005 © 2010
. YEAR
- ESTIMATED POPULATION
CASE 1985 1990 1995 2000 2005 2010
(1) 106,475 112,232 117,989 123,746 129,503 135,260 §
(2) . 105,167 113,238 122,508 133,156. 145,388 159,437
{3) 102,113 . 103,647 104,619 105,235 105,626 105,874
{4) 106,969~ 112,524 117,970 123,327 128,610 133,829
{5) 106,452 111,796 116,671 120,996 124,738 127,905

FIGURE
1.2

POPULATION FORECAST OF UBON

 JAPAN_ INTERNATIONAL COOPERATION AGENCY 4
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POPULATION

= ' {2) GEOMETRICAIL, CURVE
50,000 [~ (5) LOGISTIC CURVE
* (1) ARTTHMATICAL LINE —
B (4) EXPONENTTAL CURVE —f
=1
gy
40,000
- 3} DECREASING RATE OF INCREASI
30,000
1985 1990 11995 2000 2005 2010
YEAR - ' C
ESTIMATED POPULATION
cAsE - +-1985 1990 1995 - 2000 2005 - 2010
(1) 31,714 34,213 36,711 39,210 41,708 - 44,207
(2) 31,142 34,362 37,915 ' 41,835 46,161 .- 50,934
(3) 31,042 32,473 33,623 34,548 '35,293-3,35,891-'
(4) 31,446 33,515 35,501 37,421 39,285 41,103
(5) 31,814 34,415 36,992 39,513 41,948 44,272 - #
FIGURE | . .
: . POPULATION FORECAST OF WARIN
1.3 : B

TAPAN iNTERNAﬁONnL COOPERATION AGENGY
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The'towh/city'plah prepared by DTCP, projecting the. land use plan and
fpopulatlon den51ty correspondlng the d951gnated land uses in the target
year, forecasts ?59 400 persons as the 2002 populatlon. The growth rate in
1985 - 2002 of the plan is calculated to be 3 39 % per year as the geomet"

rlc rate.: It was an obv1ous over- estlmatlen and dlsregarded

1.3.2  Ubon Sanitary District’

'Only one data {as oF 1984) of the past population was avallable, therefore,

it could ‘not "be used in the forecast.

' The future populatlon of Ubon Sanxtary Dlstrlct 15 estlmated applylng
the -same ratio-as that of Ubon Munlclnallty, The sanitary dlstrlct shares
‘the boundary Wlth the: mun1c1pa11ty, thus, the future trend of populatlon

1ncrease will be 51m11ar to the trend of Ubon Mun1c1pa11ty.

_The estimated'populatidn is shown in Table-1.4.

1.3.3 Five Villages

Slmllarly to Ubon Sanltary District, the future’ populatlon of five Vlllages
can ‘not be estlmated from the past trend of populatlon increase because of

-1nsuff101ency of data.
'Thus, the futdre populatlon is estlmated 1ntrodu01ng the same 1ncred31ng
ratio as that of Phophraya Sanltaly District of Suphanburi area which seems

to have 51m11ar characters of a rural area.

The estimated population is shown in Table-1.4.

1.3.4 ~ Total Population of Project Area

uSﬁﬁﬁafiéing 1.3.1 to 1. 33,'the total'population of, Ubon and Warin Munici-
palities, Ubon Sanitary Dlstrlct and five v1llages is shown in Table-1.4

:and in Fig- l 4
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Table-1.4 TOTAL POPULATION OF PROJECT AREA

A R E A
UBONM WARIN ~  UBON SANITARY FIVE
YEAR  MUNICIPALITY MUNICIPALITY . DISTRICT = VILLAGES  “TOTAL
1985 106,480 31,710 8,930, . 4,850 151,970
1990 112,230 - 34,220 19,470 - 4,950 . 160,860
1995 117,990 3,710 10,000 5,050  169;750
2000 123,750 39,210 10,540 5,150 - 178,650
2005 120,500 - 41,710 . 11,070 . 5,250 ° 187,530

2010 135,260 44,210 - 11,6000 5,360 . - 196,430
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i.4 -Preseﬁt and Future Service Area

The future service area was delineated based on the development program of
the waterwozks and the future land use plan prepared by DICP, and alSO .
taking into account of the Municipality officials' comments and considering
nétural conditions. Size_of the service area'io.1985, 2000 and 2010_isw

shown in Tablefl,4.

Pable-~1.5 SERVICE AREA

SERVICE
YEAR AREA (ha) -
1985 1,970
2000 3,900
2010 4,600

Fig—l.S shows the present service area of 'Ubon-Warin Waterworks and the

future service area, planned for expansion, in 2000 and 2010.

_As shown in Fig~ 1 5 the future Seerce area of Ubon Munlclpallty w1ll

expand noth—, northwest- and east- ward from the present servxce area.

The north- and northwest ward serv1ce area expan51on w111 cover Ban Dén
Klang, Ybon 5an1tary Dlstrlct and . the educatlonal and 1nst1tutlonal fac111~"
thS whloh are planned 'in the northwest of’ the sanitary dlstrlot. The

east-ward expan51on of service area w111 cover Ban Pak Hua; Wang:Nong.'

The serv1ce area of Warln Munlclpallty w1ll expand east-, southw and west*
ward. In the east-and west—ward expan91on, residential. area w1ll be deve“

loped. The service area's south~ward expanSLOn 'will cover Ban Ma1 Klang.‘
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1.5 Service Ratio

Regardlng the past trend of service ratio of Ubon and Warln, untll 1981 the

ratio 1nc1eaged continuously, though it fauctuated ocaa81onally.: The o
sudden fall of the ratlo in 1981 - 1982, resulted from the adm1n15trat1va

merger mentloned before, changed the character of Ubon regardlng water

supply conditions.

In the Ubon Munlclpallty, two -different types of service area ex1st now._
One is . the urbanized, hlqh gorvice ratio area and other the rural, low

service ratio area, merged in 1981 - 1982.

The service ratio, approximating 40 % in 1984, is the average of Ubon and

Warin including the low service ratio area of Ubon.

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

Ubon and Warin Municipality.

. Ubon Sanitary District and flve v111ages are currently out31de of the
service area. Worecast of the service ratio for these area w1ll he

discussed afterward.

Case 1

The curve of Case 1 followed the past trend.

 Case 2
Case 2 was plotted, reflecting the results of the quéstidnnairé.édrvey._'

An apparent correlation existed between the service ratioc ‘and the income
level of the people surveyed. In future, as the income level grows the.
service ratio will increase. The curve was made on an assumed 1ncome level

growth rate of 8 % per vyear, hlghest 1n the past
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100

90—t LL : : —
: CASE 1 /
a0 o /_/
. ~e
70 @
o
o 60
-
E‘.
m .
" 50
|
(8]
[+ 40 /
sa] .\"0
w
30
20
10 :
R ‘ : YERAR _
FOR UBON AND WARTN - _
MUNICIPALITIES = 1985 1990 1995 2000 - 2005 2010
PROPOSED 40 Y 54 61 68 75
CASE 1 o 40 - 63 17 85 89 90
CASE 2 40 3 48 . 54 58 62 65
Casg 3 . 40 . : 41 - 49 - 54 56 56
CASE 4. - 40 . 45 49 52 55 58
FOR UBON S.0. 0 o 32 61 68 75
'FOR VILLAGES o - 0 : 21 3 a1 - 50
FIGURE e ' '
- : ESTIMATION OF FUTURE SERVIGE RATIO

m : . ‘ JAPAN INTERNATIONAL COOPERAT!ON AGENCY
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CASE 3

Caée 3 was plotted, partly reflecting the results of the quegtionnaire

survey.
The curve was made hased on the folloﬁing'assnmptions:

1) 0f the preqently unserved pe0p+e, the w1111nqness for the puhllc
service was 52 $. All of tho wllllng people w1ll be oupplled '

before 201G, at a presumed pace.,

2) Of the incfementai population in future, 52 % will be supplied_by.

the service immediately responding to the increase.
CASE 4

Case 4 was plotted-in'thé same way‘as in Case 2, at an assumed income lével

Qrowth rate of 4.5 %; lowest in the past..

The above four cases are characterized as bellow:

Case 1 prepared on the basis of the past trend shows a high rate of in-

crease.,

Case 2 and 4, made on the basis of the income level soleiy;-are limited in
usefulness, because other factors also affect the service. ratlo._ They

cannot be used without modlfxcatlon,

Case 3, made on the basis of the present willingness, is also limited in

usefulness, as the willingness may changé in futare,

As it is explalnpd 1n Appendix IV study on Water Quallty, groundwater as an
alternatlve supply source in the area is problematlcal regardlnq pH, alka—'
llnlty and nitrate. As- the people begln to pay more aftentlon to water

quallty matters, the w1111ngness will increase, .

After considering the above conditions of the four curves, a ﬁew_1ine is-

proposed, as shown in Fig-1.6., It has been made on the expectations that
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the'willingness'would grow stronger and the regional economy would raise

~ the income level rather fabidly.

The service ratio for Ubon Sanitary District and five villages are fore-

casted, as'aiso shown in the foregoing Fig-1.6.

_These currently unservpd area will be supplied from 1992 as 1t w1ll be

"'dlscussed in. Chapter 1.

ZThe'oervicé ratib‘fdr Ubon Sanitary District will start from 15 % in 1992
'_and W111 catch up with the service ratio of Ubon and Warin MUBlClpalltleS

'by the llnear increase,

“The reasons of justifying such high idcrease rate of the.Uboh Sanitary

District's service ratio are as follows:
1) Dévalopment of the Ubon:Mdnicipality is expected northward.

2) Due to the closéness of'the:sanitary'district and the Ubon -
Munibipality} the livihg étandard will be_raised to a similar

level .as the Ubon Municibaiity's in the nearest future.

3)  There is a'lready. installed d'iét‘fibution'main' pipe (dia. 400mu)
| along the sharlng boundary w1th Ubon Munlclpallty and it is
. expected that the ex1st1ng 1mpllc1t demands w1ll becone exp11C1t
.qu1te easily as branch dlstrlbutlon plpes can readily be -

introduced into the sanltary_dlstrlct.

On thé“otherhaﬁd. the'ser?ide fatios of the five villages, which range from
15 % in-1992;to~50_% in 2010 éré expected to grow at a slower pace, as they-
are located at longer distance from the existing service dreas compared

'with'Ubon Sanitary Pistrict,
1.6 Served Population'

"In Table 1 5 the fuLure total populatlon,_service ratio and served popula-
tlon are llsted and in Flg 1. 7, ‘the population;_tbtal and served, are
" plotted. Calculatlon-was made  based on the total population in Table-1.2

and the service ratio. in Fig-1.6,
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. TOTAL AND SERVED POPULATION ( x 1,0007) -
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FIGURE S |
T FUTURE SERVED POPULATION
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APPENDIX 2 ~ FUTURE WATER DEMAND
2.1 Introduction:

in thls Appendlx, “the water demands 4in the planned service area are fore-
'oasted for the Development ‘Plan, oased on the analySJS of recordo prov1ded
“by PWA and the served populatlon in future estimated in Appendix 1 to this

report.

In section 2. 2, avallable data regardlng water conﬂumptlon are descrlbed to
d.clarlfy the present 51tuatlon in the area. Section 2.3 descrlbes the
__process and methodology applled in forecastlng the water consumption toge— .
. ther with the results of pro]ectlon. After adding up the Cateqorlzed water
.consumptlons, the total water demand including the unaccounted for water is
.fsummarlzed Estlmated in section 2, 4 are the maximum day and average day
water demands that are basic 1nformat10n for worklng ont the Development

Rlan.

2.2 Recofds'of Water'Consumpﬁion

As the data collected during the site survey, the yearly water production

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

NUMBER CONSUMPTION

WATER WATER . OF © PER
PRODUCTION SALES CONNECTION = CONNECTION
YEAR - {cu m/year) {cu m/year) {cu m/month}

1975 5,317,308 3,722,116 6,428 48
1976 . 4,055,682 2,905,198 6,786 36
1977 4,723,337 3,186,709 7,191 37
1978 7,343,766 3,266,800 7,487 16
1979 7,188,892 4,587,058 8,087 a7
1980 6,536,757 3,685,100 8,785 35
1981 6,215,186 4,943,187" 9,034 46
1982 7,412,564 4,856,392 9,335 43
1983 7,186,391 5,511,141 9,808 47
1984 - 8,028,823 5,131,667 10,299 a2

DATA SOURCE : PWA

Ag showﬁ in-Eigj2,1, the'water'productién jumped up. from 4.7 MCM in 1977 to
1.3 MCM i 1978 Beéause'the_WarinéTreaﬁmentaPlant_stértéd its operation
from 1§78.:5The water sales also incréased_@radhally following the produc-—
3_tion'iﬁcfeéée._ In 1978 to 1982,"thé hnéccghnted—fér water ratio'grédually

decreased, however, it increased afterward.

.in Table~2;1, the.consumption per connection was'calculated by dividing the
water sales by the number of comnection, it fluctuated noticeably as seen

iﬁ'the'table.._

 The number of éerved.population was calculated approximately by multiplying

the connections' number and six persons per family, an assumed average..

_ The pef_capita_consﬁmptiqn in 1980 - 1984, thus calculated from Table-2.1,
fluctuated from 194 to 261 1lpcd, averaging 220 lped,
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In the said 220 lpcd included are the domestic, public, private business
and other consumptions. = For future projection, however, it is d}VidedIinto
two presumably, one the domestic consumption and another the large con-~

sumer's consumption,

The domestic per capita consumption increased from 86 lpcd in 1980 to 140
1pcd in 1983 and then dropped to 120 lpcd in 1984, as shown in Fig~2.2
'later, according to the'available'data. Presently, the consumptlon is

assumed to be 140 lped of the before mentloned 220 lpcd.

PWA surveyed the large consumers' éonsumption_in 1982 éhd claééified'it és
shown in Table-2.2. The large residential huilding's consumption in the
table is, in nature, for domestic use and to be included 1n ‘the 140 lpcd
mentloned above. Excludlng it, the publlc uses consumptlon and 1arge

businesses? consumptlon are 70 % to 30 % in Lhe ratlo.

Table~2.2 LARGE CONSUMERS' CONSUMPTION IN UBON AND WARIN MUNICIPALITTES

. Consuinption Sub-Total  Percentage

Classification Item ' (cu m/month)  (cu . m/month) (%)
‘Government 2,953 _
‘School : 634 . 4,483 . 70
Public Hospital 1,241 '
Temple - 15
_ Commercial 692
Large Factory 245 - 2,021 - ' 30°
Business Hotel 1,084 . '
Sub-Total _ : 6,504 - 100
Large Residen- Residence - 1,345;' -.; ' 1,345 .
cial Building . . . '
Total 7,849 7,849

DATA SOURCE : PWA, 1982
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‘2.3 . Future Water Conéumptibn

N In thls sectlan, the future water consumptlon of Ubon and Warln Munici-
palltles is estlmated for each of the Lhree categor1es, domestlc, public
and large business. The ‘water consumption of Ubon Sanitary District and
five Gillages_is broken down into the domestic and others forISeparate

“estimation.

2.3.1  Ubon and Warin Municipalities
1)} Domestic Water Consumpﬁion

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.

Water demanding plans.like7ihdustrial and urban deveiopment have not bheen
prepared for the'Uboh énd-Wariﬁ aréa; It is expected to grow as an admini—
_:stratlve, mllltary and trade center supported by agricultural act1v1t1es,

preserving the present characterlstlcs.

) The1doméstic per ‘capita consumption will increase as the income level ‘and

_'ﬁhelliving standard rise, A linear:grOWth of 142 ipcd in 1985 (approximate

'1_£o 140'1pcd, previously mentioned), 177 l?cd in 2000 and 200 lpcd in 2010
'is_forecasted. The consumptién will Ee similar, in size, to that of Khon

Kaen.

The doméstic water consumption, calculated on the forecast of served popu-

- latlon in Appendlx 1 and per capita consumptlon shown in Fig-2.2, is shown

in Table 2. 3.
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Table-2.3  DOMESTIC WATER CONSUMPTION FOR UBON AND
' WARTN MUNICTPALITIES

DOMESTIC DOMESTIC

'SERVED: -°  PER CAPITA WATER

YEAR - POPULATION CONSUMPTION CONSUMPTION

. (lpcd) (cu m/day)

1985 55,280 142 7,850
1990 68,540 - 154 10,560
1995 .. 83,540 165 13,780
2000 99,400 177 17,590
2005 - 116,420 188 21,890
2010 134,600 o200 26,920

T 2): Public’ﬁater Consumpt ion

In Sectlon 2. 2 _the large consumer's consumptlon was estlmated at 80 lpcd -
in- terms of the pér capita, and 70 and 30 % of it were assumed to bea. used
- by ‘the’ publlc ;nstltutlons and large businesses (Table-2.2). The public

water qonsumptiqn in 1985 was assumed as 56 lpcd.

oA 11near growth from 56 1pcd in 1985 tfo 77 lpcd in 2000 and 90 lped in 2010

is pro;ected

The rate:of'grbwth'is Slighﬁly higher than that of the domestic consump-

'ﬁtlon, because the water demand for public uses tends to increase as a

mun1c1pa11ty grows in size and as urbanization proceeds.
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fable-2.4 PUBLIC WATER CONSUMPTTON FOR UBON AND.
WARTN MUNICIPALITIES ' '

| pUBLIC ~ ©.  PUBLIC
SERVED  ©  PER CAPIIA' . . WATER
© YEAR - POPULATION CONSUMPTION éoNSUﬁpron'
(lped) - (cu m/day)
1985 55,280 56 3,100
1990 68, 540 - 63 4,340
1995 83,540 70 5,850
2000 99,400 77 _ 7,650
2005 - 116,420 83 L 9,660
£ 2010 134,600 . 90 . 12,110

3) Large Business Water Consumption

30 % of the before mentloned ‘80 lpcd, or 24 1pcd, was assumed as the large

bu51ness water consumption presently),

The consumption was assumed to grow at:the same ‘rate ésrthé pubiic Consum§~
tion. Tt will’ grow 11nearly from 26 lpcd 1n 1985 to 40 lpcd 1n 2000 and
50 1pcd in 2010 as shown in Table- 2.5,
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- Table-2.5 LARGE BUSINESS WATER CONSUMPTION
'FOR UBON AND WARIN MUNTICTPALITIES

et e e et e i A b ol T e e b W A o o e et e e bm o o i N et b e T e e S e T S

LARGE BUSINESS LARGE BUSTNESS

. SERVED  PER CAPITA WATER -

YEAR © POPULATION CONSUMPTION CONSUMPTION

' {ipcd) - {cu w/day)
1985, 55,280 26 1,440
“1?90' C 68,540 cIE 2,120
1995 83,540 35 _ 2,920
2000 - 99,400 a0 - 3,980
2008 116,420 . . 45 5,240
2010 . 134,600 50 6,730

2.2.2 Ubon Sanitaxry District

Ubon Sanitary Distiiét;'ﬁbt served by PWA currently, will start to receive
- the serﬁiCe from 1992 as described in Chapter 7. The water consumption is

‘estimated from 1992, therefore.

In the case of Ubon Sanltdry District, the waker consumptlon Was Catego~
;rlzed 1nto two, domestic water Consumptlon and others.' For the domestlc
watex: consumptlon, the same per caplta cenqumptlon as Ubon and Warin Muni-~
A-01palztles is assumed. Becauae of the dlStrlCt s character, consumptlon
of. the 1arge conqumers such as publlc 1nst1tut10n and large bu51ness ie not
probable. The small 31ze CQnsumptlons other than the domestic will be

Lcollectlvely defined as the. other consumption,
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The domestic and other consumptions are shown in Table-=2,6,

Table-2.6 WATER CONSUMPTION FOR UBQN SANITARY DISTRICT

DOMESTIC DOMESTIC OPHER . OTHER
YEAR SERVED PER -CAPTTA WATER  PER CAPITA WATER
POPULATION  CONSUMPTION  CONSUMPTION  CONSUMPTION CONSUMPTION
{lped)  (cu m/day) (1pcd) (cu m/day)
1992 1,452 158 230 66 96
1995 3,230 165 530 70 230
2000 6,430 177 1,140 77 500
2005 7,530 188 1,420 83 620
2010 8,700 200 1,740 90 780

2.3.3 Five Villages

Similarly to Ubon Sanitary_Districk, the water consumption is estimated

from 1992 when the water supply will start.

The water consumption was categbriéed into two, like in the case of Ubon
Sanitaiy District, namely domestic and 6ﬁher water consumption. 'in ésti—
mating future water consumption of the.five villages, the data and tY§es of
water consumption in the rufal.parts of other project'areas.such'as L
Phobhraya Sanitary District in Suphénburi:and'the-surréhﬁding.sanitary
districts of Chiangmai were assimilatéd‘beoause of the difficulfy in
.colleéting solid data con the water consumption of the villéqes-aé they are

not receiving PWA services.

For the domestic water consumption, the per capita'cbnéumptioﬁ-is.éStimated
at 84 1pcd in 1992, It is comparatively low to the Ubon and Warin Munici-
palities*®. BAssuming continuous development of this area, a linear growth |

to reach 94 lpcd in 2000 and 112 lped in 2010 is forecasted.,

Regarding the other consuﬁption, a linear growth from 13 lpcd. in 1992 to 42
lpcd in 2010 is forecasted. '
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The domestic and other water consumptions are shown in Table—Z.?.
Table-2,7 = WATER CONSUMPTION FCR FIVE VILLAGES

‘ DOMESTIC DOMESTIC OTHER | - OTHER
YEAR SERVED " PER CAPITA WATER PER CAPTITA - WATER
"POPULATION CONSUMPTION CONSUMPTION CONSUMPTION CONSUMPTION

(1pcd) (cu m/day). (1ped) {cu m/day)
1992 749 84 63 13 10
1995 1,060 88 93 18 19
2000 1,600 94 150 26 42
2005 2,150 104 224 34 73
2010 2,680 112 300 42 113

2.3.4 Total Water Consumption

The total of the categorized cénsumptions, of Ubon and Warin Municipali-

ties, Ubon:Sahitary'District and five villages, is shown in Table-2.8.
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5.4 Average Day and MaXimum Day Water Demand
2,41 Unaccounted-for Water and Average Day Water Demand

To the total Wétér”cohsgmption, the unaccounted-for water shall be added to

'détefminé the average day: demand. -

Thé unacCountedffor water ratio from 1965 to 1984 is shown'in Fig-2.3. PWA
set é.target'of reducing it to 25 % in 1995 and 20 % in 2010. The plénned
rehabilitation_and modification works will enable to attain it and the

projection is made in aécdraance with the target.
Eroﬁ the tdtal'wéter congumption in Table-2,8 and the unaccounted-for water
- ratio projeétéd a$ above,’ the average day water demand is calculated, as
shown in Table-2.9,

‘Table=2,9 . AVERAGE DAY WATER DEMAND

: TéTAL wATER UNACCOUNTED-FOR AVERAGE
YEAR CONSUMPTION _-wATER RATIO .DAY'ﬁEMAND
(cu m/day) (3) © {cu n/day)
1985 12,390 38 . 19,060
1990 17,000 30 24,290
1995 23,422 - 25 31,230
: 2960;'  31,052_=_ ' 23 ' 40,330
2005 39,127 2 50,170
2010 148,693 20 60,870

2.4.2  Peak Factor and Maximum Day Water Demand

.Theumaximuﬁ_day demand is calculated by multiplying the average day demand

by,the-péak factor, the ratio of maximum to average day water demand.

‘A record of the Ubon Treatment Plaﬁt's ouﬁput from Jan 1st to Sep 30th in
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198553was:pt6casséd to formulate Table-2.10 and used for estimating the

peak factor ofuﬁhis aréat

Table~2,10  NUMBER OF DAYS ON PEAK FACTOR OF MAXIMUM DAY DEMAND
. TO AVERAGE:DAY DEMAND
(Jan ‘1, 1985 - Sep 30, 1985, Ubon Treatment Plant)

NUMBER OF DAYS

Peak o

CFacter JUAN. FEB. MAR APR  MAY JUN JUL AUG  SEP  Total
1.35f¥ - - - - - - - - - 0.
1,30 ~ 1.34 - 2 2 - - - - - - 4
1.25 - 1.29 . - 3 6 - - - - - - 9
1.20 - 1.24° = .2 4 - - - - -~ - e
1.15 - 1.19 = 4 9 - - - ~ - - 13
1.10 - 1.14 - 9 3 6 4 2 - - - 24
1,05 - 1.09 3 2 . 1 . 9 7 1 - N - 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
'range 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 éays;that the_méximﬁm of 1.30 - 1.34 size occurs in February or

- ‘March most probably.
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The peak factors employed in other cities'_pian'are referred and cited .

bellow:

Name of City: ' Peak Factor

- Bangkok _ o 1,20
Khon Kaen ' T 1.37
Udonthani 1.30
PWA Criteria o 1.s00

e e e e e At i A B o Y T e e —

1.30 was adopted and applied to the Ubon and Warin Mdhidipalities, Ubon -

Sanitary District and five villages.

'Table—z,il showing the maximum day demand is calculated by the-peakffacfor-'
and the average day demand in Table-2.9. The maximum'and'aVerage'aéy. 

demands are plotted.in.Fig—Z.é.

Table-2,11 MAXIMUM DAY WATER DEMAND

AVERAGE DAY 19,060 24,290 31,230 40,330 - 50,170 . 60,870
DEMAND B IR
PEBK FACTOR - 1.30 - 1.30 1.30 1.30° 1.30 1,30
MAXTMUM DAY _ : | R o o
DEMAND 24,780 31,580 40,600 - 52,430 = 65,220 79,130
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APPENDIX 3 = STUDY ON WATER SOURCES

3.1 . Introduction

This Appendix aims to review and summarize the water resources conditions

for the fuﬁure water supply development program of Ubon and Warin.

"The S§ﬁd9'was_cérried'out'On'both surface water and groundwater conditions,
from December'16, 1985't0 Februafy 13, 1986 and from June 1 to August 31,
1986, to prepare the Development Plan and Feasibility Study on the Prov1n-

.01a1 Water Supply Project.

From the.viéw'pointsqu the climatic, geographical, topographical, hydro-
1ogica1; and hydrogédld@ical.conditions,”the availability of water - '
_resources and p0351b111ty of developlng them to meet the planned future

'water demand, has been studled in detail as seen in the following qectlons.

.ASIQhaliﬁative assessment of wétef reéources is as important as quantita-
tive one, an appenaix, Appendix 4, studying exclusively water guality in
the area has been prepared by the team. In this report, the relevant

matters are refefred'to and quotéd from it.

3,2  Location and Topography

_The prbjéct-areés'of.Ubon Ratbhathani, Warin Chamrap and surrounding vil-
lages.ﬁamély Ban Mai.Khahg,.Ban‘Hat Suan Ya, Ban Thé Bong Mang, Ban Pak
Huai Wahg'NonQ; and=Ban'Don Kléng are located in the eastern edge of the -

_Khorat Plafeéﬁ énd/or the'Mﬁn‘Chi River basin in the northeast region of

Thailand. (Fig-3.1)

" The Mun*Chl Rlver ba51n, having over 117, 000 sq km of drainage area, is
:.formed malnly by the Khorat Plateau which largely covers the northeast
'?rcglon. The mean altltude of Khorat Plateau is abouL 156 m MSL. The Mun
1fand Ch1 Rlvers join together at about 10 km upstream and west of Ubon.
:;From Ubon.‘where the rlver is at the elevatlon of approx1mate 114 m MSL

down to the Mekong confluence at elevation 90 m MSL.

ﬁepdrtédly, the Pak Mun Reservoir is under planning in the area, as a part
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of: the Mekhonq River Basin Developmeht Project. The Pak Mun Dam site is
-located at about 70 km downstream of Ubon city and the normdl hlgh water

level of tne reservo;r is planned to be at 112 m MSL, {Fig~3.2)

‘Ban Hat Suan Ya and Ban Tha Bong Mang, a part of the p]anﬁed service area
_under the study, are two communities lacated at around 113 . MSL on the

bank of the rlver. They have been flooded in the past sometimes.,

_The'communities;may be submerged. by the backwater of the dam oroject occa~—

sionally or permanehtly.

Regarding the Pak Mun. Project,'envirohmental and ecological  -studies are
- sald to have been completed in 1982 However, implementation as part of
" the’ mld texm program before 2000 or of a long- term program after 2000 has

not - been planned yet, reportedly.

ThlS water supply plan for 2010 wrll not be affected by the dam prOJect,

'therefore.
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3.3 Climate

Thé climate of Ubon area is governed by thé tropical monsoons which are
characterized by the southwest monsoon, northeast monsoon and tropical
storms. . The southwest monsoon usually extends from mid-May to September,
rainy season in Thailand. October is the transition period of the sou-
thwést monsoon to the northeast monsoon, the northeast monsoon, influenced
‘hy the Northern Hemisphere winter, extends from November to February, the

dry season,.

Fig”3.3 illustrates the monthly precipitation in 1981 at Ubon, in compari-

son with the average monthly:precipitation during the period of 24 years in
.the area. Rainfall usually starts at about mid—April, reaches its peak in

August and tﬁen ends gradually at about mid-October. From August to Septe-
mber in the rainy seaSon, freguent heavy rainfall occurs, caused by thé

depression originating in the South China Sea.

The dlimétoloqical data of Ubon in 1981 are summarized in Table-3.1,
.Regarding the maximum temperature in a month, the highest was 40 degree C
in April, the beginning of the rainy season and the lowest 33 degree C in
Decenber and January in the dry season. Regarding the minimum temperature,
the highest was 23 degree C in June - August and the lowest 12 degree C in

“Januvary.

The averége annual pan evaporatibn was 2,060.8 mm in 1981, at Ubon. Evapo-
ration normally changes by the season. During the rainy season, the evapo-
ratibn rate is usually lower than in the dry season and the maximum evapo-
ration occﬁrred in March., The evaporation varied from the lowest 152.5 nm

in September to the highest 226.5 mm in March,
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3.4 Hydrology

As the Mun-Chi river, joined by two ribersg.is the importaut water source
for Ubon and -also the northeast Thailand region, more ‘than one hundred '
streamflow gauglng ‘stations have been ins talled in the Mun and the Ch1 -
rlver and thelr tributaries smnce 1950. They are under operatlon mostly by

RID and NEA, as shown in Fig-3.4.

Ubon Ratchathan1 is located at 10 km downstream of the Mun Chl confluence
and the dralnage area of the Mun- Chl river measured at’ the gauglng of
station Muang Ubon Ratchathani (M7} is: 106 673 s¢ km, Based on the RID-

' records of 1983, as summarlzed in Table 3. 2, the mean annuai-funoff is
19,532 MCM from 1950 to 1980 and an average annual yleld of runoff is 5.81
llt/sec/bq km; or 0. 183 MCM/sq km as of the dralnage area.-

From the past data, the runoff at the statlon M7 seems to change cycle on a
30 years period.: For 1nstance, the runoff 1n 1955 - 1980 fluctuated from
the minimum of 8, OOO MCM/yr to the maxlmum of 41, OOO MCM/yr..

The NEA'gauginq'station at Ubon, whero the drainaoe area is siightly'less
(104 000 sg km) than the above quoted, reglqtered the average dlscharge of
625 O cu m/s (19,710 MCM/yr) from 1951 to 1981 The largest_was 7,260 cu
m/s on Qctober 17, 1978. ' o :
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3.5 Available Water Resources
C3.5.1 - Surface Water

To 'eva_luate the h';ydrologic conditions of the Muu River, two drought years,
1968 and 1981, were selected 1n the hydrologlc yearbooks of RID and NEA in
1952 - 1984, In ’I‘able 3.3, the monthly precipitation and runoff of the two

yaars are shown.
Of the two, 1968 was studied further as it was worse than 1981.

_The_ NEA_data recording 'e'\?eryday's maximuam, average and minimm flow were

a_na'l'yzet:‘l‘. and ‘used in __tv.s.vo-ways'f as.illustrated in Fig—3.5 and 3.6.

In Fig-3. 5', thel dail‘y‘ a'verage' was plotted from .January to December 'in a
'curve and from the curve, the second curve of accumulated probablllty was
made. On the second curve, the flood flow, nomlnal flow and droughty flow,
_accord:mg to the hydrologlcal deflnltlon, were de51gnated "The - droughty
'flow 1s deflned as a flow rate, the probability of occurrence of lower

than which is 30 days 1n a year.

Flg 3.5 shows that the monthly runoff of August, September and October x»ere
15, 41 and 23 % of the annual runoff respectlvely, t_otagl:.ng 79 % in the
three mont:hs. It suggests that flood and drought ocour cyclically.

Fig-3.6 shows the max:i..mum., mean and minimum of ‘both flow and water level.

The water level data were needéd in judging the ‘problem of flow intake,

Coﬁclusi\‘rely.'fronl. the two fi'gures,'the droug'hty. £1ow in"Fig—3.5, 44,8 cu
B m/s and “the mlnlmum runof f :m flg 3.6, 41.8 cu m/s, are acoroximate and the
‘both are, far larqer than the present water supply J.ntake, 0.32 cu_m}’s._ |
Regardlng the water level of the rJ_ver,_ fal 11ng down to 1.56 m under the

low flow, no 1nconven1ence. is felt in the operation of water intake,

Flow 1n ‘the Mun: r]_'.ver :],arge.ly fluctuates ‘with ma}_{imum level variation being
abeut 8.0 m. -I_u' 1968, a drought year, the maximum. and minimum flows
records: 2, 400 and 44. 8 cu Iﬁ/érac, respectlvely. Still the minimum flow is

far higher Lhan the . present intake’ flow of 0.32 cu m/sec (27 840 cu m/day),
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© NAM MUN RIVER FLOWS AT UBON, 1968
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'Turﬁidityiof the Muan river and'Mun Noi river water is generally high in the
begihuing and during the rainy season, while very low during the middle of
the dry season.'-The turbidity ranges from 2.4 to 54 5i02 unatq and pH
-ranges from 6. 6 to 8.0, staylng is on lower side in the rainy season,
’Alkalllty ranges from 10 to 84 mg/llt as CaC03 and it tends to remarkably

decrease-ln the rainy season. (Appendlx 4 Water Quality)

‘Water guality of the rivers:is mostiy aCceptabie; except for -the alkali*
‘nity. Even though the low alkallnlty has not a[fected treatment seemingly,
feedlng alkallne chemicals w1ll be desirable for treatment and for protec-

tlon_of asbestos cement plpes against corrosion,

_The Muhzgiver flow.ie abuhdant and the quality'acceptable; throuqhout the
‘.year; 'the prdjected water demahd ianOlO ie 81, 140 m3/day and thée esti-
._mated drouqht flow in the drlest year of 33 year% perlod is 44.8 w /e, that
isy 3,870, OOO cu m/day. The water demand is only 2 1% of the drought
'%flow. Therefore, the Mun Rlver is a su1table water source for the public

water supply of. Ubon and Warin- Waterworks.
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