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3.5.2 Groundwater

Groundwater in tho Ubon area is available from the Alluv1al and terrace.

. deposits and from aqulfers of the Mesozoic continental sedlmentary rocks,
mostly formed in shale, siltstone and sand&tOHE. Fig-3. 7 summarized the
.hydrogeologlcal conditions 1ndlcat1ng the availability of the area's
groundwater, based on the published hydrogeoloq1cal map by DMR, 1973, 1978

and 1983, and other relevant information.

GrOundwatér developmeﬁt was made mostly- for domestic usés since'1950, by BD
(Housing.DeVelopment), DMR and ARD which_a;e responsible for prdviding
water wells of domestic uses for the communities. Dﬁring 1958 teo 1981, it
is said that in the area of Ubon, more than 300 deﬂpwells were drilled.
Most of the deep wells are about 20 to 65 m deep and the static water level

ranges from 2 m to 13 m, "

The specific capacity ranges from 46 to 735 cu m/d/m and it is'high rated.
.in some wells. However, the usual dlscharge of productlve aguifers consis-—
ting of sandstone, siltstone and karstic limestone are ranges from 250 to

500 c¢u m/d.

In addition to the deepwells, water can also be obtalned from the uncon-
‘fined aqulfer of alluvial and Lerrace deDOSJt, by meéans of shallow or dug
wells., Most wells have depth of 10 m to 15 m and water level of about 2 to:
5 m below the qround surface. The groundwater level fluctuates seasonally
within a range of 3 m to 7 m usually, and sometlmes as much as 10-m, .
correspondlng similar change of the Mun rlver level., The aqulfers are
thought to he recharged throuqh percolatidﬁ=of rainwater and from the flows
in the Mun and Chi rivers. The peak.levél usuéily oceurs in the period
from Bugust to November, while the minimum’ level in the months of April"

June.

- However, many of shalloﬁ wells are dried durxing the dry period in mény
places. Hydrochemlcal analysis on groundwater from unconflned and conflned
aquifers, based on the reconnaissance survey and ex1st1ng 1nformatlon,
salty water and high iron content of water have been encountered in the

ared.

It is reported that a Salt Formation of upto 250:m thickness lies at about
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30 m below'the ground near the Ubon city, Groundwater of more'than_20 m
.deoth is generally saline in some area aear Ubon. Therefore; groundWater

development should be carefully studied.

Groundwater has not heen used by.fhe'Ubon and Wérin‘w&ter@crké till now and.
1n future, it will not be recommendable for the publlc water supply, -
because the yleld of wells, estlmated at about 250 to 500 cu m/day, ig too
_ small:for the size of: supply. AKlso, salty water containing almost 3,000
ppm chlorine and 0.4 to 5.0 ppm iron is obviously uasuitable.ae the raw

 water of the supply.

Details of the water'quality are reported in Appendix 4,

3.6 Water Resources Development Plan

Fig-3. 8 concludes the ex1st1ng water source and’ water resources development

plan up to the year of 2010,

The Ubon and Warln waterworks depend their water sources on Lhe Mun and Mun
Noi rivers Wthh have abundant discharge Lhroughout the year° At preqent
{1986), the waterworks 1ntake rate is 27, 840 cu m/day or abouf 10 2

MCM/year, a minute portlon of the runoff of 19, 500 MCM/year,_

Groundwater is also avallable from the Alluv1al dep051ts and Me50201c _

sedimentary rocks. Most of the wells are about 20 w to 65 m deep and - yleld‘
about 250 to 500 ecu m/day. However, salty waLer and hlqh iron contents are'
detected, due to the ex1stence of salt formation at. about 30 m below the

ground .

The  demand for expansion in the year of 2010 is 52, 160 cu m/day (O 60 cu -
‘m/s). It is still a fraction of about 40 cu m/s droughty flow of the -

_river.
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~The recdmmenddble water source development program is shown as follows.

‘T, . Present Water Soﬁrce (1986)

1) Mun / Mun Noi Rivér e ._ 27,840 cu_m/d'
II. Water.Resources Déveloﬁmént:(up to 2010)

i) The Year 0f'1991
_ Mun / Muh Noi River : 3,160 cu m/d
"~ 2)  The Year of 1992 |

_ Mun / Mun Noi River 22,000 cu wm/d

3)  The Year of 2001
Mun- / Mun.Nbi River z 27,000.cu m/d:
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APPENDIX 4  STUDY ON WATER QUALITY

‘4,1 Water Sources

Ca, 1.1 _ Mun:River and Mun Noi River

The Warin'T;eatment_Plaﬁt takes water from the Mun River while the Ubon
Treatment Plant trakes it from the Mun Noi River. The Mun Noi, River, a

' bYPasS.flOw of the mdinstream Mun River, branches off at the 6 km upstrean

'901nt of the Ubon Treatment Piant's 1ntake and joins at the 3 km downstream

'polnt thereof. Therefore, the two rivers' water quality is very 51mllar.

'The reqults of, water quallty analysis of the Mun Noi and Mun Rivers, made

by FWA and the study team, are shown in Table-4,1,
1) Characteristics of water
~a). Color
The'valﬁe,‘;anging from 10 to 35 Pt. Co units, is moderate to
‘relatively high.and stays at the higher side in the rainy season and
the_beginning of the dry season.
b)  Turbidity
-The value varles from 2.4 to 54 SlO? units by the PWA analy31s and
_ffrom 8 to 18 NTU by the team's analy51s, It tends to rise in the
rainy season and_the beglnnlng of the dry season.
c) pH

: The. value ranges from 6 71 to B.05 satlsfylng DWS . and it is on the

lower 81da in the ralny season.
d)- Alkalinity

The value is lbw to maderate ﬁa@qing from 10 to 84 mg/1 as CaC03, and

it is on the lower sideé in the rainy season.
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Hardness

The value ranges from 15 to 78 mg/l as CaC03 and it is very low in the

. rainy season,

“Iron and Manganese

The'value'is within DWS"dn the dry'season. Iion‘concontration tends
to rigse in the ralny season, while manganese is steady through the
year, judged by the 1980 data, as recent years’ data are not

available.

Chloride

'The value ranges from 18 to 135 mg/l, and it is on the hlgher side in
'the dry sea_sc_m_f Even the hlqhest value is within DWS, 250 mg/l

.Organic_poilution

A small amount of nitrate. is detected, and also ammonia and nitrite,
butjin_fer_emaller-emounts. Coliform gfoup,-thdugh-detected, is low

in number. 'They indicate that the pollution is not fresh and heavy.

Evaluation

eBoth the Mun and Mun N01 Rlvers can be used for the publlc water
: supply in future.” However, attentlon should be pald to treatlng the

Traw water of Wthh quallty changes 1n the dry and rainy season.

_OtherVSQefces

'Fven in the pub11c serv1ce s servlce area, a substantlal number of

.household and’ commerc1a1 users. are found to be u51ng shallow wells, about

H'10 m deep._ People in the surveyed flve v1llages are relylng on rain water

'and/or well water.
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Fig-4.1 shows the location of sampled wells and the result of guality

analysis is shown in Table-4.2,

Ubon and Warin Area (5T.1 to ST.5)

As seen in the table below, all wells éampled were found unsuitable for the
public water supply,_because'all of them were unacceptable regarding some

of the itemized conditions.

UNACCEPTABLE CONDITIONS

.STkl | gr.2 | S7.3 ST.4 | ST.5
ow pH ( <6.:5)‘ | . x x . .
éigh:iroh ( §1.o mg/l) *
High Ammeonia ( >0.5 mg N)l) * * * *
Higﬁ Nitréte { >10 mg N/1) * o . *.

NOTE: ST: Sampling station

*: Yes

Villages (8T.6 to ST.12)

Manually dug wells are widely:uéed_in the surrcunding villages of Ubon and
Warin, But these wells afe'nbt p:oﬁected properly from possible contami~
nation caused by unsanitary conditions of unclean rope.and bugket, absence
of adequate cover of the wells, and absence of an apron su:fbundihg the

wells to prevent seepage of wastewater.

As shown in Table-4.2 it is presumed that most of tﬁe_wells_ahélYZed:are
contaminated bacteriqlqgidally. The water is not suitable for human
ingestién unless disinfected, though- it can be used for"dther ddmestic-

' éurposes.
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4.2  Treated Water
4.2.1  Existing Conditions
Table—-4.3 shows the results of water quality analysis made by PWA on the

raw-and treated weter. Fig-4.2 shows the monthly average dosage of alum

‘and chlorine.

Present condltlons of the treated water quallty are descrlbed below based

on the data.

_"a) Of the. tesLed 6 samples of the Ubon Treatment Plant and 3 samples of
. the Warln Treatment Plant, the cases exceedlng DWS are numbered as

-folloWS:respect;velyw

Ubon Plant Warin Plant
Coior : 1 . . -
Turbidity : = ° 2 3
pH " .: 4 ' 3

These'coﬁditioﬁs are due to‘the absence of alkali treaﬁmenﬁ and
1mproper alum doeage Judglng from the present raw water quality, it
15 not dlfflcult to meet the DWS requirements, if the alkall and alum

' dosage are. controlled and the filters are operated properly.

b)  To treat the raw water of low pH. low alkalinity and high turbidity
in the rainy season, alkali together with alum dosage is

.-iﬁdispensable.-'

‘Because of the low alkallnlty, coagulatlon effect is remarkably
':_lessened 1n treatlnq the high turbidity whlch,demands relatlvely hlgh
dosage of alum.' Poor coagulatlon may have led to the turbidity break-

. through in treated water.
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The low pH,Ifurther lowered by the alum dosage, will possibly cause

pipe coYrosion.

To deal'Qith these problems, alkali dosing should.be done only when

necessary.

_c)' The aforementioned alkali dosing will_be needed dnly ih the'rainy
season and not in the dry season when alkalinity and pH of the'faw
water are high, in addition to low turbidity. In order to decide the
optimum alkali and alum dosing, a jar teést should be made carefuily.

and régulagly.

d)  The chlorine dosage fluctuated'through.the period recdrded-ih Fig—4 2
and averaged.z 02‘mg/l The reason of fluctuatlon is 1nexp110able. E
To keep the water guality safe and palatable attentlon Should be paid

to dosing a constant rate of chlorine, unless_necessxtated otherw1se.

As seen in Fig-4,3, residuel chlorine was detected at.all'tape in the
surveyed area, provihg safety of the water. However, residual chlo-
rine, above 1 mg/l detected in the whole Ubon area and as hlgh as 1.8
mg/ 1 found at many. spots in Warln area,'lndlcates obvious uneconomlcal
over—dosing., Control of chlorlne dosage w1th contlnuous monitoring of
the residual should be practlced Wh;le, 1nvestlgat10n should be_made

to find the cause of the low residual at several points in Warin area.
Perlodlc monitoring should be strengthened in the whole water supply
area in order to malntaln a certain level of chlorlne reSLGue as well
as to prevent over- d081ng. '

4.2.2 Improvement of Treatment Method

To improve the treated water quality, rectifying chemical doeihg and filter

operation is needed.
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] > 1 33 1.8
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Fig-4.4 shows the proposed treatment operation practice COnsiderihg the

characteristic of raw water and practice of the existihg treatment plant.

a)

by

<)

d)

e)

0

Fig-4.4 FLOW. SHEET OF TREATMENT PROCESS

ALUM DOSAGE ' CHLORINATION

. : RECEIVING HIXING FLOCCULATION SEDIMENTATION 'RAPID SAND CLERRWATER [y, SERVICE
RAW waraa@ : . o AKREA
WELL WELL BASIN ] BASIN o FILTER - 4 BESERVOIR .

i

PRE-ALKALI DOSAGE POST-ALKALL DOSAGE .

Pre— alkall dosage is useful in optlmlzlng coagulatlon effect in the_
rainy season, It will not be needed in the dry ‘season when alkallnlty

and pH of raw water are h;gh and turbldlty is low.

Alum and pre-alkali dosage should be determined by jar testing
Chlorine dosage is subject to chlorine demand test and chlorination
should be checked of its performance by surveying residual chlorine of
the dead end of service pipe. . N i

Post-alkali dosage is-effective iﬁ‘inhibitiﬁg corrosion of pipes.

The timing of filter backwashing shall be gudged oy the head loss and
turbidity of flltered water,

Filter sand should be checked of éleahéss_qccaéiéﬁélly,'by sampling

sand of different depth and scrubbing it by hand in clear water.
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'APPENDIX 5 . QUESTIONNAIRE SURVEY

..5.1" Objective

'The JICA Study Team conducted a door-to- door queotlonnalre survey as a part
.of the Development Plan and Fea51b111ty Study. on ‘the PrOV1n01al Water
.Supp;y_PLOJect in the Klngdom of Thailand, in cooperation with the count-

erperts'of the Prov1nc1al Waterwgrks authority.

This:surﬁey‘was‘intended to obtain'the'basic ahd direct-iﬁfofmation'on the
_present water use pattern of the 1nhab1tants in the pro;ect area 1nclud1nq
‘thElI w1lllngness for house— connectlon supply. These results of survey

_w111 be used for - preparlng the Development Plan and Feablblllty Study.

5,2 Survey Areas and Tnlerviewees

The survey area covered all dlstrlcts in the project areas, 1nc1u51ve of
both the served and unserved area. The 901nts where the questlonnalre

survey was conducted are 1lefed as fo1lows and shown in qu 5.1 (1) and

.(2)

:1)"Ubon:aﬁd“Wafin_ -
2). bbon Sanltary Dlstrlct
'3)"F1ve v:llages (Ban Don klang, Ban .Pak Huai Wang Nong, Ban Tha Bong

- Mang, Ban Suan Ya and Ban Mai Klang)

"The interuiewees_ihcluded not cnly the present consumers of the PWA service

but also theipeopleIUSing other water sources.
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5.3 Survey Items

As seen in Table-5.1(1) and (2), the questionpaire form used for the survey

consists of the following ten items:

Ubon -and Warin Municipalitiés _(Table—S.l (15).
-1 Tyée of Buildiﬁgisurveyed
Q-2 :Type of Wéter:Supply Source
0-3  Number of PersQns per Connection
Q-4 Numberiof'PeksbnS_péf Household
Q~5 Curfént.Status of Water.Supply '
Q-6  Monthly Averaqe Water Coﬁsumﬁtidn :
0o-7 Averdge Cost of Water per Month
Q-8 wllllngness to be Connected to MunlClpal System '
0-9 Willingness to Pay for Water per Month

0-10 Average Monthly Income per HousehOld

For Ubon Sanitary District and five viliéges
0-1 to 97 in Table-5.1 (1) o
0-8 to Q-10 in Table~5.1 (2}

5.4 Survey Method

The survéy team consisted of staff members of the JICA teém, threé offi=
cials from the PWA Head Offlce, personnel of the PWA Reglonal Offlce and

thL Ubon-Warin Waterworks.

The totalfof 48. local people; employed as interviewers, were engaged in the
survey and the interviewees, numbering 1475 in tatal, were selected ran-

domly .

Questioning was made by ‘the 1nterv1ewer, a851sted by the local PWA personf

nel, under the guldance of PWA Head Office Staff

The survey was conducted on the 4th through 6th of February, and the 24th
of July, 1986, . |



Table~5.1(1) QUESTIONNIRE FORM
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B 5.5 Survey Results
5.5.1 ~ Ubon -and  Warin

Thé: survey. results are summariied in Table-5.2 and shown in Fig#S.IZ {1} to

(6) graphically.

1) Type of Building Surveyed (see Table-5.2 and Fig-5.2 (1))

Of the 1,045 households answering the captioned question, 61.0 % lived in
residential-only (purely vesidential) buildings while 23.4 % in residential’
_fcommer'cijal buildings. Al.'tdgether 84.4 %, most of the 1,045, lived in'the

residential-purported buildings and consumed water for domestic uses.

2) "Type of Water Supply Sources (see Table-5.2 and Fig;S.é' 1y, (2N

Of the"]...,(.)tlg .houéeholds. ‘answering the captioned question, 63.1 % u_séd the
municipal sys{:efn only, 5.4 % the mu_ni_ci_i:gal' éystém and other sources and
.31.5 % used other sources only. (Fig-5.2 (1)_)'. Fig-5.2 (2} shows how the
other sources were used. When the two gréphs are cor&bihed, the ground-

" water's share is the largest, ;350 of the total §87, or 90.4. %, fc;ll_o'wed by
rain/ri_v_er wa‘ter".s 3.9 % and -the- watef .‘buyer's.; 3.4 3. The groundwater 1is

used by the overwhelming majority of the users of other sources.

3)." Current Status . of Vﬂater Supply’ (T:able#5.2, Fig-5.2 (3))

Of the 657 households using the PWA system wholly or partly, 74.3 % were
.f:'our'ld to be dissatisfied with the service. Of the reasons, 51.8 % of the
488, pdi’nt_ed ‘out _c'ombined reasons, 27.1 % ihstabi].ity, 19.3 % costliness
- and 1.2 % Yow pressure. :

4) M.onthl-yiAveré.g'e Consumption and Payment (Table-5.2, Figz5.2.(4))

Consumption and payment are closely related. Of the 701 households sur-

v'eyéd., the  less-than-15 cu m/month consumer, numbering 187 and comprising



Table-5,2

UBOY $ HARIY

SURVEY RESULTS

A5 -

QUESTIDYYATRE

UROX  WARLY TOTAL

&1 :Type of Building Surveyed

Pure Residential
Residential & Commercial
Pure Commercial

Institut bonal

Industrial

Ko Anser

- TOTAL ]

@2 Type .of Systen Supply Sources '

A Numclpzl Systen Iln]y

B Humclpal Syslau Plus Other Sourees

: Rain/River Vater
B-2 t Pond / Reservoir ¥ater
B-3 ¢ Yater.Yender
B4 : Groundwater
B-5. ¢ Cosbined Sources

€ :Sources Other Than Municipal Systew .

C-1 : Rain/River Water
C-2 & Yond / Reservoir Water
C-3 & Water ¥ender
C-4 : Croundwater .
€-5 : Conbined Sources
D :Xo Answer

Sub total A+ B
Sub totz] O
TOTAL &2

-5 :Current Status of Hater Supply
¢ hunicipal Systerw)

A :Satisfactory
B :Unsatisfactory
51 : Poor fuality
B-2': Low Pressure
B-3 ¢ Dnstable
B-4 : Expensive
B-5 1 Combined Reasons
C Mo Arswer

TOAL @5

-6 :Honthly Average ¥ater Consusption

1 ;Less than 15 »d
215 -3

3 330 - 50

4 5075

575 - 100

6 :100 - 150

T :150 ~ 200

8 2200 - 300

9 :lver 300
10 :Ho Answer

THTAL @6

218

—
o]
@O -

ot

1
398

=

RERE o
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. 246

145

12
14

1053

662

wB ook

g

&1 shverase Cost of Mater Jer Honth-

1 :less tan 50 Baht
2 :50 - 100

3 1100 - 150

4 :150 - 200

§ :200 - 300

6 300 -.500

7 :500 1,000

8 :1,000 - 5,000
9 ;5,000 - 16,000
10 ;0ver 10,000
11 :¥o Answer

TOTAL &7,
@8 :¥illingness to ba Connected
.
2 :Ke
3 ¥o Answer

TOTAL 0-8

-9 ;Hillingness to Pay for Kater per Nonth

tUpto 50 Baht
100
200

TOTAL &9

0~10:Average Konthly Ircoxe per Household

A Sesrces Uther 'lhan Hunlc.pl Systeg

1 :Less than 2, 00 Baht

2: 2,000~ 3,000

3: 3,000 = 4,500

§ ¢ 4,500 - 6,000

§: 6,600 - 7,500

§': 7,560 ~10,000

7 : 10,000 15,000
: 15,600 -50, 00D

.9 var 50,000

10 No ;\nsmar

Sub total Q-IB'A

B 'Humeipal Systssn Plus Suurces
1 :less than 2,000 Baht
21 2,000 - 3,000

3: 3,000 - 4,500

4 : 4,500 ~-E,000

& B,000 - 7,500

61 7,500 -10,000

T : 10,000:-15,090

8 1 15,000 -50,000

9 :Over 50,000

10 :Ko fAnswer

Sub total 0-i0-B

- TOTAL @-10
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26.7 %, ‘corresponds to the less—than 50 Baht payer, numbering 126 and
‘comprising 18.0 %, Likewise, the 15-30 cu m/month consumer corresponds to

the payer of 50?150-Baht.

It also indicates that a limit in economizing cdnshmption and payment

'éXists at rather low level.

5) Willingness to be connected to Municipal System

(Table-5.2, Fig-5.2 (5))

By the people using sourcés other than the Municipal system, the captioned

guestion was answered,
Nearly 52 %, or 160 of 307 of the answers, were positive,

. Therothers; 47,9 %, were not willing to be connected, which might be due to

use of groundwater and/or high water tariff,

6) Willingness to Pay for Water per Month (Table-5.2, Fig-5.2 (5))

Of those repliers willing—to-be-connected péople, more than half i.e., 895 .
out of 150, answered 50 Baht or less as a willing-to-pay amount. This
percentage contrasts with the finding that presently the less-than—-50 Baht

paYing group compriges only. 18.0 % of the total.

75 Average Monthly Household Income (Table—5.2, Fig-5.2 {(6}}

330_cher sourcés~than?Municipal system users and 682 wholly-or-partly-
_.Mﬁnicipal—System users were questioned and the result is shown for each

separately,

Obviously, the incOme_leveis.differ between the two. The less-than-2,000
: ﬁaﬁt income.groﬁp bompriées 39.4 % of the non-users and 18.3 % of the
wholly%or“partly.uSets. ‘The 2,000—j,000 Baht class is 34.3 % and 30.4 %
3r¢spe¢tively.- Seemingly, a separation line of income level between the

affordable and not-affordable exists at around 2,000 Baht per month.
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8) "System Connection by Income Bracket (Fig-5.3)

To find the relationship between per capita income and individual house-
connection ratio, screening of data, which was collected during the ques-

tiornaire survey, was made by taking the following steps:
a) Selecting all families having less than 20 family members,

b) Selecting all families in thé‘residential—ohly dwellings and
residential-commercial dwellings from selected families in step

al,

c} Classifying the above selected families by'per cdpita income

brackets, and

a) Grouping the cléSSified families whefher they have services .

through individual house connections or not.

As shown in Fig-5.3, there is an. apparent positive correlation between the
_per capita income and individual house connection services. . It is also
‘observed that nearly 70 % of families whosé incomes are higher than 1,000

Baht have PWA services through indiﬁidﬁai houSe.éonhéctiQhé.

5.5.2 Sanitary District and Five Villages

The survey resullts are summarized in Table-5.3 and shown in Fig-5.4 (1) to
(4) graphically.

1) Type of Building Surveyed (see Table*5.3.and'Fig—5.4'(15)

Of the 299 housecholds answeiing the captioﬁéd question, 84.9 % lived‘ih';

reéidential-only'(purely_residential) buildinés while the rest, 15.1 % in

residential -commercial buildings. All ofitheﬁ lived in the residential-

purported buildings and consumed water for domestic uses,
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Table-5.3 SURVEY RESULTS

VILLAGES § EBOY S.D

 QUESTIONMAIRE

TOFAL

G-1 Type of Bullding Surveyed

Pure Residential
Residential § Cowmercial-
Pure Coxeercial

Institut jonal

Industrial

No Anser

TOTAL @1
-2 :Type of Systen Supply Seurces

A tHunicipal Systes (nly
B sHunicipal Systes Plus Other Scurces
B-1: RainRiver Water
B2 + Pond / Reservoir ¥ater
B-3 : ¥ater Vender
B4 : Groundwater
© B 5 Cowbined Sourees .
C iSources Other Than Munlcipal Systen
C-1 : RainARiver Water :
(-2 : Pord / Reservoir ¥ater
C-3 : ¥ater Vender
C-4 1 Groundwater -
€-5 : Coxbined Seurces
D :No Angwer -

Sub total G + B
3ub total ©
AL 2

-5 :Cerrent Status of ¥ater Supply
Hunicipal Systers)

A :Satisfactory
B :lnsatisfactory .
B-1'; Paor Quality
B-2 ¢ Low Pressure
B-3 : Instable
B4 ¢ Expensive’
B9 : Corbined Reasons
C Mo Answer

J0AL @5
0§ :Hosthly Average Water Censusption

1 :less than 15 a3
215530

3330~ 50

450 - 75

5T - 108

& 1100 - 150
715 - 700

8 :200 - 300

@ :0ver 300

18 Ko Answer

TOTAL @-6

74

Lol — I — ]

o0

E— I — I~ I~ ]

: =
wBECmom

- 292

Bl o — T~ — ]

BRI R ]

zn

0-7 spverage Cost of Water 'Per_ Honth

"1 sless than 50 Baht
g sE0- 100

‘3100 = 150

4 2150 - 200

5 :200 = 300

B :300 - 500

7500 -1,000

.8 :1,000 - 5,000

§ 25, 00t - 10,000

10 sver 10,000
© 11 o Ansuer

- Y0IAL 67
8 :Hil!ingnas;é to be Connected
1 :Yes
2.
3 :No Answer

0L 06

&% :¥illingness to Pay for Water per Konth

1Epto 50 Baht

E2EEzus

oy
=4

;Eu Answer
T e
G-10:Average Honthly Incone per Nousehold

A :Sources Other Than Hunicipl Systes
1 :less than 2,000 Baht
S 2 %00-3,000
3: 3,000 - 4,500
4 : 4,500 = 5,000
6 B00D- 7,500
6 : 7,500 -16,000
7 : 10,000 -15,000
8§ ;15,000 50,000
9 sfver 56,000 .
18 Mo Answer

T07AL 010

OO oMo @M o

o
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2) - Type of Water Supply Soﬁtces (seefTaole—5.3 and Fig-5.4 (1), (2))

_Of ‘the 297 households answering the captloned questlon, only 5, or 1.7 %,
are rece1V1ng the munlclpal water supply. The reason. for the small per-
centage'of_reee1V1ng PWA ‘services is that PWA services are now being

offered'infonly a part of:Ban Hat Suan Ya..

Fig-S.d_(?) shows how . the other:soufcengere used by the unserved. of the
292 households. 15,0 % were using qroundweter~as the sole soﬁrce. Those .
'utlllzlng more than two of the four sources, i.e,, (1) groundwater, (23
'raln/rlver water, (3) pond/reserV01r water and (4) water vendors, amounted_:

3to 22.6 %,'w1th the ma;orlty u51ng oroundwate1 as a maln source.

73)‘ Willingﬁessfto be'oonnected to Muﬁicibal System

",(Tablee$,3QFigs5,4(3))

"By the people u51ng other sources than the Mun1c1pa1 system, the captloned_

"questlon was anowered.
of the 166 1nterv1ewees who are not receiving PWA serv1ces, 74 % are
' w1111ng to be connected to the PWA water system. The breakdown is shown

below.

"~ . Willingness to be.connected

| o Yes (%) No (%)
Ubon saﬁitafy'nistfiqt 68 32
,Ben Don Kleng_ S : 48, 52
,t Bss'Pek.Huai:Wang Nong - 68 32
‘.Bas”Tha:BonqiMengf - 93 7
Ban Hat Suan Ya 73 27
Ban Mai Klang S 85 15

‘Average . .74 26



A5 -~ 24

The willingness of -inhabitants in Ban Don- Klang is relativeiy low. The low
percentage is due to economlcal reaSOn, because 80 % of thoee unwxlllnq

repliers are grouped 1nto the 2,000 Baht or less monthly income bracket.

4)  Willingness to Pay for Water per5Mon£h (Fable-5.3, Fig~5.4 (3))

Of those repliers‘Willihq~to4be*connected.respOndents,.34.4 %;”iﬁa, 42 out

of 122, answered 50 Baht or less as a willing-to-pay amount.

5} Average Monthly Household Ihcome_ (Table—S.B,'Fiq%5.4 (é))
166 other eourceecthan—Municipal system users were questioned,-

Nearly half of the households were grouped into the less than -2, 000 Baht
:1ncome bracket, and two thlrd of them are wllllng to be connected, as shOWn
in Flg 5.4 (4}, Regarding this questlon, they were remlnded before

answering that a certain amount of connectlon cost would be. charged

Most of the 2,000-3,000 Baht income level gave positive answers, but in the
3;000—4,500 Baht' income level, the willingness'was'about 50 B . .

Most of the above 4, 500 Baht income qroup showed w1111ngness. Some of'
them, however, answered they were unwilling becdause they owned pzlvate-

wells.

Although the existence of wells and the-presect-income level_mey_effect it,
the willingness of the guestioned people is, as described before, 74 &, It
obviousiy indicates_the necessity of -publieg water supplyESefv;ce in the '

aread.
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APPENDIX 6  DESIGN CRITERIA
- The desxgn criteria mentloned herein -are applied to the preliminary design
) of the present prcjﬂct. They were concluded after studylng the PWA design

'icrxteria and the conceptq widely accepted in waterworks fleld and discuss~-
-1ng them w;th PWA,

6.1 Peak Factors

'Tha factors have not been establlshed as crlterla and the table below shows

- the peak factors planned for this project.

S Peak Factor by bay ‘Peak Factor by Hour
'jCitxZTown o " (Max Day/Ave Day) {Max Hour/Ave Houi*)
Chiangmai = 1.2 1.30
. Ubon, Warin 1.30 1.40
Pattaya 1.30 . 1.20
Suphanbﬁri ' 1.35 1.40
 Five 5.D.s |
in Chiangmai 1.35  1.50

' #‘Ave_Hour.= 1/24 Max Day

'Thé péak;féétot'by'day was.estimated for each of the domestic and tourism
H_demands-sépafatéiy.aﬁd the listed figure is the average. Using the peak
factors, the average day demand, maximum ddy demand and maximum hour demand

are calculated.
These demands are used in haking_calculation mostly of:
Average Day;Démaﬁdé.'financial and_économic study

' Makiﬁﬁm Day Demand: .proéuction“fécilify design

Maximm Hour Demand: distribution faéility design
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6.2 Water Loss in Production

Water loss is counted in the design of treatment facilities. Tt is assumed
to be 8 % of produdtion capacity including filter:waéhing and other in-
plant consumptions ‘ .

6.3 Concrete Structure

Concrete structures for production and distribution must be designed
.following the practiced design method prevailing in Thailand.

6.4 Pipeline

Pipelinés must be designed based on Conéideratioﬁ of hydraulic conditions,
geologic conditions, pipe and joint material and others,

6.5 Treatment Plant Facilities

1) Flash Mixing

Type of mixing ©:  hydraulic

Intensity, G (1/s) : 500 - 1,000 .
Time of mixing, t (s) : 1 -3

2) Flocculation

we

Type of mixing hydraulic
Nc. of stages <+ more than 3

Intensity, G (1/s)

i

10 - 70, tapered
Detention time {(min) : 20 - 40 ' :
Others o minimum Qf 2.basins,feésy remdﬁal_of scum

and sludge



3)

4)

Sedimentation

Type

Hydraulic loading

Flow velocity (m/min)

Detention time (hr)

Water depth (m)

Weir'loading'(m3/m.d)

Length/width_ratio
Sludge collection
Filtration

Type .
Filt. rate (w/hr)

"Filter Bed

Type

Minimum no. of filter

Minimum size of filter

Effective_size of sand
Uniformity coefficient

Mihimum_depth'

Underdrains

Typés.[

No. of gravel layers

Thiékness of each .

A6~ 3

rectangular basin, one direction
horizontal'flow

1 - 2 m3/m2/hr

0.3 -1

1.5 -3 |

more than 3 plus sludge deposit thickness
estimated on the interval'of.cleaning
less than 300 (less than 15 gpm/ft)

more than 5, dummy wall considered

manual

gravity rapid sand filter

less than 7, for declining rate filtration

single media

4 .
3mx4dm

0.55 - 0,75 mn

1.7
750 mm

ﬁipe lateral

minimum 4

: more than- 100 mm



5)

6}

Surface wash

Type
Rate (m/min)

Head {(kg/cm2)

Jet velocity {(m/s)

Backwash

Rate  (m/min)

Clear wéter Reservoir in

Function

Type

For backwash

Chemical Feeding
Alum

No. of tank’

Feeder

Lime

Objective

No. of tank

B6 - 4

fixed'nozzle
0.12 - 0.17
more than 1.0

6 - 7

_mofe_than 0;6

Tfeatment Plant
storage: for iﬁ—plént_cdnsuﬁptibnfindludihg
1baékﬁaSHiﬁg' .

: ‘elevated and/or ground level’

minimum storage for 2 filters consecutive

backwashing

‘more than 2 .

mgtefing'pump dr'manua1'cdntrdl with fiow '

meter, recycle bypass, corrosion-resistant

pump

_pH control for coagulation and/or pipe
protection agéinst'gbrrosion.

.‘:more than 2

At least 1 stand~by feeder is to be provided fbr=alumiaﬁd lime.

Gauges at outside of the tanks are preferable.
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2)
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Chlorination -
Chémidals form o 1. chlorine gas and/or bleaching powder
_Minimum storage © - : .1 months

':No;-of.standbyxchiorinator: more than 1

Scale : B ' ¢ periodical recording of consumptions to be
practiced

Ihétrumentation_

"Flow to befmeaéured : raw water and treated water of treatment

plant, chemicaig, chlorine

Level to be measuréd =~ : clear water reservoir, chemical tank

- Weight to be meaéured :  chlorine

"In selecting the measuring devices, durability, robustness, easiness

of operation and maintenance (éhanging parts,arépair) are to be

‘given priority to, for instance, high accuracy.

Distribution Facilities

Service Pressure

Thegminimum service'presSure_undér'the maximum hour flow is set at 1.0

: kg/cmz'for general application, except for rural area where 0.7 - 0.8

- kg/cm2 be tolerated.

’ Stﬁrage of Distribgtion'Resérvoir

When sufficient data regarding the characteristics of fluctuation area

.cdllected in futute,'thé'storage problems are to be studied.

Increasing the existing storage capacity is not considered in the
fehabilitation/mgdif}cétion works, but in the expansion works,

construction of a reserveir retaining © hour production volume. for the

expanded capacity is ‘planned.
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4)

5)
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Pipe Material

In selectlng plpe materlal, condltlons %uch as strength against lnter—
nal and external loads, suitahility to ground condltlons, workablllty
in existing conditions and 1nfluence on water quallty must be

considered,

Asbestos cement plpos, anti-corrosion coated when necessary, are to be:
used preferably for econom;c reasons. For cases requiring plpe
strength such as road crossing works and the 1ikeé, ductile cast iron

pipes are to be employed.

Pipe.size

-Pipé'sizé is to be ‘selected pursuant to flow requirements. In this

preliminary design, the maximum hour fiow is éﬁployed for the pipe

size selection,

Valves

The location of‘stop valves is éeiected'upon consideration of

convenience in operation and maintenance, such as:

- oohtrol of flow to equalize distribotion:or'reduce'éﬁoéSSive
pressure ' | .

- isolation of a section of distribution area '

- .isolation of in-line facilities like rai}way,Iriyerbed_crossiﬁq'.f.

and pipe;bridge
PWA criteria of 1 km minimum'distance is obéerved.

The location of drain valves is selected upon consideration such as:

- @mptylng a plpellne in emergency lLke buretlng

- drajnlng wastewater in perlodlcal cleanlng works

Air valves are to be'locaied at all tha peaks in a pibeliné!s profile.
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Fire Hydrant

The location of fire hydrants is selected upon consideration such as:

-~ existence of nearby natural - and/or man-made water- like streans,

canals swanps, etc,

= eharacteristics of the area to be protected, for instance, existence

' of factories handling inflammable matters, congested wooden housings,

etc.

" Anchor Block

Tofprevent'displaCement or slip—off of bends and tees, anchor blocks

-~ are used where necessary.

Drinking Water Standard

Tables 6. 1 and 6.2 show the PWA Drlnmlng Water Standard of Surface

Water Source and of Groundwater respectlvely.

The treatment fa0111t1es, prellmlnary de51gned on’ the’ ba31s of the

"de51gn crlterla in 6, 5 for proce551ng raw water of two surface water

B sources of_Pattaya, are requlred to produce treated water conforming

to the standard.
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~Table~6.1 DRINKING WATER STANDARD OF SURFACE-WATER SOURCE °

PHYSICAL PROPERTIES

'Color'(Platinum Cobalt Unit)
Téste

Odour

'Turbidity (Silica‘Scale Unit)
pH |

CHEMICAL PROPERTIES

Total Solids
Total Hardnesé'as Caco
Iron (Fe)

3

Maﬁgﬁnese {Mn)

Iron an Manganese

Copper (Cu)

Zinc (Zn)

calgium {Ca}.

Maqﬁesidm {Mg)

Sulphate (504}

Chloride (C1)

Fluoride (F)

Nitrate (NOB)‘ _
Alkyl Benzyl Sulfonates (ABS)

Phenoiic'Substahces as Phenol

TOXIC SUBSTANCES

Mercury (Hg)'

Lead (Ph)

A:éénic (As}

_Sélenium (Se)

Chromium Hekavalent {Cr)
Cyanide (CN)

Barium (Ba) -

Cadmium (Cd)

| MAXIMUM ACCEPTABLE

| MAXTMUM ALLOWARLE®

coNcBNTkATION(mg/l) _' CONCENTRATION(mg/1}

5 .

unobjectionable

unobjectionable

5
6.5 to 8.5

500
300
0.5
0.3
0.5
1.0
5.0
75**
- 50
200
250
0.7
45
0.5
0.001

0.001
0.05

1 0.05
0.01
0.05
0.2
1.0
0.01.

.15

-unobjectionable 

unébjectionable
20

. not 6ver 9.2

1,500 |
500 (WHO 1971)
 #:0-' |
0.5
1.0
1.5
15
200"
150 :
:256*§*
660
1.0
45
1.0
0.002
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_-Tabléée.l'ibkimﬁiNG WATER STANDARD OF SURFACE WATER SOURCE (cont'ed)

_ _ 5 _ o _ MAXIMUM ACCEPTABLE
" BACTERIOLOGICAL PROPERTIES . - CONCENTRATION.

.'Standard Plate Count (N/ml) o 500
Most Probable Number" _ c
Collform Organlsms (N/lOO ml) less than 2.2

Escherichla Coli T ' None
Notes:
* The maxlmum allowable concentratlon is allovable for waterworks and

we1l used for. human consumptlon temporarlly only and the water
property is between the maximum acceptable and maxlmum allowable and

will not be entitled to use the standardlzed trademark.

*k Ifithe Calciuﬁ (Ca)'is higher than the limit. énd fhe Magnesium (Mq)
: is 1ower, the 9tandard shall be consxderd as . Ca and Mg in terms of
total hardness 15 the total hardness calculatlon in terms of CaCO3
‘is loWer than. 300 mq/l the water is accord:ng to the standard

‘ cla551flcation of water hardness in the follow1ng-

]

0~ 75mg/l = Soft vater
75 - 150 .mg/1
150 - 300 mg/1

- up 300 mg/l

I

Mean hard water .

Hard water

Very hard water

Ckxn I the Sulfate value reached 250 mg/l, the Magnesium (Mg) shall not
‘excéed 30 mg/l.
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Table-6.2  Drinking Water Stan&ard_of PWA (Groundwatéx)

MAXTMUM ACCEPTABLE MAXIMUM ALLOWABLE

PHYSICAL PROPERTIES : CONCENTRATION (ing/1) = CONCENTRATION (mg/1)
Color (Platinum Cobalt Unit) 5 ' . s0
Tdrbidity (Silica Scale Unit) 5 o :féo

pE - : ' 7.0 to B.5 C .. 6.5 to 9.2
CHEMICAL PROPERTIES

Iron (Fe) . 0.5 1.0
Manganese (Mn) ' _ 0.3 0.5
Copper  (Cu) . 1.0 - 1.5
‘Zinc (Zn) - - ' 5.0 o 15
Sulphate (S0,) ' 200 : 280
Chloride (c1) : 200 600
Fluoride (F) - . - S B
Nitrate (NO,) a5 o 45
Total Hardness as CaCO, o 300 : 500

Mon Carbonate Hardness as Caco, - = 200 _ - 250
Total Solids . - 750 ' 1,500
TOXIC SUBSTANCES

Arsenic [As) ' : : N.ﬁ. : o ‘0;05
Cyanide (CN)- . N.D. ' - 0.2
Lead (Pb) SN ~ 0.05
Mercury (Mg) : N.D. : . 0.001
Codmium (CA) _ : N.D. o 0.01
Selenium (Se) N, - . o.01
(N.D. : MNot to be detected} '

_ _ MAXIMUM ACCEPTABLE

BACTERIOLOGICAL PROPERTIES _ © CONCENTRATION

Standard Plate Count (N/ml) _ 500
_ Most Probable . Number - ' - _ ‘

{Coliform Organism/lOO'ml)- : ' _ less than 2.2

Escherichia Coli ' e None
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APPENDIX 7 COMPARATIVE STUDY ON LOCATION OF TREATMENT PLANT

' 7-1.1 Objective
ThénobjéctiVe of this study is to select the location of new water treat-
mént_planf.ihithé long term development p1an, from technical and economical
view points. Requirements. and conditions to be met in the water supply plan
'fof Ubon and Warin are described in Chapter 7 of the main report.
- f«l.z’ Basic Fiqures and Consideration

1) - Water Demand. of Stage I and Stage II

The fbllowing table shows the water demand.{Unit: cu m/d)

Demand - StéQe’I o Stage II
Area {2000) (2010)
"Ubon 49, 400 60, 800
Warin 12,000 - 18,300
Total 52,400 79,100

' The demand in 2000 is more concentrated in Ubon than in Warin.



2)

3)

43
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Capacity of Treatment Plant, after Rehabilitation and Modification

works

_ Plant
Location

Ubon

Warin

Total

. Capacity
(cu w/d}

18,400
12,600

31,000

Requiréd Additional Capacity to be Developed

Remarks

Stage’ Required Capacity
I (2000) 22,000 40,460 - 18,400 (in Ubon only)
T (2010) 26,100 79,100 - 40,400 - 12,600

{(in Ubon and Warin}

The reQU1red productlon cap301ty in Uban shall be fulfllled by

constructlon of a new treatmEnt

plant under the Stage I'in Ubon._'Thé

plant . capacity wil}l be 22,000 cu m/d, though the 600 cu m/d surplus of

the Warin plant could be dlstrlbuted to Ubon area, by the ex1st1ng

plpellne.

Water Sources

Presently the Mun River isg the source of the Warln plant and the Mun

Noi River that of the Ubon Plant

: As the new plant(s) 13 to be

located close to the ex1st1ng, the water sources condltlon w1ll be

unchanged.
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7-1.3 Treatment'Plant'Location

Tbére ate-séveral_poséible locations for the treatment plant(s),'including

_PWA”prémiSes_of'the existing Ubon and Warin treatment plants,
1) - Stage I

As mentioged before, a 22,000 cu m/d'treatment plant shall be located in
Ubon area and the site is to be sought near the existing plant for conve-

“nience of operation and maintenance.
'2)  Stage IT

 After the Stage I completlon, the demand’ and supply capac1ty 1n each of
Ubon and Warln are balanced However, the incremental water demand in Ubon
“and Warin, 20,400 and 6,300 cu m/d réspeotively} shall be me£ by cénstrucu

jtibn of tréatment plant(s) in any one 6f_the three following alternative

plans:
Alternative _ Concegt and Locatlon of Treatment Plant(s) _
A ' to- supply each area separately by two plants, one 20,400 cu
' 'm/d capac1ty in Ubon and another 5,700 cu m/d (6, 300 cu n/d
1ncremental demand 1ess 600 cu m/d surplus) capacity in
Warln '
;B : t6 supp1y two afeés by one plant,:located'in Ubon and capa-
Citied for 26,100 cu m/d production
oo fto supply ﬁwo areas by one plant, located in Warin and

capacitated for 26,100 cu m/d production

o In the alternat1ves B and C,r a plpellne for exc1u51ve use of transmission
'1s needed to del:ver water to the opp051te s1de service area of the Mun
Rlver, 80 ag not to dlsturb the dlstrlbutlon pressure balance. The three

alternatlves are shown in FlG 7.1 schematlcally.
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¥
ﬁ UBON T.P. . - * ALTERNATIVE - A
A EXISTING ~ 15,800 | . . : ' : : '

f REHA.& ‘MODI, - 2,600 : : SERVICE
a3 STAGE I~ 22,000 }. “}..7  AREA
= STAGE IT = 20,400 _ B (1n 2010)

é ettt . 4 80,800
: TOTAL . 60,800 | . MUN RIVER . : ‘

- | a A . . LN H /

——" o il

i - T g : B D
WARIN T.P, R
CEXISTING © - 12,000 _ _ _ Y B
REHR.& MODI. . 600 1 . o s SERVICE
STAGE I 0 ' ' | PRER
STAGE II 5,700 o | (i 2010)
PSR sl F ' 18,300
TOTAL -, 18,300 . : :

s UBON'T;E._'_ ~ f. RS _ R o
g' EXSISTING 15,800 | = - . .- - "ALTERNATIVE .B
— REHA.& MODH . 2,600 L IR i — o
o : b
O SEAGE T - 22,0000} .. = SEﬁX;ﬁ?

| R e IV
o . s R _ 't 2010},
= TOTAL 66,500 . MOH RvER 50,800

N . b G

s o g - . § 3
e S <IN
WARIN T,P, o S ol els.700
EXSISTING 12,000 . ) !
REHAI&TMODI. 600 . _ : SERVICE
STAGE I - 0 S— ofpe] . AREA.
STAGE II : 0 : : _ - | (IN 2010)
R it § : - 1e,300

TOTAL 12,600 ' -

© o UBGN T.P, . S SR :

- B L EXISTING - - 15,800 _ o ALTERRATIVE - G
~ REHA.& MODI. 2,600 | - : .| - sErVICE .

bt " STAGE I 22,000 : : ;’;;_ - AREA
2 STAGE TT | 9 N C(IN2010)

= B mmmmmmmm Lol T e0,800 ' -
E§ =i TOTAL ' 40,400 | . MUN RIVER B arevnancs TN arcesnc

WARIN T.P. - o L 90 400
EXSISTING 12,000 S ' S
REHA.& MODI 600 | . ' - .| SERVICE /-
STAGE I 0 - : Jo»i " AREA
STAGE 11 26,100 ¢ .- ' o feTN 2010)
moTmo e o : 18,300
TOTAL 38,700 ' _ BN
_ Unit : cu n/day
FIGURE L
_ ALTERNATIVE PLANS
JAPAN INTERNATIONAL COOPERATION AGENCY
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Major facdilities and total costs of the three Alternatives are presented in .
?able_?.l. However, the costs for distribution pipelines are excluded,

since those costs aré considered almost equal in all Alternatives.

Table=7.1 FACILITIES AND CONSTRUCTION COST

Ttem - Alternative A Alternative B - Alternative C
1. Land Acquisition 10,000 sq m 15,000 sq m : Lk
2. Treatment Plant 20,400 cu m/d 26,100 cu m/d 26,100 cu w/d
' Ubon and in Ubon in Warin

5,700 cu w/d

in Warin
3, . Transmission : - Dia.400mm % 2,000m - Dia.GOOmm.x 8,000m
. Pipe
Total'cost 04,500 . 105,000 _ 96,300 .

(x 1,000 Baht)

% land space évéllable in the present plant site

_The difference of plpellne length and dlameter comes from the difference of

: flow rate dellvered across the river. The transmission pipeline of Alter—
.“1nat1ve B or- C contalns three river crossangs,‘?OO m long in total, and at '

“ the Mun Rlver cr0551ng, the ex1st1ng 250 mm dia. plpellne, installed on the
brldge-structure, is planned to be replaced by the new plpellne of above

mentioned size.

As to the operatlon and malntenance cost, the three alternatives treat

'_'51mllar quallty raw water employlng similar process and no substantial

dlfference w111 be 1ncurred. :Power consumptlon dlfference will be
-sllght assumedly. 0 &M cost was not taken up for comparlson,

therelore.
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7-1.4. Conclusions

In the Stage I, a capaclty of 22 OOO cu. m/d treatment plant is, proposed for

construction at a site near the exlstlng Ubon- water treatment plant.

In the Stage 11, a 20, 400 cu m/d Lreatment plant 1n Ubon and the another at
5, 700 cu m/a plant in Warln are prOposed, as’ the Alternatlve A is lowest in
the construction cost and p0331b1y best in balan01nq the two area g dlstrl—g

bution pressure. The two plants are to be located near the QXLStlng plant.
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: APPENDIX 7 2 COMPARLSON OF UNIT PRICE AND COST OF WATER BETWEEN PWA AND
' PRIVATE FACTLITIES

.-7~2;1 Basic Assumpfions
1} Water Volume
This study of comparison was made of comparatively large sized consumers,
lwhqsé{monthly consumption volumes range at 50, 100, 200,:300, and. 400 cu m
.. per day. ' '
2) PWA Price
“ The PWA pfice'of water—is assumed to incliude water tariffs, service charges
and connectlon fees. Connection fees which are chargeable for the connec-
‘tion work prepared by PWA at the initiation of PWA service aro assumed to.
be dlstrlbuted to the PWA price of water for 20 years by equal monthly lot'
3). Cost of Water Produced by Private Facilities
'Cost is assumed to 1nclude operation-and malntenance cost, together ‘with .

capltal investment for constructlon of facilities. Investment cost is

dlstrlbuted-for:240 months in terms of monthly depreC1atlon.
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72,2 Unit Cost of Water by Private Facilities
Raw waler assumed to be 11fted by a submer81ble pump, dlSlnfected by dosed
bleachlng powder and, llfted to an elevated tank with the remaining

pressure,

The details of the assumed facilities are shown iu}Table—7{1§

a, Water Source ¢+ deep well, 50 meter depth
L. Location of Well . in Ubon and Warin Municipalities .
c. Raw Water Quality : 3.5 mg/l_br less iron,

2.0 mg/1 or less NH3-N
(medium_valﬁes of varyihg data

collected from existing'wélls}

d.. Treatment'Qrocess 3 -Oxidation of 1ron by breachlng
powder, flltratlon, dlSlnfectlon by
chlorlne, by the dosed. bleachlng
powder

e. Treatment Capacity : 50, 100, 300, 400 cu m/d

Construction Cost'

Submersible pumps are assumed to be imported, but their installation and
constiﬁction of'wells, pipeworks and erection of_élevated'tanks are assumed

to be made locally,
0O/M costs

- a.person is assumed to engage in ‘the operatlon and malntenance of the'
system for 1.5 hr per day, 601ng other works in. the remalnlng hours.

- repalr cost is estimated at 0.5 % of the constructlon costs. _

- electricity cost is estlmated with 24 hrs’ run throughout the year.

- 20 mg/l dosage of bleachlng powder contalnlng 30 % effectlve"

chlorlne is assumed_to be ‘dosed constantly.
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Unit Cost of Water

The COﬂStIUCthn costs aLe distributed in’ equal monthly deprec;atlon al"
lowancoa for 20 yearS, and w1th the depreclatlon allowances and monthly O/M

costs, unit (cubic meter) water cost is estimated as shown in Table-7.2.

Table-7.2 UNIT COSTS OF WATER, PRIVATE WELL |

Production Capacity (m3/d) '

Item 50 © 100 - 300 - 400
1. Construction Cost
- Aﬁoﬁnt of Investmént . _ P
(x 1,000 Baht) . 2,794 2,915 3,280 3,437
- Monthly Depreciation . _ _
(20 years, Baht/month) 11,640 12,150 13,670 14,320
2. O/M Cost (Baht/month) - 5,250 6,580 13,500 17,670
3. Monthly Cost _ _ _
(Baht /month) 16,890 18,730 27,170 31,990
4, Unit Cost of Water _ -
~ (Baht/m3) : ' 11,26 - 6.24  "3.02 - 2.67

7-2.3 Unit Price of Water by PWA

As the study is made on consumptlon Volumes of 50 cu m per day or more, the
water tarlff is assumed to be charged at a flat rate of 8.5 Baht/cu m,
together with serv1ce charges and connectlon fees as descrlbed in Table 7. 3 '

below. .



	APPENDIX 3 STUDY ON WATER SOURCES
	3.5 Available Water Resources
	3.5.2 Groundwater

	3.6 Water Resources Development Plan
	3.7 List of References

	APPENDIX 4 STUDY ON WATER QUALITY
	TABLE OF CONTENTS
	4.1 Water Sources
	4.1.1 Mun River and Mun Noi River
	4.1.2 Other Sources

	4.2 Treated Water
	4.2.1 Existing Conditions
	4.2.2 Improvement of Treatment Method


	APPENDIX 5 QUESTIONNAIRE SURVEY
	TABLE OF CONTENTS
	5.1 Objective
	5.2 Survey Areas and Interviewees
	5.3 Survey Items
	5.4 Survey Method
	5.5 Survey Results
	5.5.1 Ubon and Warin
	5.5.2 Ubon Sanitary District and Five Villages


	APPENDIX 6 DESIGN CRITERIA
	TABLE OF CONTENTS
	6.1 Peak Factors
	6.2 Water Loss in Production
	6.3 Concrete Structure
	6.4 Pipeline
	6.5 Treatment Plant Facilities
	6.6 Distribution Facilities
	6.7 Drinking Water Standard

	APPENDIX 7 COMPARATIVE STUDY
	TABLE OF CONTENTS
	APPENDIX 7-1 COMPARATIVE STUDY ON LOCATION OF TREATMENT PLANT
	7-1.1 Objective
	7-1.2 Basic Requirement
	7-1.3 Treatment Plant Location
	7-1.4 Conclusion

	APPENDIX 7-2 COMPARISON OF UNIT PRICE AND COST OF WATER BETWEEN PWA AND PRIVATE FACILITIES
	7-2.1 Basic Assumptions
	7-2.2 Unit Cost of Water by Private Facilities
	7-2.3 Unit Price of Water by PWA



