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Table-7,3. UNIT PRICE CF WATER, PWA

water Consumption (m3/d)

Item. . o - 50 100 300 400
‘1. 8ize of connection Pipe

.{inchés} R ' 2 . 3 4 6

2. Water Price
. - Service Charge
~(Baht/month) = _ 100 160 200 1200

- Connection Fees in terms

:of monthlyILOt_IZO years)* : 80 £ 130, 250 250
- Monthly Price (Baht/month) 12,750 25,500 76,500 102,000
- Total Monthly Price. '
(Baht /month) , - 12,930 25,790 76,950 102,450
3. Unit.Price of Water (Baht/m3) : 8.62 8.60 8.55 . 8.54

Note: * Based upon the assumption that connection is set at. 30 m from: the

main pipe, i.e., 2 x Basic Fee.

7-2.4  Remarks
_The folldwing.céh be induced from the study results as revealed in Figm?.l.

1. The-breakjevén point where the unit cost of water.ﬁroduced py private
facilities and the unit price of water by PWA may be found at a
consumption, volume between 50 cu m/day and 100 cu m/day, and very near

- to SQ cu m/day.

-2.':'The.uﬁit cost of water by private facilities decreases as the consum-
" ption voluﬁe'increases, i.e., so low as 2.67 Baht/m3 at 400 cu m per

day.
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3,  Because of no exact data available on the'rafio df;éucéessful drilling
in Ubon énd Warin, no consideration is inen'to Sﬁchiratio. _ifftﬁe.
ratio is assumed to be 50 §,_the unit cost. of water per cu m'in case
of 100 m3/day consumption will be 10.29 Bahtf,'very'neéi;to PWA's uhit.

price of water.

Note: [monthly depreciation allowances (12,150 Baht x 2) *+ monthly O/M cost
(6,580 Baht)1/consumption volume (100 m3 x 30 days) = 10.29 Baht/m3_
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APPENDIX 8  PRELIMINARY DESIGN
8.1::-Rehabilitation and Modification Works

The objective.of'the'ﬁehabilitatibn and modification works is to supplement
”inéufficieﬁt supply before the completion of the expansion works, by 1)
updating the present deteriorated equipment and obsolete pipelines and 2)

to - uprate the present production of the Ubon and Warin Treatment Plants,

'The'possible_;ncrease Of_pfoduction capacity was studied on the Ubon éﬁd
Warin Treatment Plants. Each component of the facilities in the Ubon and
Warin sﬁpply systems was examined for its capacity whether it could afford=

"~ the increase proposed as follqws:'

_ Ubon Warin
Item No.l1 & 2 . No.3
: altogether
Present capacity : 3,840 12,000 12,000
Proposed incremental o 760 1,800 600

Proposed production - : 4,600 13,800 12,600
" Proposed tréatment capacity _ '
(8% loss’ plus production) i 5,000 14,900 13,600
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8.1.1 Ubon Treatmenit Plant

1) Increase of production capacity of the ‘Ubon T;éatmeﬁt.Plant

No.l. and

No.2 ‘No.3
altogether |

Item . - original ‘Propdsed. .'Origingl-'Perosed.
Production Capacity (cu m/d) ~ 3,840 4,600 712,000 13,800
Treatment Capacity (cu m/d) 4,150 5,000 13,000 © 14,900
Flocculation Basins
Detention Time {(min) 38 30 28 23
Sedimentation Basins ' L
Detention Time (hr), = 2.8 2.2 42 3.5
Flow Velocity (m/min) 0.11 0.14 0.23 0.28
'Fllters
Filtration Rate (m/hr; : . 4.3 5.4 4f9. 5.9

.____._.__._,.—...._...._.__..__._______....._._..____..._._._.___._..___.__.____._‘.____.__...,..,....,...._.__'__.,_..._..;._._.,.._.__._

The proposed conditions in the table'are”consisfent With”the'désigﬁ

criteria of the present study, S0 it is concluded Lhat the productlon

‘capacity of the Ubon TLeatment Plant can- be 1ncreased technlcally to 18 400

cua m/d, w1th1n 1easonable 1nvestment of capi

tal

2) Necessary works for Ubon Treatment Plant-

(1) Replacement/Installation of flow meters and indicators

Flow meters and 1ndlcators Wwill be newly 1nsta]led on the 250 and

400 mm d1ameter raw water - tran9m1331on malns,.

for recordlng dally

intake and determlnatlon of the chemlcal feedlng rate and con~—

‘sumption, The malfunctlonlng present flow_meters_aqd 1nd1cators

on thé_250, fWo.300 andl400;mﬁ diémetér distribufibn'mains_will

be replaced for recording the daily production. The differential



(2)

{3)

(4)
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pressure type is proposed bacause of simpler mechanism and less

- costliness than other types.

Replacement of 'level gauge

The defective float type water level gauges (diréct reading type)

will be replaced,‘for measuring the level of the two, 500 and

_3!000_¢u m storage clear water reservbirs and elevated tank.

Provision of chlorine gas container scale :

A set of éhlorine gas container scale will be'provideﬂ.for-preﬂ

cise timing of: replacement of the gas container, to secure conti-

nuots disinfection as well as reading consumption,

Installation of chemical'feading equipment and construction of

chemical house

The ékisting chemical feeding_equipmént for alum is housed in a

" room of the chemical building which is ‘also used for chemical

stbfage. To meet the proposed treatment capacity, an_additional

'alum_feeding equipment will be needed, and a lime feeding system
will be inétalied to control pi for more adeguate cdagulatioﬁ, as

follows:

Alum=feediné pump with flow meter, piping and valve : 1 unit
‘Lime solution tanks, feeding pump with flow meter, piping

and valves : 2 units

In addition to the quipmeht above, a chemical house will be
newly conétrﬁéted,_since the‘existing chemical house will become
undersized due to the proposed installation cf additional equip-

. ment.
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(5) Purchase of filter sand washer
A movable filter sand washer.is proposed'for.pufghase;'and'
" washing of filter "sand should be.practiced;to provide cleén sand
for make-up. ' .
(6) Other works
Of the access bridge to the intake tower, the wood made - footboard
is partly rotted and replacement'by.steei_one is ur@ently needed.
8.1.2 Warin Treatment Plant
1)  Increase Of:produétibn'capacity of Warin Treatment Plant

Warin
Item ' Original’ Proposed

Production Capacity (cu m/d) 12,000 12,600

Treatment Capacity {(cu m/d) 13,000 . 13,600

Floccﬁlatién Bésins

Detention Time (min} B _ 31 28

Sedimentation Basins’

Deténtion Time (hr), 3.1 _ 2.7
~ Flow Velocity (m/min) 0.14 0.15

Filters .

Filtration Rate (m/hr) : 6.7 _ 7.4

All the above conditions are consistent with'the désign criteria;*exbept
for the filtratioﬁ fafe. it is sllghtly hlgher than the recommeﬂded upper

limit, 7 m/hr, if properly operated and malntalned the rate will be



AB - 5

accgptéble practically. -Conclusively, the production capacity of the Warin
'T:eatmeht Plant can be increased to 12,600 cu m/d, within reasoﬁable in-

'veétment'df'capitaI;
2} “Necessary. Works for Warin Treatment Plant

'Similar improvement and rehabilitation works to those required for the Ubon

~ Treatment Plant shall also be applied to the Warin Treatment Plant,
(1) Replacement/Installation of flow meter and indicator
. Installation of raw water flow meter and
'indiqatdx of 400 mm : 1 set
- Replacement of treated flow meter and -
indicator of 300" rm : ' 1 set

(2) Replacement of level gaugé

- Float type water level gauge for

clear water reservoir : . : 1 set

.
s

(3} Provision of chlorine.gas container scale set
(a) IChémical feéding equiﬁment installation ahd chemical house

- construction

- Alum'feeding'pump with flow meter, pipings
-:and valves - o _ : : 1 unit
.~ Lime solution tank, feeding pump with pipings,

2 units

valves, and flow meter

'P-Cﬁemical house _ : 1 lump sum
(5) Installation of distribution pump

- 0 6.2 cum/min., x H 30 m : ;1 pump
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8.1.3 Distribution Pipeliné

Immediate replaeement is proposed for obsolete and defective pipes’ as .

llsted Table- 8 1 below. The waterworks also rcquested the relbcatioﬁ'of

those pipes 1nstalled under rain sewers or in driveways where tratfic is

heavy. The location of replacement is shown in quﬂBfl.

Table-8.1 LIST OF PIPELINES TC BE REPLACED_

Dia. Length
{mm) (m)
150 6,450
100 770

Total 7,220

8.2.° Expansion Works

Prellmlnary design for the expan510n ‘'works of Stage I is: planned in: accord—
ance with the design crlterla me ntloned in Appendlx 6, A ‘proposed treat—
ment plant: of 22, 000 cu m/d production capacity w1ll be constructed in the
existing Ubon Treatment Plant site together with an intake facility.

Design capacity of the proposed plant’ is 23,800 cu m/d iﬁclﬁaihg'S % of |
treatment loss. The max1mum hour flow, as calculated from ‘the maximum day .
demand -and peak factor of 1.4, is used for calculatlon of the dlstrlbutlon

network

8.2.1 Intake and Treatment Plant
1) Intake and Raw Water Pipeline

Intake tower is the same structure as the existing one, constructed on the

left bank of the Mun Noi River and an access bridge:wiil connect  the intake
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tower to the treatment plant. Raw watexr is taken and transmitted to the

m1X1ng well, through a 500 mm diameter pipe, by pﬁmps which are installed

in the pump’ house of the intake tower.

(1)} Intake tower

- punip house, access bridge and a protective barrier

(2) Raw water pump

- 0 8.4 cu m/min, x H 25 m x 3 pumps (includ. one standby)

(3) Raw water pipeline
 dia. 500 mm x B0 m long (intake to mixing well)

. The ex1st1ng raw water pump house of the 1ntake tower is already occupied

_ by the six pumps, and has no allowable space for 1nstallat10n of addltlonal
pumps. Tt is therefore proposed that a new addltlonal intake tower he
built at about 200 m upstream of the existing intake tower along the Mun

Noi River.

In the stage of the detail deSigning study is recommends to be carried out
‘on possible use of the existing 1ntake tower and pump house wlthout bulld—
ing new ones by way of increasing the capacity of pumps and enlarglng the

size of pipe.

8.2.2 Ubon (No.4) Treatment Plant

Water quality of the Mun Noi River is acceptable as the réw wéter to be
treated by a series of treatment pfocéés of pre- and post—-liming, .
coagulation, flocculation, sedimentation, rapid sand filtration and post-

chlorination as planned in the Stage I Expansion Works.

The capacity, dimensions and features of the facilities propoSéd for the

plant's unit processes and operations are described below:



1)

2)

3)

4)

5) -

6)

)
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Flash Mixing Well (Fig-8,2)

hydraulic mixihg by adjustable cone type for instance,

W 1.5mx L 1.5mx D 2.0m, 1 well

G Value : 650 sec”! (averade in well)

Mixing Time : 1 - 3 seq, Detention Time : 16 Sec (V/Q)

-Floqculatioﬁ Bagin (Fig-8.2)

hydraulic flocculation by baffled channels, 3 stages,

Volume : 280 cu w/basin, 2 basins, Detention Time : 34 min,

G Valﬁe'ﬁ 25 - 170 sec:_1

Sedlmentatlon Ba31n (P1g 8.2)

_rectangular, one -direction horlzontal flow

" Volume : 1,220 cu m/basin, 2 basins, W 9.5 m x L 44.0 m x D 3.0 w,’

Petention Time : 2.5 h, hydraulic loading : 1.4 m3/m2/h,

flow velocity : 0.3 m/min, manual desludging -

Rapi@ Sand Filter (£ig-8.3)

declining rate filtration, |
filtration rate : 130 cu m/sq m/d in average,
6 filter beds inclﬁding 1 stand-by, 37 sg m/bed,

backwashing together with surface washing

Clear Water ReserVOLr

_for storlng in- plant water consumptlon 1nclud1ng filter backwash-

ing and dlstrlbutlon,
Volume : 3,100 cu m/reservoir, 2 reéservoirs

Detention Time : 6 hrs

Elevated Pank

f0r backwashing of filter bed,

Volume : 250 cu m/ tank, 1_taﬁk

" Chemical FPeeding Equipment
- Alum '

' solu+1on tanks with mlxers, feedlng pumps, elevated header

tanks, and appurtenances
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- Lime : .
hopper, golution tanks with mixers, feeding pumps, header tank,
saturation tanks and appurtenances

~ Chlorination’

container scale, evaporator, chlorinator and appurtenances

8) Instrumentation _
- flow meter and controller

- flow and level inaioator and recorder
9} Power Substation
10) Others

—'con truction of 5 staff houses
B replacement of dia. 250 mm, about 250 m long, raw water plpollne
of Air Force

- relocating about 30 families in:the'proposed treatment site-

8.2.3 Distribution Pipeline

The hydraullc analys;s of the dlstrlbutlon system 1ncorporat1nq the

existing plpellnes and proposed ones was carrled out by means of computer~
aided networkranaly31s. Table 8. 2 orn the next page presents the results of
the analysis. " Fig-8.4 shows the 1and use plan by.which the areaw1se water

demands are . Computed

The routes of distribution pipeline for the target year_of_2000 Were:deter?
mined in due consideration of the planned service.area and'future road .
plannlng envisaged in the City Development Plan, and through exchange of

views with the OfflClals concerned,

Table-8.3 shows the summary of the proposed dlstrlbutlon plpellnes based on .

the results of hydraullc analysis,
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‘fable~8.2 RESULT OF PIPE NETWORK ANALYSTS

1

Hb)r

521

110

0. 958

%.87 .

Node ~ Node Type D ¢ 0 v i di R+ § He
o ) ) (i/see) @sed) Gfee) W @ @ 1Y (w

100 <1 -0 52 550 110 324.996 ‘1482 4.99 274 0.00 144.96 121.00: 23.26
1 -200 0 528°1240 110 247.742 1131 303 375 0.60 14050 12000  19.50
3 =200 21080 110 30730 0529 161 LT 0.60 140.50 121,00 19.50
101 -3 0 455 1150 110 198.930 1223 (416 479 0.00 142.21 120.00 22.21
4 -3 0 295 480 110 48,920 0.7 252 114 0.08 1422t 12000 -22.21 .
5 -4 0 440 1320 110 119675 0.787 . L81 25 000 14235 11800 2535

J101--5 0 440 450 110 138,97 0,909 250 113 0.00 145.87  120.00- 2
2 -6 0 B0 410 110 100752 1047 42 174 0.00 1876 12L.00 1076
B -7 0 195 700 110 12226 0,409 R4S 105 0.60 137 12L000 1671
8 -7 0 293 7 110 53606 0795 314 229 0.00 1T 12000 167
3 <8 - 0 4% 910 110 185428 0.95¢ 243 221 0.00 140.00 12200 18.00
8 -9, 0 %50 950 110 6400 0.330 033 013 .00 19.88 115.00  20.88
4 -9 0 295 1650 110 45.945 0643 210 3.47 0.00 13088 119.00 20.88
7 -0 0400 1200 110 36702 0292 034 0.41 0.00 137.30 120,00 16.30
14 ~10 0 200 700 110 13859 0.491 165 L16  0.00 137.30 12000 - 16.30
8 -14 0 400 1180 110 78.628 0.627 L4l 185 Q.00 13846 11800 20.46
14 -13 0 300 800 110 36,666 0.432 0.99 073 0.00 137.67 118.00 19.67
8 =13 0 %0 810 10 36.M5 0626 243 221 0.60 137.67 118,00 19.67
10 -11 0 400 5007 1100 34.501 0.275 0.31 0.15 0.60 137.15 12100 18.15
12 -1 0 400 150 110 22.860 0.182 014 06 0.00 137.15 12000 16.15
13 -12 ¢ 0 400 B8R0 110 40508 0.522 0.4 0.35 0.00 19701 11700 2031
i1 ~17 0 200 100 110 12045 0.383 127 416 0.00 13498 118.00 16.98
15 -7 0 200 650 110 1475 0.47% 18 120 0.00 134.68 11800 16.98
1 =15 0 300 %06 110 30.98 0.437 .01 0.85 0.00 13619 11800 1719
15 -16. 0 100 1000 110 - 0.351 0045 005 0.05 0.00 13613 11700 1813
12 -16 0 -150 1500 110 4349 0.26 078 118 000 1813 100 19.13
17 -18 0 150 1000 110 8500 G481 27, 27 0.00 1227 117200 15
1 -2 0 300 1700 110 56254 0.7% 306 5720 0.00 130.06 12L.00  18.06
92 -9 .0 %0 650 110 46,25 O0.871 428 278 0.00 13698 12500 1L28
19 -20 0. 200 1880 110 11340 0981 114 212 0.00 13628 12600 1128
2 —19 ( 450 850 110 ‘146,020 0.918 248 211  0.00 138.40 122.00 16.40
91 ~9p .p 260 BS0 - 110 - 81494 0553 210 137 0.00 13491 12090 109
19 -9 0 411 1690 1i0 106480 O0.803 215 .48 0:.00 130.91 124.00 10.8
20 ~2 - 0 400 43 110 9.8 07N 206 089 0.00 13403 12200 1183
94 -2 0 200 1450 110 14.28¢ 0455 L7 253 0.00 131.50 123.00 850
§ -93 0 1% 1970 110 20.028 0671 3.59 7.27  0.00 13150 123.08  B8.50
24 -95 .0 400 1850 110 49,850 0.397 060 112 0.00 13291 124.00  8.91
o5 ~93 ¢ 150 M50 110 . 480 0277 0.9 14 000 1JL50 12300  B.50
95 - 98 0 - 200 1250 110 6.400 0,204 0.40 049 0.00 132.42 12500  7.42
102 <21 0 10 204, 200 2% 7.0 0.00 14572 1600 20.72
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" (Continued)
Node ~ Node Type D L C & ¥ ioocd e 0/ e
. G @ C o lsee) wse) folor @ @ G ® 0 W
97 -9% 0 463 1200 110 125035 0.743 162 194 - -0.00 14078 130.00 1378
% -3 0 6 590 10 69055 0.775 . 257 152 0.0 142.26 130.00  12.26
m -9 0 150 580 110 . 5008 -0.285 103 0.0 .0.00 14167 ~130.00 1L67
@ -3 0 %0 R0 10 1L609 056 0.7 LED .00 MLET 1000 1167
97 -43 9 900 950 110 67.864 0,819 322 3.06  0.00 142.66° 126,00 -16:66
98 -93 0 950 500 110, 44581 .90  4.85 243 0.00° 14L.35 1300 8.5
99 -3 0 300 1010 110 2981 -0.042° 0001 001 000 14134 13300 . 834
9 =% 0 300 460 110, 15211 0.215 - 0:27 0.13 ' 0.00 14134 13300 - B34
‘52 -91 .0° 300 350 110 47.226 0.668° 291 0.80. 000 1446 130.00 1146 -
® -3 .0 200 4% 10 7392 017 0.2 013 0,00 14521 180.00 © 1.2
3 -3 0 150 450 10 L24 0.0 008 004 0.00 14,20 0.0 nA
B -3 0 %00 450 110 20.515 0.290 047 021 0,00 14125 130:00 1125
9% -3 0 156 500 110 4477 6253 0.8 041 0,00 14L%B 13000 1LB
B\ -3 0 150 00 110 EO087 0170 0,290 0.20 0:00 1401 130.00 1nO1 -
-3 0 300 50 10 4567 0.065 . 003 0.02. 000 ~1ALOI - 130.00 1101
3. -8 0 300 680 ‘110 16897 0.239 0.33 0.2 0.00 14103 130.00 . 110D
38 -3 0 300650 110 0.270 0.006 .0.00 0.00 0.00 14103 130.00 : 1L.03
3 -8 0 150 680 110 475 0.26¢ 0,93 0.66  0.00 14503 130.00 1L.U3 -
42 -8 . 0 200 1050 110 8684 0276 070 078 - 0.00 14103 130.00 . 1L.03°
@ -42 0 B/O W0 10 20861 045 129 0.5 0.00  14LIE 10D - 1476
% -39 0 195 810 110 ° 285 00% 010 0.08 0.00 140.83 13000 10.93
3 -40 8 100 1650 110 L5 0.198 0.84 193 000 19954 1000 956
3 -d40 0 100 750 10 . 2468 0.314 198 143 0.00 13054 130,00  9.54
4 -4 - 0 100 1600 110 2277 0.2% LT LT 0.00 139.54 130.000 9.5
42 -4 .0 200 70 10 857 020 065 05 000 L5 127.00 4%
% -4 0 195 16 0 .T.200 0G.241 056 0.80 0.00 .140.44 133.00 . 7.44
29 -65 0 750 80 110 24100 0.490 L5 198 0.00 - 199.87 1%0.00- 18,97
5 -5 0 205 1500 110 - 5800 0.086 0.05 0.08 -0.00 189.90 120.00  19.90
Blo-9 0 %5 100 110 3.500 0.048 0.02 002 0,00 120,88 118.00 . 20.48
3 -46 -0 100 800 10  5.300 0.166 0.61 0.48 . 000 140.44 - 130.00 10.44
51 ~%52 0 100 2100 110  L%00 0.186 061 127 0.00 138.62 119.00 19.62
15 -41 0 100 170 116 1.300 0366 061 103 0.00 18516 119.00. 1518
47 -48 0 100 1660 110 0.600 0.0 0.5 0.22° 0.00 134.94 120,00 14,94
% -49 0 200 1000 116 11600 0.39 119 119 0.00 183L72 12400 772
0 3 0.00 128.65 123,00 565

150 2300 110 5,800 0.928 1.}

(=]
o=

49 -5
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Table-8,3 PROPOSED DISTRIBUTION PTPELINES

DIAMETER . LENGTH

(mmj o (m)

400 44900
300 5,410
250 4,790
200 8,490
150 4,800
100 24, 450
Total 572,840

Accerding to the fesult of hydrauiic analysis of the distribution network,
the area will be served mostly around 1.0 to 2.5 kg/Sq c serv1ce pressure,
as shown in Fig- 8. 5. And the productlon capac1ty and the demand will be

balanced mostly by 2000 in each area of Ubon and Warin.

In case water shortage should.occur for unforesceable reaeone 1n either of
the two areas of Ubon or Warln, inter- area water transfer can ‘and should be
made through the ex1st1ng 200 mm and 250 AL plpellne connectlng the two
areas. For this emergency use of the ploellnes, the ex1st1ng shutting

valves thereof 'should be malntalned in the working condltlons ‘all the time.

_Regardlng Node 50 where the Ubon Uan9181ty and Ubon Skiil- Deve]opment
Inetltute are planned for constructlon at'the 81te used by the refugeé camp
_before, the service pressure is expected to decrease to 0, 56 kg/sq ‘em
durlng the peak hour flow. A partlcular measure w1ll not be requ1red
because such a large consumer as the unlver51ty qenerally can prepare'

storage fac111ty and lift pumps,
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9.1..Cdsf-ﬁ§ta

'é;1§i :.Cost Pata Collection

PWA has its own standard price list of materials, products and works. In

this estimaté, the prices of listed items were quoted directly.

' Regarding unlisted items, estimation was made by illation froﬁ related

prices in the list.

Market prices of the matefiaIS'and products to be used in the estimation

were collected and quoted when found applicablé”reasonébly.

Prices of some. products and.équipments were qgquoted by the suppliers and |
manufacturers were used in the estimation.

9.1.2 Pipelaying Cost

As pipelaying constitutes major part of this project, the cost is detailed

in this sub-section.
Three assumptions. are made in estimating pipelaying.

.The first is that the 20 and 80 % of the total length of a pipeline are

‘allocated to ductile-iron and asbestos—cement pipe respectively.

- The ‘second is that 10 % of the estimated cdst including pipes, fittings and
iayihg works'is counted for railroad crossing, riverbed crossing and pipe

‘bridge additionally.

‘The thifd is that 15.% of the éstimated cost as above is counted for
: installation of valves, concrete thrust blocks and other miscellaneous

‘works.
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Tahle-9.1 (a) Unit Cost of ?ipelaying (ACP}

(Unit: B_/n\)

Dia. {mm) Labor Pipe Material Sub-thal'.- Pavement Total
100 47 140 187 140 327
150 66 230 296 154 450
200 80 398 478 166 644
250 111 551 662 179 841
300 146 780 ‘926 223 1,149
400 181 1,478 1,659 248 1,907
500 261 2,050 2,311 283 2,594
600 338 2,703 3,041 319 3,360

Table-9.1 (b) Unit Cost of-Pipelayihg (DIP)

(Unit: B/m)

Dia.{mm) ~Labor  Pipe Material Sub~Total Pavement Total
100 53 504 557 140 697
150 87 723 810 154 964
200 98 972 - . 1,070, 166 1,236
250 135 1,224 1,359 179 1,538

300 179 1,596 1,775 223 1,998
350 197 1,917 2,014 . 236 2,350
400 221 2,346 2,567 - 248 2,815
450 266 2,839 3,105 266 3,371
500 . 318 3,362 3,680 - 283 - 3,963
600 413 4,505 4,918 319 5,237
700 515 5,897, 6,412 341 6,753
800 629 - 7,414 8,043 378  _. ‘8,421 :
900 749 9,122 . 9,871~ 402 10,273

1,000 873 11,053 11,926 Ca% 12,362
1,100 1,000 . 13,086 14,087 470 14,557

1,200 1,125 15,175 16,300 - 504 16,804



Table-9 1 (a) and‘(b) show the cost of unit length (meter) of pipelaying
for asbestos cement and ductile-iron pipes including pipes, fittings, labor

and pavement restoration.

"9.1.3 Treatment Plant, Buildings and Others

In estimating approximatély the construction cost of treatment plant and
buildings used for administration and others in the plant site, the cost

function graphs shown in Fig-9.l1 are used.

To - prepare the cost function curves, production capacities and construction
costs of seven PWA treatment plaﬂts plotted and the curves are drawn as
most appropriate. Similarjdata made by other consultants. were also

referred for comparison,

The‘approximately'ﬂstiﬁatéd costs were oheﬂked with the costs-prepared by
caleulating, 1tem by 1tem, components of the whole construotlon work
involved in the PWA standard design and the both were found close

. satisfactorily.

For other construction works 1ike deep well, available data were studied

and modification was made by illation from them,

'9.1.4 Land Acquisition

.Land price of the prospectlve sites of treatment plants, pump stations and

other fa0111tles under: this plan were estimated based on the contacts with

PWA local officials.
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9,2 ' Classification of Works
- Every wbrk_involVed in the project is to he classified into either one of
the following six:
1., Pipe;aying works : laying pipes ébbve—.aﬁd_under—ground
2. =Civil works - :  construction of barrage, grit chamber,
clear water reservoir, intake tower, and

earthwork, grouhdwork

3. Treatment-plant ¢onstruction

: inclﬁsive of 1, 2 and 3
4, Pump station construction
: : - inclusive of 1, 2, 5 and architéctﬁral
works
5. Equipment/machinery installation
6. - Purchase of eQuipment/machinefy
‘This classification3is-used in making allocation of foreign and local
cufrehcy portion in the following section and in Table-9.2 listed later.
8.3 'fCosts allocation of Foreign aﬁd Local Currency Portions
. All of the_eétimated bosts are-allocated to two currxency portions, foreign
~and local, and to:each of the six works classified before an appropriate
" ratio is to be applied.
9.3.1  Basic Conception
Those products which are imported as finished and do not need further

prqcessihg'in Thailand are considered to be of 100 % foreign currency

portion.
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Labor, both skilled and unskiiled, and serbices locally procured are
considered to be 100 % local currency porﬁion.:

In between the above two extremes, a certaln apprOprlate ratlo is applled

apon conSLGeraflon of the oharaccerlstlc of 1tem.

Even the majority of domestically made materials'and products contain
foreign cuffency portion. Cement and steel aye made'by consuming importéd
fuel and electricity, generated by imported fuel, Equipments and
machineries producing these'matériéls are imported sometimes. * The

asbestos-cement pipe, a local product, is made of imported asbestos.

Earthwerk and concrete mixing and castlng made by laborers in former days

are worked by machineries, using foreign’ cuxrency partly.

9.3;2_ Foreign and Local Currency Elements

The foreign currency elements are imported raw and processed materials,

eduipménts and machineries, consumable goods including fuel, .etc.

- The local currency elements are local raw materials, gkilled and unskilled
labhors used difectly or indirectly, for insfance,'furtﬁer prodeséing:of
imported goods, eto, ' .

9.3.3 Combination of Foreign and Local Currency Elements

Of the six classified works, Fig-9.2 (1} to (6) shows how the for91gn and-

local currency elements are comblned to Lonstruct them=
The six figures are then summarized.and shown iﬁ'Tablé~9.2J
Seen in the table are:

1) The foreign currency portion increases in the order of the item

number,
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.3)

4)

5y
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The locally processed portion ié largest in treatment plant

construction and smallest in eguipment/machinery installation, as

it involves installation of imported goods finished to higher

degree,

The skilled labor portion is also highest in treatment plant

construction and civil works.

The unskilled labor portion decreases in the order of the item

number.

The sum of labor portions also decreases in the order of the item

number, corresponding the labor-intensitiveness of those works.



Works
 De5cripti0n-

' Pipelaying

Civil works

Treatment Plant

Construction

Purip Station

Construction

. Equipments/

Machinery

“Installation

Equipments/
Machinery

Purchase -

A9 ~ 8

F/C
Portion

60
. 83

66

75

85

"~ 100

" L/C Portion

Table~9.2 ALLOCATION OF FORETGN AND LOCAL CURRENCY PORTIONS

Loéally

‘Processed .

- Portion .

10
11

127

.10

 Skilled .

1Labbr

‘14

12

12

ki

Unskilled '
Labor

16
14

© 10
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9.4  Construction Cost

Usinq the cost data mentioned in 9.1} estimation was made on Rehabilitation

'and_Modification Wcrks and Expansion Works planned for Stage I,

It is shown in Table-9.3.
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Table=8.3 CONSTRUCTION COST  Unlt:: x 1,000 Baht

Work item . . ' . Description Quantity Unit Cost
S ' . Cost
1. Stage H Rehabilitatln/Modiflcation Works

1. Land Acqulsitlon . - - _ _
Tetal 1 . -

9, Treatment Plant Faciiltles

" 1) Ubon Plant : a2} Flow Meter & Indicator . [ 550 . 3, 300
. . b)Y Levsl Gaugs : 3 200 500
¢) Chemical ‘Feeding Equipment
Alum Feeding Pump 1 85 85
Appurtenances of Alum L. 8. 100
Feeding Pump -
Lime Selutjon Tank 2 15 30
Lime Foeding Pump 2 71 142
Appurtenances of Lime . 5. 193
Feeding Pump.
Chemical House -~ L. S. 400
d) Chlorine Gas Container Scale 1 300 300
¢)  Filter Sand Washér (for Ubon 1 650 650
Waterworks . :
Sub-Total 1) : ] ‘5, 8OO
2) Warin Plant 2> Flow Meter & Indicater 2 550 1,100
) . b> Level Gauge 1 200 200 -
¢) Chemical Feeding: Equipment .
Alum Feeding Pump. 1 85 - 85
Appurtenances of Alum L. 5. 100
Feeding Pump
Lime Solution Tank 2 - 33 30
Lime Feeding Pump . 2 71 ‘142
Appurtenances of Lime L. S. ’ 193
Feeding Pump ' ’
Chemical House . S, 400
d). Chlerina Gas Containar Scale 1 300 300
e) Distribution Pump;
Q6. 2 m3/min » H30 m x 55 k¥ )
Meter. and Engine Drive Type 1 560 560
Piping and Wiring Work L.S. 2480
Sub~-Total 23 3,400
Te tal 2 g, 200
3. Distribution Pipeline . ) .
1> -Replacement of Pipe- Dia., 160 mm ACP x 6,450 m 6,450 0. 45 2,903
: line Dia;: 100 mm ACP x 770 m : 7106 0,327 252
o Miscelleneous Works : L. S. 595
Sub~Total 1D 3,750
2) Leak Detection ) Metal FPlipe Detector 1 a0 1
Equipment ' ] Nen- Metal Pipe Detector 1 200 200
Box Locater 1 20 20
Leak Detector 2 60 120
Stethoscoplc Bar 2. 3 [
Spare Parts ' _ I..5. 24
Sub-Tetal 2) 450
Tetal 3 ° 4,200

1. Stage-i Rehabilitatin/Modification Works  TOTAL ' 13, 400



Cost

I1. Stage I Expansion Works .
500

. . ition a) Space 1or Staff Houses 0200 2 . 1,000 . 0.5
1. Land-Acquis o : xps hotuses’ 4,800 ° 0.3 2,400
b) Space for Dweller 3160 m2 . - 5
%x 30 houses = 4,800.m2
Total 1 . © 2,900
2. Treatment Plant Faclillties .
1} Uben Plant ad Intake and Raw Water Pipeline - i e
Intake Tower WA m x L 20 m 3,200 . 2 6,400
x H20 m s 3,200 m3 ’ L :
Raw Water Pum
Q6.2 mi/min x H'30.m x E5 kW. .
Hetor Drive Type ) 3 263 78¢
Engline Drive Type . 3 447 1,341
Piping and: Wiring Works - . L.s. 1,070
Raw Water Pipeline R 80 - 4 a0
Dia 500 mm SP x 80.@ i ) : o Lo
Hiscelleneous Yorks L.8, . 280
SubwTota} By o . 10,200
b} Ubon No.4 Planl e L
Civil Works of Treatment Plant’ L.S. 38,500
Buildings .of Admlnistraijon and L.8. | . . 3,800
Elevated Tank V=250 m3 . L.S, = 2,000
Instrumentation Facilities L.S. 3,800
Hiscelleneous Works . ' : Las. . 5,800
Distribution Fump - R . .
Q10.8 m3/min. x H: 30 m x 75 KW . . T [
Holor Drive Type - . ' - ' 2 325 -, 650
Engtne.Drive Type = | 652 B2
Q5.4 m3/min:x H 30 o x 46 K¥ o ER
Motor Drive Type : 1 243 243 .
. Engine Drive Type - 1 - 317 vy
Piping and Wiring Works L.S. . - 978
Pump House 8 m X 25 m = 200 2 200 4 800
Clear Water Reservolr Vns 500 53 5,500 2 11,000
sub-Total b} = . : 68,700
c) Other ¥orks . ) ) o )
Staff House ) _ ) ) 388 1,940
Replacement of Plpellne o : T 250 0.841 210
ACP Dia 250 x 250'=m - . .
Hiscelleneous .Works' ' : . t..S. .' 0
Bwellers' House cgnstruclion . 1§ 410 6,150
(one house for two famllies, : :
30/2 s 15 houses) : o
Compensation and Others L.5. 1,850
Sub-Total c) ' i . 10,200
Sub-Total 1) : 89,100
2) ¥Warin Plant Clear Water Reservair V=1 200 m3 1,200 . 2.5 3,000
Miscelleneous. Works : ) LS e 600,
piatribution Pump . .77 : T ’
Q6.2 m3/min X H-30 & * 55 kH : o
Motor and Engine Drive Type -~ . 1 BE6D 560
Q3.1 m3/min x H 30 m'X 30 kW . .
Motor and Epgine Drive Type ' b 360 . 360 .
Piping and ¥irlng Vorks o L.S8. : S 460
Pump House & m % 10 m = 80 m2 - 80 i 4 320
Miscellencous Works . o L.S. } 300
Sub~Total 2) - : 5,600
Toetal) 2 S ' ’ e 94,700
3. Distribution Facillitles Dia. 400 mm DIP x 980 m : . 980 2,815 2,759
: Dla. 400 @n ACP x 8,820 : 3,920 1,807 7,476
Dia, 300 m DIP x 1,020 m : 1,020 1,998 2,088
Dia. 300 om ACP % 4,390 . .4,390. 5,149 5,044 -
Dia. 250 mm DIP X 980''m .| 960 3,538 " 1,476
Dla, 250 mm ACP x 3,830 m. . . 3,830 0,841 . 3,221
Dia, 200 pm DIP % 1,700'm C 1,700 1.236 - - 2,101
Dia, 200 mm ACP x 6,780 m . 6,790 . 0.644 4,373
Dla. 150 mm ACP x 4,800 m ' 4,800 0,45 2,160
Dia. 100 mm ACP. x 24,450 m 24,450 0.327 . 7,995
Pipe Bridge and Roed Crossing . - . L.S. : : 3,864
Works . . o N
Mlgcetieneons Horka : ~L.8, - 8,794
_ Total: 3 . o : R 48,300
11. 3tage I Expansion Works  TOTAL . ) : '146,900

GROUND TOTAL ¢ I + 1) o _ e 159,300 .
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APPENDIX 10
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Table-10.1
Table-10.2

Table-10.3

Table-10.4

Table-10.5

Table-10.6

Table—-10.7

Table-10.8
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Table-10.10
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Table-10.,12

Table-10.13

FINANCTAL AND ECONOMIC STUDY

Cash Flow Projected At 1986 Price s aeisaaaaa
Cash Flow Projected At Current Price

{(With Every Year 1Increases In Water Tariffs) pees
Cash Flow Projected At Current Price

(With No Changes In Water Tariffs) e eseeaaaeas
Formula Suggested For Share Allocation

Of Head And Regional Office Expenses

Based On Waterworks Net Surpluses treaeaen camrens
Cash Flow Projected At 1986 Price

(Share Allocation Of Head And Regional

Office Expenses Based On New Formula}l sresrranaas
Cash Flow.Projected At Current Price

(With Every Year Increases In Water Tariffs,

Based On New Share Allocation Formula) certa s
Cash Flow Projected At Current Price

(With Every 3 Year Increases In Water Tariffs,
Based On MNew Share Allocatibn Formula) ....... cee
Cash Flow Projected At Current Price

(With No Changes In Water Tariffs,

Based On New Share Allocation Formula) ERERE TR
Debt Service Projected

{Based On Assumption Finance Given By

A Foreign Loan With 8.5 % Interest Rate) ceeiieea
Cash Flow Projected At Current Price

(With Every 3 Year Increases In Water Tariffs,
Based On Assumption Finance Given by

A Foreign Loan With B.5 % Interest Rate) ..... ves
Fixed Assets, Unit Cost After Depreciation

and Rate Of Return

{Based - On New Share Allocation Formula) ..........
Financial Internal Rate Of Return

{Based On New Share Allocation Formula) ......... .

Average Incremental Costs (AIC) ca e v
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AlQ

Al0

Al0
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al0
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AlOQ
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Mverage Incremental Costs (AIC):

{Based On New Share Allocation Formula)

Economic Benefits VS Costs, Incremental

{Based On New Share Allocation'Fotmula)

Economic Internal Rate Of Return {BIRR)

Usiﬁg Average Water Tariff As Economic

‘Benefits

{Based On New Shafe.Allécatibh Formﬁla)

Economic Internal Rate Of Return (EIRR)

L A I

=% 9o ne sae

L R R

Using AIC As Economlc Benefits ...;....}a......;,

Economic Internal Rate Of Return (EIRR)
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Tabte—w'.m FINANCIAL INTERNAL RATE OF RETURN (FIRR)

[UBON- HARIN NATERNGRKS]X 1 UOB BANT

TOTAL CAPITAL UPE_RATINr 1986 PRICE ¢ NET BENEFITS ‘
YEAR WATER. . - INVESTMENT COSTS & NET .} DISCOUNTED ~ DISCOUNTED
QEVENUE _ CGST ﬁ K.R.0.¢ ' REVENUE ! AT 8'%_ N AT 9 35
1987 Y v B 2y /. I ' -2 521 ' ¥21498
1988 9 Co1%98 0 13,98 ! -1.989. 0 -1LTN0
1989 1,922 - 12:428° “3.248 =175 1 6155 -5,987
. 1990 10+350. - 65404 41137 59191 b 43507 0 -EN932
1991 12123 96:313 4584 =887 3 -60418 o 497
1992 20,417 ‘ 9,542 10,876 1 0 - c6.853 6,485
1993 - 23,035 : 0,142 T 124893 4 1S3 1058
1994 261658 _ 11,264 15,394 B3 T:126
1995 30.445 12,660 0 17850 8897 o . 8189
199 2 3BT 3676 200097 8 9309 8489
197 36,509 CHRS3 23316 0 9897 170
1998 40,255 _ 15,617 241638 ! 9,786 85760
- 1999 43,147 16:692 260455 ! 9:727 8+629
2600 46,213 ' 17,92 /2 1 w6 Bibsd
W1 4623 e 28292 f 8919 767
2002 461213 7921 %2 b &8 - Th12
- 2003 46,213 . 10921 0 28292 Tibhe 63538
2004 46:213 ezt 282 v 080 5,998 -
2005 46,213 17,921 28,292 1 T 6:556 S 117 I
2006 46,23 17:921 28 292 Y F117( R 51048
Salvage _ -90,656 _ 90 656 E 19450 4173 -
TOTALS 608,527 100,19 251,54 266 YAt 908 5266
Note: Share Altocation of Head and Regional . - FIRR: 8+(9-8 ) x 19, 028/{19 028+S 266)
Office Overhead Expenses calculated by a-new : =8.783%

tentative formula based on watervorks net surplus.,
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Table=10.15 ECONOMIC BENEFITS VS COSTS (INCREMENTAL)

[UBON-WARIN WATERWORKS] x 1:000 BAHT

-YEP"R AT 1986 PRICE DISCOUNTED AT 10% PER ANNUM
: BENEFITS (OSTSx BENEFITS {OSTS
1987 0 21430 0 2217
1988 - 0 12:373 0 0,22
1989 8,027 13,127, 6031 " 9,862
1990 10,692 59,526 1,303 40,657
199t - 13497 86,386 8,38 53,639
1694 26118 %01 12,651 4i204
Sy 31,423 10,128 13,326 £r20%
1996 - 35,798 10:940 13,802 4218
1997 391621 11,627 : 13,887 ‘ 4,075
1998 43,568 124494 13,882 3,981
1999 - 47033 13,354 131624 3,868
“Z000 50,499 14331 13,298 5775
2001 501499 . - 14,337 12,089 31632
2002 5(,499 14,337 - 10,990 3:120
©,2003 50:499 © 1h357 9,991 24836
L2004 - 50,499 164357 2,083 2:579
o 2005 “50,499 ' 14,337 — 8257 21364
- 2006 o 50:499 14,337 7:506 2,13
Salvage - -78:000 o -115%
TOTAL . 651,802 ' 279,511 196,368 158,339
BENEFITS/COSTS = 2.332 BENEFITS/COSTS = 1.240

Mdtef % Share of Head & Regional.ﬁffice Overhead Expenses calculated by
a nev tentative formula based on vaterworks net surplus.
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APPENDIX 11  UNACCOUNTED-FOR WATER STUDY

il,l Introduction

Unaccoﬁntédffbr water is defined as the differehce‘between:the voiume of
produced water (water production) and that of'sold water (water sales).
The waterrprpductibn is measured as the outflow of treatment plant, while

- the water sales is calculated as the sum of customer meters’ reeding;

Incluﬂed in the water sales are discount rate consumptlon, bad debt, publlc

use and others.

"Disddunt:rate is applied to the consumption by veterans, waterworks staff
.and hospitals, As the: consumptlon is very small in size, the impact on the.

'whole revenue is almost negllglble.

_ Bad debt lS the. uncollected credit which should be written off. Although -
some consumers delay regular payment because of handy money' o shortage or
unwtlllngness by reason of their dissatisfaction with the service, payment

ls_made eventually in most cases. Bad debt is also negligibly small.

Regarding'thé'public use,'most ef the public_institutions are paying the

normal'fate duly, exeepting‘those applied with discount rates.

All of the water sales can be considered revenue-beaxing or accounted-for

 water practiealiy in Thailand.

ThlS sLudg alms fox setting up the framework to reduce unaccounted~for
'fwater in the future. During the field 1eakage survey undertaken as a part
of the study, some useful and important findings were made, as reported in

the Attachment herewlth. Some. of the essential findings are quoted in the

:main report._

In_the.following gsections, classification of the unaccounted—-for water,
existing conditions related to the issue, framework for reduction are

- discussed. .
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11.2 Classifigation of the unaccounted-for water

For the present study, nUnaccounted-for Water" is classified into four

categories, as shown below;

1) 1llegal Connection
2)  Meter Reading ‘Brror |
‘3) Metering Loss (Under“sensltiv1ty of Consumer 8 Meter)

4) Leakage
1Y  Illegal Connection

Illegal connections are defined as lntentlonal mlsmanagement of water
meters and plpeworks consplred to steal the publlc supply water, They
lnclude breaking or bypassing water ‘meters and making a Lonnection h
unlawfully.' The water consumed through such connectlon is stolen partly or

wholly.

2) HMeter Reading Error

Meter reading error occurs in such cases as 1) the meter reader fails to
read the meter because of very difficult accessibiiity, and 2} the meter
reader mistakes reading. The part of watex guéssed fox cbnsﬁmptioh and

underPestimated by mistaken réading becomes unaccounted-for water.

3} Metering Loss

Undersensitive or malfﬁnctioning'water meters under-register the actual
flow. The under-registered part of water becomes the unaccounted-for.

4) Leakage

Water loss caused by leakage'from_cradks, holes and loose joints of pipes-
and fittings before flowing into consumers' meter bélongs this classifica-

tion. However, the water loss from the plumblng on the down-stream side of

water meter is not classified herein.
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.11.3'.'Approach'of the Study

“The four’categgries of unaccounted-for water itemized in the previous

section'are'sorted out into two groups by the way of approach, namely;

- “Group 1 : = Reducible by Institutional Management
' - Illegal Connection

= Meter Reading Brrox

Group 2 : Reducible by Technical Maﬁaqément

~ Metering Loss

- Leakage

'The-followiﬁg steps will be taken in'narrowiﬁg down the leakage:

t

eatimation of the total unaccounted-for water, firstly

i

estimation of the metering loss, secondly

estimation of the illegal .connections' loss and meter reading error,
thirdly -

deducting the sum of the second and third from the first

Thé balance calculated by the deduction is designated as the leakage.



	APPENDIX 7 COMPARATIVE STUDY
	APPENDIX 7-2 COMPARISON OF UNIT PRICE AND COST OF WATER BETWEEN PWA AND PRIVATE FACILITIES
	7-2.3 Unit Price of Water by PWA
	7-2.4 Remarks


	APPENDIX 8 PRELIMINARY DESIGN
	TABLE OF CONTENTS
	8.1 Rehabilitation and Modification Works
	8.1.1 Ubon Treatment Plant
	8.1.2 Warin Treatment Plant
	8.1.3 Distribution Pipeline

	8.2 Expansion Works
	8.2.1 Intake and Raw Water Pipeline
	8.2.2 Ubon (No.4) Treatment Plant
	8.2.3 Distribution Pipeline


	APPENDIX 9 COST DATA AND CONSTRUCTION COST
	TABLE OF CONTENTS
	9.1 Cost Data
	9.1.1 Cost Data Collection
	9.1.2 Pipelaying Cost
	9.1.3 Treatment Plant, Buildings and Others
	9.1.4 Land Acquisition

	9.2 Classification of Works
	9.3 Cost Allocation of Foreign and Local Currency Portions
	9.3.1 Basic Conception
	9.3.2 Foreign and Local Currency Elements
	9.3.3 Combination of Foreign and Local Currency Elements

	9.4 Construction Cost

	APPENDIX 10 FINANCIAL AND ECONOMIC STUDY
	LIST OF TABLES RELATED TO FINANCIAL AND ECONOMIC ANALYSIS
	Table-10.1 Cash Flow Projected At 1986 Price
	Table-10.2 Cash Flow Projected At Current Price (With Every Year Increases In Water Tariffs)
	Table-10.3 Cash Flow Projected At Current Price (With No Changes In Water Tariffs)
	Table-10.4 Formula Suggested For Share Allocation Of Head And Regional Office Expenses Based On Waterworks Net Surpluses
	Table-10.5 Cash Flow Projected At 1986 Price (Share Allocation Of Head And Regional Office Expenses Based On New Formula)
	Table-10.6 Cash Flow Projected At Current Price (With Every Year Increases In Water Tariffs, Based On New Share Allocation Formula)
	Table-10.7 Cash Flow Projected At Current Price (With Every 3 Year Increases In Water Tariffs, Based On New Share Allocation Formula)
	Table-10.8 Cash Flow Projected At Current Price (With No Changes In Water Tariffs, Based On New Share Allocation Formula)
	Table-10.9 Debt Service Projected (Based On Assumption Finance Given By A Foreign Loan With 8.5 % Interest Rate)
	Table-10.10 Cash Flow Projected At Current Price (With Every 3 Year Increases In Water Tariffs, Based On Assumption Finance Given by A Foreign Loan With 8.5 % Interest Rate)
	Table-10.11 Fixed Assets, Unit Cost After Depreciation And Rate Of Return (Based On New Share Allocation Formula)
	Table-10.12 Financial Internal Rate Of Return (Based On New Share Allocation Formula)
	Table-10.13 Average Incremental Costs (AIC)
	Table-10.14 Average Incremental Costs (AIC) (Based On New Share Allocation Formula)
	Table-10.15 Economic Benefits VS Costs, Incremental (Based On New Share Allocation Formula)
	Table-10.16 Economic Internal Rate Of Return (EIRR) Using Average Water Tariff As Economic Benefits (Based On New Share Allocation Formula)
	Table-10.17 Economic Internal Rate Of Return (EIRR) Using AIC As Economic Benefits
	Table-10.18 Economic Internal Rate Of Return (EIRR) Using AIC As Economic Benefits (Based On New Share Allocation Formula)

	APPENDIX 11 UNACCOUNTED-FOR WATER STUDY
	TABLE OF CONTENTS
	11.1 Introduction
	11.2 Classification of the Unaccounted-For Water
	11.3 Approach of the Study


