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stored in the storage house, in sufficient reserve always,
(6). Office
Since the present site of the waterworks office is leased and
the spece of the office has.become”herrow,_it is recommended'
that a new office will be settled in. the proposed well site,
8.1;5 Distribution Pipeline
Immedlate replacement is proposed for obsolete and defectlve plpes. In

addition to the replacement, installation of dlstrlbutlon mains, as llstede

below, will be required corresponding to the development of the new well.’

Table-8.1 REPLACEMENT AND INSTALLATION OF DISTRIBUTION PIPELTNE

Diameter Replacement  Additional pipe Totai
(mm) (m) | (m) ()
300 * 500 - 500
250 1,600 1,650 3,250
200 - 2,450 2,450
150 - 2,200 2,200
100 650 300 950
Total 2,750 6,600 9,350

* Clear water transmission pipeline

8.2  Expansion Works

An addltlonal deep well hav1ng a 2,100 cu m/d rated capac1ty w1ll be=
developed at’'1 km away from the Kannasut Deep Well MNa. 1 The- specmflca~
tions of the well are as same as the well to be developed in the rehablll-

tation and mOdlflCathn works prev1ously descrlbed The groundwaterx w111
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be transmitited directly from the well to ﬁhe distribution reservoir of the

 Xannasut Deep Well No.l ‘site, then disinfected and distributed by pumps

therefrom.

while, approx1mately 30 % of the productlon ‘of the Phophraya ‘plant will
bhe consumed between the plant and Lhe Dab Fafhun distribution pump
‘statlon. ) And the rest 70 % will be sent to the distribution reservoix
L at Dab Pafhun, then, togethe1 with groundwater of the Dab Fafhun deep

well is dlstrlbuted by pumps.

The hydrauiicuenelysis.of the:distribution;eystem incorporating the

iex1st1ng plpellnes and proposed ones-was carried out by means - of - computer—
_alded network analysis. Table 8.2 on the next page presents the results of
the analysls. F1g~8.1'shows ‘the land use plan by which the areaw1se water

_demands are computed The routes of dietribution pipeline for the térQet

'._year of. 2000 were determlned 1n due consideration of the planned service

:area and future road plannlng env1saged in the Caty Development Plan, and

through exchange of views with the OfflClalS concerned.
Table—8;3 shows Lthe summary of the proposed distribution pipelines based on
the results of hydraulic analysis.

Tdblé'*B'.B .PROPOSED DISTRIBUTION PIPELINES

DIAMETER LENGTH

(mm) (m)

200 + 4,150
150 12,100
TQ0 16,950

Accordlng to the result of hydraullc analysis'of'the'distribution network,
the area will be served mostly ‘under around 1.0 to 2.5 Xg/sg cm service

pressure, as shown in Flg—8.2.
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RESULT OF PfPE NETWORK ANALYSIS
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APPENDIX 9
9,1  Cost Data
9.1.1: 'Cost bData Collection

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

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

. Régarding unlisted:items, estimation was made by illation from related

prices in the list.

Market prices of the materials and products to be used in the eéstimation

were collected and quoted when found applicable reasonably.

Prices qf.éomé'pfoduéts.andfequipments were guoted 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 fptal'length of a pipeline are

'”alloCAtéd to duétilé+iron and asbestos-cement pipe respectively.

The second iS'that.lo_% of the estimated ¢ost including pipes, fittings and
'layinq works is counted for railroad crossing, riverbed crossing and pipe

b:;dqg:additionally.

The third is thaf 15.% of the estimatéd cost ‘as above is counted for
_installaﬁion of wvalves, coﬁgréte thrust blocks and other miscellaneous

‘works,
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Table-9,1 (a) Unit Cost of Pipelaying'(ACP)

(Unifi ﬁ/m).

Dia. (mm) Labor Pipe Malterial Sub-Total . 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
30Q 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 3,04% 319 3,360

- Table-2.1 (b) Unit Cost of Pipelaying (DIP)

(Unit: ¥/m)

Dia. (mm) : Labor Pipe'Material 'SubQTotal' Pavemént Total
100 53 504 557 140 - . 97"
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 2,114 236 .. 2,350
a00 221 2,346 2,567 248 2,815
450 266 2,839 3,105 266 3,31
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 C9,871 . 402 10,273

1,000 873 11,053 11,926 . 436 12,362 .
1,100 1,001 13,086 14,087 :4502  14,557

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



fable-9. 1 (a) and (b) show the cost of unit length (meter) of pipelaying

for asbestos~cement and ductile—iron plpes anludlng pipes, flttlnqS: tabor

and_pavement restoxatlon.

9.1.3-  Treatment Plant, Buildings and Others

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

function graphs shown in Fig-9.1 are used,

To prepare'ﬁhe cost_functién curves, production capacities and construction
costs of seven PWA treatment plants plotted and the curves are drawn as
most”appropriate. Similar data made by other consultants were also

referred for comparison.

The approximately estimated costs were checked with the costs prepared by
calcﬁlating, item by item, components of the whole construction work
involved in the PWA standard design and the both were found close

satisfactorily. -

For other construction works like deep well, available data were studied
“and modification was made by illation from them,

9.1.4 Land Acquisitidn

Land priée of the prospective sites ofitreatﬁenf plants, pump stations and

othér facilities under this plan were estimated based on the contacts with

PWA local officials.
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CONSTRUCTION CAST ( x 1,008,000 BAHT )

CONSTROCTION COST ( = 1,000,000 BAMT }

BUILDINGS FOR ADMINISTATRATION AND OTHER'USES

:1H

50

40

20

TREATMENT PLANT

1,000 2,000
CAPACITY OF TREATMENT PLANT ( m3/h )

1,000 . 2,000
CAPACITY OF TREATMENT PLANT m3/h ) -

F!GURE_ _ COST 'FUNCTION OF TREATMENT PALNT AND :
BUILDINGS FOR ADMINISTRATION AND OTHER USEY

9.1

JAPAN INTERNATIONAL COOPERATION AGENCY.
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9.2 'QClassificatibn of Works
Every'work'involved in the project is to be classified into either one of
the'fbllowing six:
1. ‘Pipelaying works :  laying pipes above— and under-ground-
2, Civil works : construction of barrage, grit chamber, .
clear water reservoir, intake tower, and

earthwork, groundwork

3. Treatment plant.construction

inclusive of 1, 2 and 5
.4, Pump station cbnstrﬁctioﬁ
: :inclusive of 1, 2, 5 and architectural
works
5.  Equipment/machinery ihstaliation
6. Purchase of eguipment/machinery
- This ciéésifiéation is used‘in making allocation of foreign and local
: Cufréncy.portion in the following section and in Table-9.2 listed later.

9.3 Cdéts_aliocation'of Foréign and Local Currency Portions

"Ail df.the estimated costs are-allocated to two burrency portions, foreign

,énd.localg and to each of the six works classified before an appropriate

“.  ratio is to be applied.

9.3.1 Basic Conception

Those:prodﬁcﬁs which.are:imported as.finished and do not need further
processing. in Thailand are co’nsidér'ed to be_ of 100 % foreign currency

portion.
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Labor, both skilled and unskilled, and services looally-prooured are

considered to he 100 % local currency- portion.

In between the above tw0'extremes}_aICertain appropriate ratioeis applied
upon consideration of the characteristic of item. ' '

Even the majority of domestically made, matefials and pfoduofs contain'
foreign currency portion.‘ Cement and steel are made by consumlng 1mported
fuel and electrlcwty, generated by 1mported fuel, Equ19ments ‘and
machlnerles oroduc1ng these materlals are 1mported sometlmes. The

asbestos *cement plpe, a local product, is made of 1mported asbestos.

.oEarthwork and concrete m1x1ng and casting made by laborers in former days

are worked by wachineries, using forelgn currency partly.

9.3.2 Foreign and Local Currency Elements

. The forelgn currency elements are imported raw and processed materials, .

equlpments and machineries, consumable goods 1ncludlng fuel; etc.

The local currency elements are local. raw materials, skilled'eﬁd onskilled‘
labors used directly or indirectly, for 1nstance, further proces51ng of
imported goods, etc, .

9,3.3 Combination of Foreign and Local Currency Eleménts

Of the six ClaSblfled works, Fig-9.2 (1) to (6) shows Low the forelgn and

local currency elements are combined to r*ohstruct them.
The six figures are then sunmarized and shown in Table-9}2.
Seen in the table are:

1} The foreign currency portlon increages in the order of the ltem

- number.



2)

3)

4}

5)
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The locally processed portion is largest in treatment plant

construgtién'and.sméllé9t in eguipment/machinery installation, as

it involves installation of imported. goods £inished 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

aumber .

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

'.numbér,_cbrresponding the labor—intensitiveness of those works.



Works
Descriptibh

' PipélaYing

Civil works

Treatmeﬁt Plant

Construction

Pump Station

Construction

Equipments/

Machinery

Installation

'Equipments/

Machinery

Purchase

A9 -8

F/C

Portion

60
63

66

75

-85

160

L/C Portion

Table-9.2  ALLOCATION OF FOREIGN AND LOCAL CURRENCY PORTIONS

EoCally

Processed

_Poftion

10
11

12

10

Skilled
Labor

14
12

12

Unskilled.
Labor

16
14

10
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9.4  Construction Cost

"Using the cost data mentioned in 9.1, estimation was made on Rehabilitation

and Modification Works and Expansion Works planned for Stage I.

Tt is Sh0wn'in Table-Q.B.
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Table 8.3 CON%TRUCTION COST

"Work ltem

I
RV

n

23
" Scale

3

4)

)
)

3

1)
2)

4)

5y
6)
5%
D

2)

3

Land Acquisitinn

. Phophraya Téeatment Plant

Flow Métcr & Indicator
Chlerine Gas Containar
Level Gaugé

Filter Saﬁd Washer

Kannasut Deep Well Ne. 1)
60 m x 65 m = 4,000 m2

To tal |

For Raw Water Plpe énd
Treated Water

Clear Water Reserveir and

_ Elevated Tank

Tetal 2

Clear Water Transm:ssion P)PEllnB

Flow Meter & Indicator
Level Géﬁge

Chloflnation Facilities

Replacement of Pipeline
ACP Dia. 300 mm x BO0 m
Miscelleneous Works

Total 3

Dab Fafhun Deep Well and Pump Statlon

For Inlet and Outlet Pzpes
of Station

Clear Water Reservolr ahd
Elevated Tank

Chloeorinator 9. 0kg/day and
Appurtenances :
Chlorine Gas Container Scale

Tota l 4

Kannasut Deep Well and Pump Stat:on

Desp Well
Inteke Pump

Distribution Reserveir
Distribution Pump

Chierination Facili~
ties e

:Building

Miscelleneous Works

Distfibution Pipeline

Raplacement of Pipe"
line

-Installgtlon of

Pipeline

Leak Detectien
Equipment

I. Stage I Rehabilitatin/Modification'WOrﬁs

"Works

Dia. 300 ‘mEm X 150 m Depth
Q1.5 m3/min x H35 m x 15 kW
Motor:& Engine Drive Type

‘Capacity 1,000 m3

Q4.1 m3/min x H3IE m x 37 k¥

Motor Drive Type

Engine Drive Type

Q2.1 m3/min x H35 m.x:22 k¥

Motor Drive. Type

Engine Drive Type

Piping and Wiring Works
(including intake pumpd
Chlorinater 9.0 kg/day and
Appurtenances

Chlering: Gas Contalner Scale
Pump Heuse and Warchouse

Ofifice,

(Total floor space 450 m2)

Te tal h

Dia. 250 mm ACP x 1,600 m
Dia. 100 mm ACP x 650 m
Miscelleneous Works:

Dia, 250 mm DIP x 330 m
Pia. 250 mm ACP x {1,320 m
‘Dia. 200 mm DIP x 480 m
Dia. 200 mm ACP x 1,860 m
Dia. 150 om ACP x 2,200 m
_Dia. 100 mm ACP x 300 m
" Pipe Bridge and R

oad Crossing

Miscel]eneous Works
Metal Pipe Detectior
Non-Metal Pipe Deléctor
Box ‘Locater

l.eak Detector
Stethoscopic Bar

‘Spare Parts

T ¢ tal 6

TOTAL

[y

1,000

—

-

[
wmoWe

1,600
650
LS,
340

1,320
450

I, 960

2, 200
300
L.S.

L. 5.

LA DO DD = e

1. 148

- 550
200
400
200

1200

250
2.8

213
420

167
310
400

200

841
. 327

oo

. 538

. 236
. 644
0. 45
0. 327

(=

80
200
20
80

L8417

Stage 1 Ruhabilitatin/ModiIicatlon Works

1, 100

200 .

400
650

2, 350

1,

2,

1,

2,

i,
1,

10.

I

L,

1,

575"
75

650

100
400 -
400
200'

100

200

250
500

213
420

167
310
200

400

200
800

650

000

346
213
241
508
110
606
262
890

98
457

720
80
200
20
120

24 .

8, 000

25, 160
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Cont!ad <x 1,000 Baht)

B Work item Desdriptfon . ":Quanfity Un}f ' Cost .
. : ) o Cost :
11. Stage I Expansion Works
1. Land Acquisition a) Kannasut Deep Well No.2) 400 0.5 o200
20 m x 20 m = 400 m2 o - -
. Total 1. ' . : 200
2. Kannasut Dees Well (Ne.2) _ _
13 Daep Wall Dia. 300 mm x 150 m Depth . ' 11200 1, 200
2> Intake Pump Q1.5 m3/min x HR6 m x 15 kW ; _ . -
Motor & Engine Drive Type ] 250 .. 250
Plping and Wiring Works L. 5. : . &1
Pump House and Others . L. S. 1200 -
(Total floor space B0 m2) L L
Miscelleneous Works L.s. 400
Total 2 SRR 2, 200
3. Clear Water Transmisslen Pipeline ‘ . . o _ ]
1) Pipeline ' Dia.- 200 mm DIP x 200 m .. 200 1,236 247
Dia. 200 mm ACP x 800 m . ) ‘800 . 0. 644 - Blb
Pipe Bridge and Road Cressing - L. 8. . .. T8
Works R - . . R
Misceglileneous Works . : : L. S. Lo 162
Total 3 . . 1,000
4, Distribution Facilities ' _
1> Pistribution Pump Kannasut. Deep Well (No.1)
Pump Statien _
Q2.1 m3/min x H35 m x 22 kW S ’
Motor Drive Type ) : A 157 - - 187
Piping and Wiring Works i "L.S. 43
2) Distribution Pipeline Dia. 200 mm DIP x 830 m- 830 1.236 1,026
Dia, 200 mm ACP: x 3,320 m 3,320 0.644. - 2,138
Dia. 150 mm ACP x 12,100 m - . 12,100 0.45 - 5,445
Dia. 100 mm ACP x 16,950 m ) 16, 950 0. 327 5,543
Pipe Bridge and Road Crossing’ L.s .. 7 1,415
Works } . . . .
Miscelleneous Works L.s. .2, 233
Total 4 ' 18, 00D
I1. Expansion Works  TOTAL : ' _ - SR 21,400

GROUND TOTAL € I + 11 ) o : C . 46,800
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LIST OF TABLES RELATED TO FINANCIAL AND ECONOMIC ANALYSIS

Table-10.1
Table-10.2

Table-10.3

Table-10.4

Table-10.5

Table-10.6

Table-10,7

Table-10.8

Table-10.9

Table-10.10

Table-10.11

Table—10.12

Table-10.13

Cash Flow Projected At 1986 Price
Cash Flow Projected At Current Price
(With Every Year Increases In Water Tariffs) vees ALD
Cash Flow Projected At Current Price

(With No Changes In Water Tariffs) A10

Formula Suggested For Share Allocation

Of Head And Regional Office.EXpenses
Based On Waterworks Net Surpluses AlC
Cash Flow Proijected At 1986 Price
(Share Allocation Of Head And Regional
Office Expenses.Based On New Formula) cererasena. A0
Cagsh Flow Projected AL Current Price

(With Every Year Increases In Water Tariffs,

Based On New Share Allocation Formula) ceaseesvas  ALO
Cash Flow Projected At Current Price

(With Every 3 Year Increases In Water Tariffs,
Based On New Share allocation Formula) Pereaae s
Cash Flow Projected At_Current Price
(With No Changes In Water Tariffs,
Based On New Share Allocation Formula)
Debt Service Piojected

(Based On Assumption Finance Given By
A Foreign Loan With 8.5 % Interest Rate) sereanss  AlO
Cash Flow Projected At.Current Price

{With Every 3 Year Increases In Water Tariffs,

Based On Assumption Finance Given by

A Foreigh Loan With 8.5 % Interest Rate)  ........
Fixed Assets, Unit Cost After Depreciation
and Rate Of Return

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

(Based On New Share Allocation Formulal ......... .

Average Incremental Costs (AIC) e rrraee s

4

2

10

11

12
13



Table—-10.14
Table~10.15

Table-10.16

Table-10.17

Table-10.18

.Average Incremental'Costs (AIC)

(Baged . On New Share Allocatlon Formula)

Economic Benefits VS Coqts, Incremental :

(Based On New ‘Share Allocatlon Formula)
Eoconomic TntLrnal Rate Of Return (EIRR)
Uslng Average Water Tariff As Economic

Benefits

'(Based On New -Share Allocation.Formula)

Beconomic Internal Rate Of ‘Return (EIRR)

Economlc Internal Rate orf Return (EIRR)

U51ng ATC As Economic Beneflts

(Based On New Share Allocation Formula)

AR NLIE IR B Iy}

* e e aatan

N X

051ng AIC As Economlc Beneflts ..}............;..

LI B A

AlQ

AL

AlO

‘210

A10

14
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Table-10.12 FIVANCIAL [KTERSAL RATE OF RETURY GIRND  TADLE 6-14

[SUPHANBURT WATERWORKSIx 1,000 BAHT T 0.08 - - 004
TOTAL - - CAPITAL ~ OPERATING ~ 1986 PRICE - NET BENEFITS _
YEAR - WATER  TNVESTMENT (0STS'& NET 1 DISCOUNTED DISCONTED
REVENUE COST RRO.% - REVENE AT 6Y - M7
1987 0 2,982 0 ~2,983 ! ~2,806 . -2,868
1988 . D 12,596 015 Y LR 1,645
1963 1,676 15,600 - 431 -14,360 i -13,142 -12,767 .
1990 2,%3. - 28 - 652 1,396 ! L0 0 L8
19m 2,50 24,154 1,461 - -23,085 ¢ ~13, 889 ~18, 950
1992 3,874 - 1,416 2,458 0 2,05 1,943
1998 4,012 1,488 . 2,524 .1 Cg082 . 1,018
1394 4,43 4,688 280 %8 ,19
1995 - 4,950 ' 1,74 3,244} code . 2219
1996 - 541 1,850 3,628 % 2,68 - 2,448
1397 5,147 1,844 3,804 1 2,748 N 14
198 G413 . 12,157 4,95 - ..g,94° - 2,658 -
1999 7,09 5,99 4§ jum 2,832
2000 A - 9,543 5016 1 . 8,30 2,908 -
o0 1,585 2,649 5038 . 5,28 A
2002 A 2,549 506 ¢ - 3,18 . 9,E88
2003 7,585 - : 2,563 5,08 ! 8,047 2,585
2004 7,585 2,549 5,036 ! 2,98 2,48
200 7,565 ' 2,609 5,036 ! 2,812 2,390
2006 - 7,585 2,50 - 508 ! 2,788 - 2,299
Salvage . =35,01 S %070 ¢ 13,880 0 - 7,885
TOTALS 101,52 0,478 94,79 3,203 1 925 B0
Hote: % Share Allocation of Head and Regiona} .~ ~ FIRR= 34 (4-0)x9, 215/49, 2154530)

Bffice Overhead Bupenses caleulated by a new C= 305
tentative formula based on waterworks net surplus. o
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Table-10. 15 HCONONIC BENEFITS VS COSTS (INCREMENTAL
. (SUPHANBIRY WATERHURKS) x 1,000 BAHT

- AT 1985 PRICE DISCOUNTED AT 10% PER AUYUY
BENEFITS COsTS BENEFITS COSTS
- 197 0 2,442 B 2,220
1988 S . 1,13 0 9,202
1989 1,676 14,043 1,759 10,551
- 1990 2,253 598 1,546 402
199 2,540 21,502 1,577 ¢ 13,351
1992 . 8,874 905 2,187 511
1593 4,012 952 2,059 48
199 44% 983 2,069 459
1995 4,058 1,007 2,109 65 .
1986 5,473 1,184 2,110 456
1997 5,147 1,244 2,014 4%
1998 6,412 1,380 2,003 440
1998 7,035 1,484 2,038 430
2000 7,585 1,631 1,997 430
2001 - 7,58 1,631 - 1,816 391
- 2002 7,585 1,63 1,651 355
2003 7,585 1,631 1,501 523
2004 7,585 1,631 1,364 293
2005 7,585 1,631 1,240 267
2006 7,585 1,63t 1,127 243
Salvage -21, 683 -3, 223
- TOTAL 101,523 48,577 31,702 38, 489

 BENERTTS/COS = 2086 BENEFITS/COS = 0,824

Hoté: t Share of Head & Regiomal Office Overhead Exgenses
calculated by a nen tentative formulz based on
waterworks net surplus.
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' UNACCOUNTED-FOR WATER STUDY .
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'APPENDIX 11  UNACCOUNTED-FOR WATER STUDY

11,1 Introduction

Unaccounted for water is defined as the dlfference between the volume of
produced water {(water productlon) and that of sold water (water sales).
© The water productlon is measured as the outflow of treatment plant, while

the waLer sales is calculated as the sum of customer meters' readlng.

Included in the water sales are discount rate consumption, bad debt, public

use and others.

ZDiscoﬁht;rate_is applied to the consumption by veterans, waterworks staff
ahd'hospifals; As the cohsumption is very small in size, the impact on the

whole revenue is almost negligible,

Bad debt is thé uncollected credit which should be written off. Although
some consumers'delay regular payment because of handy money's shortage or
unwillingneés'by reason of their dissatisfaction with the service, payment

is made eventually in most cases. Bad debt is also negligibly small,

'Regardihg the public use, most of the public institutions are paying the

normal‘rate-duly,_ekcepting those applied with discount rates.

. All;of the water sales can be considered revenue-bearing or accounted-for

‘water practically in Thailand.

. This étudy aims for.settihg up the framework to reduce uﬁaccouhted—for

wafér iﬁ'thé.future.. buring the field 1eakage survey uﬁdertaken as a part
_ éffthéisﬁudy; so@é useful and important findings were made; as reported in
thefAttachment'herewith. Some of the essential findings are quoted in the

main report.

In-£he.f0110wing sections, classification of the unaccounted-for water,
eX1st1ng condltlons related to the issue, framework for reduction are

dlscussed



A1l - 2

11.2 Classification of the unaccounted-for water

For the present study, "Unaccountedﬂfor_Water“ is cléesified'into'four

categories, as shown below;

1} Illegal Connection
2) Meter Reading Erroxy :
3) Metering Loss (Under- senelt1V1ty of Consumex's Meter)

4) Leakage
1} Illegal Connection

Illegal connectaone are defined as 1ntentlonal mlsmanagement of water
meters and Dlpeworks consplred to steal the publ 1c supply water. They
include breaking ox byp3531ng water metere “and maklng a connectlon
unlawfully. The water consumed through euch connectlon ig stolen partly or

wholly.

2) Meter Reading Error

Meter readlng error ocours in such cases as 1) the meter reader falls to
read the meter because of very difficult acce551b111ty, and’ 2) the meter
reader mlstakes reading. The part of water guessed for Lonsumptlon and

under—astimated by mistaken reading becomes unacconnted for water.

3) Metering Loss’

Undersensitive or mdlfunctioning water meters under-régister the actual
flow. The under-registered part of water becomes the unaccounted-for.

4) Leakage

Water loss caused byeieakage from_cracks,_holes‘end‘looee joints of pipes
and fittings before flowing into coneumers"meter'belongu this ¢lassifica~

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

water meter is not classified hereln.
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11,3  Approach of the Study

The four categories of unaccountéed-for water itemized in the previous

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

Group 1 : Reducible by Institutiocnal Management

~-Illegal Connection

— Meter Reading ¥rror

Group 2 : Reducible by Technical Management

~ Metering Loss

- Leakage
The foilowing steps will be taken in narrowing'down the leakage:

- estimation of the total unaccounted-for water, Firstly
—_Qstimation of the metefing'loss; secondly _
.~ estimation of the illegal connections' loss.and meter reading error,
thirdly '

- deducting the sum of the second and third from the first

The balanée éaléulated by the'deduétion is designated as the leakage.
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11.4 Existing Condition

In this section, to un&erstand Lhe ex15t1nq condltlons concerning -
unaccointed-for water, information of the 1temlzed categorles provxded by

the PWA Headquarters, Req1onal Office and Waterworko Wlll be sxamined.

11.4,1  Total Unaccounted-for Water

The data of water production, water sales and uhaccopnﬁedﬂfbr ratio from

1975 to 1984 are shown in Table-11,1 and plotted in Fig-1L.L.

Similar monthly data from June 1985 to June 1986 are shown in Table<11.2
and plotted ‘in- Fig-11.2. I '

The yearly data- endlng i 1984 and the mcnthly data,‘startlng in the mlddle
‘of 1985 and_coverlng 13 months; show COﬂtlﬂUlty.. Comparlng the 1964 data '_
: and.1985f1986'data,'Juhé'iQQS_to May 1986, the production 1ncreased by 5.4
% and the sales 2.8 %. . The 44 % unédééuﬁted~for_ratlo in 1984 contlnued to

fluctuate between 40 % to 50 % in 1985-1986,

The unaccounted for ratlo whlch had stayed at more or 1ess than 20 % from
1975 o 1982 started to increase sharply after 1982 Whlle the sales

increased slxghtly, the productlon increase was_steep, ‘as seen in Flg 11 1 )

Concerning the worsened situation of Unaccounted-for. ratio, since 1982 to

the present days, no convincing reason has been found, .

To estimate the existing unaccouted-for fatio; the lagt three months' data
of Table~11.2, from April to June 1986;:ﬁerb:averaged, It was Calculated

as 48 %.
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Table=11.1 PAST UNACCOUNTED-FOR WATER RATIL

_ _ UNACCOUNTED-
TOTAL WATER  TOTAL WATER FOR WATER
PRODUCTION ~  SALES RATTO
YEAR _('cu n/year) (cu m/year) (%)
1975 691,550 579,606 - 16.2
1976 684,359 657,993 3.9
1977 805,565 724,645 10.0
1978 920,964 729,470 20.8
1979 1,189,187 942,270 20.8
1980 © 1,372,200 1,080,100 21.3
1981 1,487,800 1,138,046 23.5
1982 - 1,391,015 1,187,212 14.7
'1583' 1,622,970 1,211,156 - _'25.4

1984 . 2,168,555 1,211,786 44.1
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‘Table-11.2 RECENT DATA OF WATER PRODUCTION AND WATER SATES IN SUPHANBURT

D={C/Aa}x100

(a) (B) (C)'  UNACCOUNTED
WATég ' WATER UNACCOUNTED ~FOR WATER

PRODUCTION ~ SALES  -FOR WATER  RAPIO

{eu m/month) (cu m/month){cu m/month) (%)

JUN. 1985 191,950 108,898 83,052 43.3
JuL. 177,170 96,322 80,848 - - 45.6
©ave. 179,560 107,544 72,016 4041
SEP, 183,520 103,777 79,743 43.5
ocr. _ 191,255 97,208 94,047 49.2
NOV, 178,417 105,970 72,447 . 10.6
BEC., . 189,930 101,248 88,682 46.7
JAN. 1986 191,380 92,974 98,406 - 51.4
FEB. . 180,900 100,187 80,713 44,6
MBR. 196,945 96,159 100, 786 51.2
APR. | 203,237 116,877 86, 360 42.5
MAY 222,057 118,647 103,410 46.6
JUN, . 226,505 101,637 124,868 55.1

TOTAL 2,512,826 1,347,448 1,165,378 AVE, 46.4
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1-1.'4_'.2 _ I’.].lega'l Connection

Illegal connections are usually uncovered by information from neighboring

consumers .

When an illegal connection is uncovered, the consumer must pay, in addition
to the penalty fixed under the PWA regulation, the tariff. for the stolen
'water”en the estimation by PWA. The penalty for a 1/2 in. illegal connec-

‘tion is E5,000.

eThe 1nf0rmer is awarded with 20 % of the penalty and 50 % of the water
tarlff pald to PWA by the 111ega] consumer.

As the Suphanburi Waterworks réported to thé'Stﬁdy Teem,_no_illegal
conneciion'had.been uﬁcovered., The illegal connections found in 1985 were
T4 in Pattaya,.12 in Chiaﬂgmai:and'i3 inlUbon/Warin; Very likely illegél
-econnections will be existing in Suphanburi, but they have not been

uncovered.

'Régérdihg'the water loss due to illegal connections however, the vatio will
be very low, Fer the above mentioned three ecities, the loss was estimated

1% at most.

‘In the case of Suphanburi also, 1 % is assumed for safety.

©11.4.3 Meter Reading Error

HDQringifhe field leakage survey, i£ was found that some water meters were
iﬁstaliéd ét'ineccessible spots. In_Suphanburi; some inhabitants are using
Cprivate Qelle; and-the neighboring users have own water meters. It was
'ifound that the consumers' meters of the waterworks and the meters of
prlvate well users were 1nsta1]ed very confusedly in some places, though

the meter reader 1dent1f1ed them correctly._

Az no maps of showing the exact location of water meters has been prepared,
g spottiﬁg them shall depend fully on the meter readers' memory or the con-

sumers® guidance.
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presently practiced is that a metér réader, once allocated to an area, is
not transferred to other areas. 'per{edical change of the allocated area '
together with improvement of preparation of the maps will help decrease the

error- of meter reading.

So far no check. system of preventing ‘or decreasing the meter readlng error
has been tried and the unaccounted for volume of water or ratlo due to the

error has not been made known.

ThHe loss due to meter reading error is not  counted herein;

11.4.4 Meterihg'Loss

According to'the:manufacturers'-ihférmation; -5 % error is tolerated for
the least flow rate at about 30 l/h ina 1/2 1nch meter. The error becomes -

larger when the flow rate falls lower.

When water is dlscharged from a tap opened: ordlnarlly under normal
pressure, the flow is larger than the said 30 1/h and under reglstratlon is

not brought about.

However in Suphanbufi, the field survey: disclosed tﬁat many censumers’ taps,
slightly 0penad. were drlpplng to fill vessels in kltchen -and bathroom.'_' |
The practlce mlght have come from unsteady and unrellable supply condltlon
in the past. The flow rate, apparently lass than 30 l/h, results in under—
registering the actual’ consumptlon, snother cause of the unaccounted “tor

water.,

Ffom the result of meter aoéureCy test whiCﬁ wae'carried'but'for 10:£
consumers meters in Pattaya (See Appendlx 11 of- Pattaya Report), 1t was .
learned that the dlfference between the master meter and the’ sum of tested
consumers’ meters was 4 %. The averege‘age of tested meters was 5 years

after installation.

Fig-11.3 shows the result, classified by the size end age, of water meters

surveyed in Suphanburi,
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65 &% of all the meters is used in the servxce for meore than 11 years and
nearly 60 % of .it for more thap 20 years, w1thout ‘being replaced and
checked of dccuracy of measuremenL The meter condition in Suphanburi.
seems to be_falrly bad, compared with Pattéya, Ubon/Warin and Chiangmai

Waterworks. It surely affects the under-registration of meters.

Upont the consideration of the above, the unaccounted for ratio in

SuphanbUri was assuned as 5 %.
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.11.ﬂ,5 " Leakage

In the foregoing subsections estimated were: 48 % for the total
unaccounted for ratlo, 1 % for 1llega1 «connections, nil for meter reading

error and 5 % for meter loss (under- registration).

:The loakage ratio, deductlng the sum of 1 % and 5 % from 48 %. is calcu-
1ated as 42 % therefore.

Detectlon of 1eakage in Suphanburl is mostly made acc1dentally by the con-
| sumers, passers by and waterworks statf, Receiving information from them,

_ the waterworks send personnel to repair the leaking spots.

" Fig-11.4 shows thernumber_of:repair works made in 1985, the number seéms
low for the estimated leakage ratio, 42 s. Presumably'undétected_and/or
‘uninformed leakage is taking place, because the detection of leakage has

been done in passive way as described above.

The leakagé ratio-resulted from the field leakage survey (See Attachment)
of a blg block of 230 connectlons and a small block of 85 connectlons, was
41,5 % for the big and 16.6 % for the small The Big Block Survey covered

. 5.2'% of the whole dlstrlbutlon plpes_ln Tthe system.

41.5 % of the big block was very c¢lose to 42 %, the estimated leakage
ratio. _Thése,figurés will be indicative of the existing conditions, if not

rgpresentative of_thém.

11.4.6 Conclusions

‘In Suphanburi, the leakage loss is the largest of the several factors
affecting unaccounted-for ratio, and there is much hope to reduce the

ratio,

But the efforts to lower not only leakage but also each factor of the
':unaccounted;for ratio are worth making, as doscribed in the following

sections.
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11.5  Reduction of Unaccounted-for water
11.5.1 Illegal Connections

~The present situation of illegal connection, estimated at 1 % of the total
pnaccountedffor water, is very satisfactory. The PWA regulation which
imposes penalty upon the unlawful consumers and awarding the informers

_ seems to be effective,

. In fact however, no assurance is given whether all- illegal connections have

been uncovered and such connections will not be made any more in future.

_De51rable approaches will be promotlng publlc relations to stlmulate the
'publlc mindedness of people agalnst such 1llega11ty and encourage meter

.readers and’ b111 collectors to find illegal connectlons.

"11.5.2 Meter Reading Error

_ Estimating the error made in reading water meters is most difficéult and it

was counted out of the unaccounted-for water estimation,
However, some ways of preventing and decreasing can be discussed herein.

S It is necessary_to.make a guideline or manual for installing metérs in
fightful Wéys Basiclcoﬂéiderations will be that the meters are safe from
acc1denta1 ‘damage, inundation and suchlike and easy for connection, dis—
cqnnectlon and reading. The existing meters 1nstalled wrongly Shal] bea

relecated.

Also'hecessitated is that the ledgers and maps of recording every house
conneotlon in the dlstrlbutlon system shall be prepared and filed, so that

they are made available to any waterworks official.

:Asusuggested breQiously in 11.4,3, rotating the allocated areas of meter

readers are worth trying.
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11.5.3 Metering'Loss

Metering loss, or the loss due to'underfregistration'bf meters, in

Suphanburi was assumed as 5 % in the ratio.

The figure was established partly on the manufacturers' -information and the
observation of the manner of water consumption, backed up by the result of

field leakage test..

The following measures dre recommended for reducing the loss:
1) Maintaining Accuracy

Overhaul at regular intervals, say 6 yeafs;;Chahginq'parts:and
checking accuracy, 18 to be practiced and records of the overhanl

be kept in file.
2) Checking Meter Size

Over- or under-sized meters register inéccurate-conéumption. A
meter size shall be checked periodically of its suitableness for

consunption especially for large consumers,

11.5.4 Leakage

To prevent.future ogcurrence 6f leakage, much Conéideratidn is to be given :
in selecting pipe material and class, pipeliﬁe rdute and ali§nmen£; burying
and joining methods of new pipelines., When reﬁabilitatioﬁ and_repair'works
are made op existing pipelines, uﬁreiiable'parts of pipeiine shall be
thoroughly replaced, abandoned parts be cut off'fromriiViﬁg_parts
completely, o

Of distribution pipelines,'maps racording exéct alignment, depth,:location
of valves, fittings, service connections shall be preﬁated'and_filed; "TIn
case any change is made on existing conditions, like by road improvement

arnd qrban renewal, the maps shall be updated.immediately.
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Of every service connection, a ledger and map shall be made and filed. In
them;'length,_Size, material of service pipes, location of service connec-—

tion, stop valve, meter shall be recorded. They are subject to updating
when necessary, too. :

-Avallabillty of those maps and ledgers is indispensable for successful

executlon of leakage control,

Fig—ll,ﬁ-shOWS a case of leakage control program drawn schematically.

PREPARATORY WORKS

Preparatory works are the works to be done in preparation of execution of

the leakage control program.

'T;aihihg of staff in detection and repair of leakage control is to_be given

at'éll the levels of PWA, Head Office, Regional Office and waterworks.

in Regional Office and waterworks Qrgénization, a team assigned to leakage

control is formed by the trained staff,

The team selects areas for the leakage survey plan, upon consideration of
' various factors iike‘the'past occurrence of leakage, consumption in the

.area, etc.
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[ PREPARATORY WORKS |

~ training ‘of staff in detection and
repalr of leakage '

- formatlon of a team assmgned to leakage:
control program

- selectlon of areas for the leakage

DETECTION/REPAIR AS —J ' DETECTION/REPAIR AS
B

survey plan

THE LEAKAGE SURVFY PLAN

A PART OF MAINTENANC

¥-routine patrol of pipelines : - flow measutement prior
— information by the public : to detectlon/repair .
~ repair ' - detectlon by equlpment

and repalr
= flow measurement for

. evaluation

i

:ILEAKAGE CONTROL 9RbGRAMT'

~ jmprovement of mappihq.disfribution's
pipework and serv1ce connectlons
- ¢ontrol of dlstributlon/serv1ce pressure

- overall evaluation of leakage reductlon works

FIGURE
ll 5 : )
TAPAN INTERNAT!ONAL COOPERATION AGENCY ﬁ

LEAKAGE CONTROL'§R0GRAM'
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DETECTiON/REPAIR:AS A PART OF MAINTENANCE

_'Patrol'of pipe;ines to detect leakage, uﬁder é plan, is practiced.as a

routine work of the mainteénance.
Information'giyen by the public of leakage is responded with gratitude.

Leakage.detected by the patrel and reported by the public is repaired by

the maintenance staff, as a routine work also.

DETECTION/REPAIR AS THE LEAKAGE SURVEY PLAN -

The inflow to the selected area is measured before and after the detection
and repair works."The pre—measuremeht is to géin informations of ' existing
pressure/flow conditions affected by the consumptlon and leakage. The

_post measurement is to evaluate the detectlon/repalr works' effectiveness.

The leakage'surveY’plan carried out for the Suphanburi waterworks is reported

in the attached paper..

LEAKAGE CONTROL PROGRAM

_Infoxmatlons of the dlstrlbutlon pipework and service connectlons galned in
the leakage survey plan'e implementation shall be used for updating the

ex1st1ng maps and ledgers.

- The fesdlt.Of-the leakage survey plan is to be used fqr cqntrdlling the
preésufe'iﬁfthe surveyed area, as overpressurization is found to affect

adversely on leakage sometimes.

CVerail'eﬁaluetion of leakaqe reduction works shall.be made under the
coordlnatlon of engineers, administrative and financial managers. The
8ffect1veness of 1mp1ementatlon of the leakage control program shall be

e studled from the angles 1lke cost performance, worklng COHdlLlOﬂS of per-

sonnel, organlzatlon re—structurlng as well as technical improvement.
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The leakage control program éhall be executed at:regular‘iﬁteryals.uA
Because the leakage ratio of Suphanburi estiniated at,42'%kpreSently shal 1

be lowered to realize the planned 15 % ‘unaccounted for ratio in 2010, 20 .
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ATTACHMENT

FIELD LEAKAGE SURVEY
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l; iﬁtfoduotion

The flEld 1eakage Survey in Suphanburi was Carrled out from July 23 to
_August 1 in 1986, and covered 5.2 % of the distribution pipes of whole
length of thg network as shown in qufllix The field leakage survey aimed
the following goals.

1) . to identify the preparatory works necessitated for effective

execution of a leakage abatement program in future

'2) ' to transfer practical knowohows of handling thé'instruments used
for leakage 'survey and. to introauce.the methodologyoof-leakage

‘survey to the' counterparts
3) to study major'CauéeS of leakage

4): " to recommend a leakage -abatement program prepared based on all

:‘findihgs'of Lhe leakage survey.

2. " Method of Leakage Survey

In +hls 1eakaqe survey; a certaln area was 1solated from the re"t of
',dlstrlbutlon areas by 01031ng approprlate valves, and then medsurement of
_the 1nflow to the area was made for 24 hours oontlnuously and sound detec-
.tlon of 1eaxage w1th1n the area was carrled out at mldnlght when Lhe'
*'background nolse was lOWESt. The advantage of 24 hours! measurement Was

that. it could study about the minimum flow at mldnlght as well as the flow

-pattern in- the area,

A flow metef“of the portabie ultra-sonic type, made by Tokyo Keiki in
Jépan,=was”installed on an inflow pipe to the area, a closed system without

connection to other distribution areas.

Two ways of the midhight_measurement'were_carried out. One was named the

" direct measurement. and another the indirect measurenent.

_The dlrect measurement was measuring the inflow, after all consumers' taps

:were ensured to have been closed The reading 1ndlcated the leakage loss
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pfésumably;

The indifeet measurement was measuring the inflow without any assurance of
".the’cthumers‘ tap condition., The reading can be approximate to the

leakage loss, as the consumption at midnight would be small negligibly.

) To_traln the PWA codnterparts on the methodology and technology described
~above, two areas, named "Big Block" and "Small Block" becausé of their
size, were selected as the pilot area of survey. The direct measurement

was made on the Sma]l Block and the indirect measurement on the Blg Block.

In selecting the survey area (block), the .fol lowing matters were consi-

dered:

(1) the survey block is’ not a newly developed one-
:(25' leakage 1n the block seems Lo be highly probable, accordlng to’
.the waterworks experience
13) plpel:meq in the block are made of the SO“Called Class 15
| Asbestos Cement Pipe manufactured years ago for low pressure
service _ - _
(4) gervice pressure in the bhlock 19 relatlvely high
(5) the block is entirely of residential use and does not contaln any
| ﬁconsumers like factories, hotels, hospltals and fac111L1es which
use water for 24 hours contlnuously _
.(6). the 1nflow plpe is conveniently condltloned for installation of

the flow meter

Details of the steps taken in the leakage survey is-shown in Figs-11.7 and

l11.8 schematically.

To ask. the COnsumers' cooperation for c1051ng their taps during the de"
nlqht survey, from 1:00 to 4:00 a.m. on the appolnted date, announcement
was made by dlstrlbutlnq handbllls to every consumer in the area, prior to
MMeasurement Procedure” shown in Fig- 11.8 for the survey of the Small

'.Block.:
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PREPARATION PROCEDURE

Meeting by Counterparts:
Local and Head Office,

ra-—-.-wmm.—ae—u

Study Team

Selection qf
Survey l':llc;!ck'_._‘I

- Bite

ﬁ}a—Sounﬁ-Detectioh

l
|
i
! Investigation '} on Fire Hydrants and
| g . h :
i ; : ) R Main Valvey
i Mapping snd L [Burvey o
i " Counting of |eemmewneund - Visible -
| - | House Connection [ - Loakage
! .
|
i - Identification
[ of Valve Location
l .
[ L
i Valve Function
I Check
| e
]
| .
| %o “Confirmation
| S S of :

Block Isolatio

Peclision of
Survey Black
Decision of " Decision of
Meter Pit Pressure Regorder
Location Lacation

Excavation of

Heter Pit
L
1
Installation
of
Flow Ee;er
and-
Pressure Recorder
..Héaaprement
Procedure
FIGURE - S | L
1.7 . PREPARATION PROCEDUEE FOR pEAKAGE_SURVEY
JAPEN INTERNATIONAL COOPERATION AGENCY
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ek
Return to
i Se;ectiqn of
Survey Block
iin Preparation
Procedure

MEASUREMENT PROCEDURE'

Check
Equipments
Function

Isolation of
Survey Block

Start

. of

Flow and Pressure
‘HMeasurement

End
.- of

Flow and Pressure
Measurement

Leak Sound Detection

during Hight Time

Confirmation OF Leak Points

during Day Tike

ntinnd
Leakage
Survey -

tf""ﬁpiEé

HO

Heter Pit
Backfill

Pavement
Recover

Data .
Analysis

FIGURE

11.8

MEASUREMENT PROCEDURE FOR LEAKAGE SURVEY

|

JAPAN INTERNATIONAL COOPERATION AGENCY L
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3. Activities of Leakage Survey Team

Nine counterparis from the PWA Head Qpatters; Saraburi Regional Office and
.Suoﬁanburi HWatexrworks @orked willingly with the Study_Teane The_activities

of the Study Team and the counterparts are sunmarized below.

3.1  Big Block Survey

The area, of which the total 1ength of dlqtrlbutlon plpes is 1.6 km and the
number of house connectlons 230, was selected as a Blg ‘Block. Material of
the dlstrlbutlon pipes in the survey block was ACP Class 15, Most of the
service plpes-were of SP. It has been reported that plenty of leakage

cases were found on ACP Class 15.:

In selectlng the survey area, con51deratlon was. glVen to the areds of
frequent leakage occurrence, As there was. only one outdated drawmng
{1:10,000) made available, adv1ce by the experlenced workers ‘of the
Suphanburi Waterworks were of.great help in the selectlon; From the works,
the Study Team could collect indispensable 1nformatlon of the location of
pipes and valves and operability of valves, before flnallzlng the

selection.

All the valves used on isolating theISurvey blook were confirmed of their
operability and the pipes in the block were plotted in the avallable

drawing. The survey block was confirmed of isolation.

The flow meter was 1nstalled on a 200 mm dia.: ACP plpe, burled at more than
1.5 m depth, leading to the survey block Although the depth was unfavor— .
able, no other choice wasg p0551b1o for ¢convenience of 1nsta111ng the
sensor. Excavation work was hard for the workers hired temporarlly,
because-convenlent tools were not prepared well. The flow meter and

pressure recorder, fixed on a fire hydrant; axe shown'in_Figkll.gr

24 hours’ measurement of the flow and,préSSu:e was cattied oet.ffom Juiy 28"
to July 29, 1986, Duriné the 24 hours‘ meésureﬁent. locatlnq leaklng Spots
was tried by detecting sound with stethoscoplc bars and sound detectors.='

Several spots of leakage, invisible but detectable by sound, were 1ocated

and confirmed of leakage on the next day, after digging the ground.
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3,2 -Small Block Survey

2 section of the Big Block was selected as the'Small’Bloék. The' total
length of distribution pipes was30,?fkm and the number of house connections

was 85 in the block. . The }ocation and plan'EIGZShown'in Fig=11.10.

As the Small Block was an'upstream section of'the_Big Block, the same'point
of flow measurement and pressure recording as in the case of the Big Block

was used.

The diStribution pipes surveyed were ACP ClééSIJS; aﬁdHSP was used for all
the service connections, Many of the service pipes were found_laiﬁ above

ground.

24 hours' measurement of the flow and pressure was carried out on_July.29'

to July 30, 1986,

Concurrently with the meésurement,;sbuhd detection of_leékége on the

distribution pipes was made,  using sfethoscopiq'bars and¥é6uhd_detectors.

To see whether the consumers' taps were closed as: rpquested by PWA every-
service pipe was sound -detected aL mldnlght Where the result was p051t1ve.
in a few cases, the service plpe was 1nspected the next day and ‘the leakage

was found on the service pipes. in the prlvate premlses.
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