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Work Plan for the Leakage Control Activities on the Pilot Project

Chapter 1. Introduction
1.1 Objective of the Pilot Activities

National Water Supply and Drainage Board (NWSDB) was established in 1975 as a principal
authority providing safe drinking water and facilitating the provision of sanitation in Sri
Lanka, presently under the Ministry of Urban Development. NWSDB has been improving
water supply facilities throughout the country for the realization of a stable water supply.
Currently, although coverage of the water supply system of densely populated Colombo
district has reached 94.5 %, that of the whole country is still 48.1 %. Therefore, NWSDB will

continue to enhance water supply capacity and improve its service.

Enhancement of efficiency of its business operation and expanding water supply system is
required to achieve its goal. NWSDB has been considering the introduction of Asset
management to (1) improve its business operation by effective distribution of 0&M and
investment costs and (2) formulate a business plan based on prioritized of renewal demand

of aging facilities.

Enhancement of its capacity for leakage control as that of their daily O&M work directly
leads to reduction of non-revenue water (NRW) and an improvement of business operation

and finance.

Improving the quality of pipe installation not only prevents leakages but also promotes

prolonging the lifetime of water supply facilities.

The purpose of this pilot activity is to acquire the knowledge, technology, and skills
necessary for leakage control through practical On-the-Job Training in the actual water

distribution network.

These tasks must be undertaken under the initiative of NWSDB staff in Sri Lanka, utilizing

the equipment, experience and knowledge provided by Japanese experts.
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1.2 Pilot activity strategy

Pilot activities are an extremely important opportunity to acquire practical skills such as

leak detection and repair.

The results of activities conducted by NWSDB staff can be confirmed from quantitative data
through a series of tasks such as estimating the area of water leakage, taking

countermeasures, and measuring the results
1.2.1 Construction of DMA

District Metered Area (DMA) means "Hydraulically isolated area where flow meter can

control water inflow volume".
The DMA method is generally adopted to manage leakage reduction in the pilot area.,

By measuring the inflow of water from one or more inlet pipes with flow meters and
deducting the total consumption of water recorded by customer meters, the amount of

water loss in DMA during a certain period will be calculated.
There are three types of DMA as shown in the figure below.
Type 1: DMA with one inflow point
Type 2: DMA with two or more inflow points

Type 3: A DMA that has not only an inflow point but an outflow point to an adjacent

DMA
O Bulkmeter DMA Type 2 . Water Treatment Plant
< Water Source Multiple Inflow ?
>4 Gate Valve

Water Treatment Plant

/Deepwell Reservoir

—
UJ

[ [ | | e | | | |
[ [ [ | F—— [ | | |
L 1T I | fF—— [ [ | |

- DMA Type 3 . DMA Type 1
Cascade System (Inflow & Outflow) Single inflow

Figure 1.2.1 Type of DMA
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1.2.2 Evaluation of Non-Revenue Water (NRW)

The amount of leakage reduced by a series of activities is a very important indicator for

measuring performance.

Leakage reduction is not only essential for effective use of water resources, but also has a

major impact on improving the management of water utilities.

"Non-Revenue Water" is also one of the factors in evaluating water supply management, and

one of the major causes of NRW is leakage.

Therefore, in this pilot activity, the indicator of non-revenue water is also adopted as a

performance indicator.

Itis expected that this will not only deepen the understanding that the staff engaged in water
leakage reduction activities are contributing to the administrative improvement of the water

utilities, but also promote water leakage reduction activities for the entire organization.

Unbilled Water

System Input
to

Distribution Network Billed Water

System Input Volume Billed Water
(m3) (m3)

NRW (%) = x 100

System Input Volume
(m?3)
Figure 1.2.2 Definition of NRW

System Input Volume “System Input” is the amount of water supplied to the user

through pipelines and water tankers.

Billed Water “Billed Water” is the amount of billable water authorized by the
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water utilities. This includes not only the amount of water

based on meter reading results, but also the estimated amount

of use. The measurement period for “Billed Water” must match

the measurement period for “System Input”.

The first step in reducing NRW is to understand the whole picture of the water supply

system, the person in charge of considering the measures is required to prepare a Water

Balance table.

By creating this Water Balance, it will be possible to comprehensively understand the scale,

causes, and required costs of NRW in an area.

The standard water balance table proposed by IWA is as follows.

Table 1.2.1 Water Balance

Authorized

consumption

System

Input

Volume

Water losses

Billed
authorized

consumption

Apparent
losses
(Commercial

losses)

Real losses
(Physical

losses)

Billed metered consumption

Revenue

Billed unmetered consumption water

Unbilled metered consumption
(Supply to Slum Area or Refugee)
Unbilled unmetered consumption
(Washout, Pipe Cleaning or
Maintenance use)

Unauthorized consumption

(lllegal use)

Metering inaccuracies

Leakage of transmission and

distribution mains

Overflow or leakage of storage tanks

Leakage between service connections

and meter

Source: Performance Indicators / First Edition 2000, IWA
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1.3 PDCA Cycle

For future leakage reduction activities to be effective and sustainable, PDCA cycle-conscious

efforts are necessary.

Plan (Planning) = Setting the goal
* Action Plan for achievement of goal
*5W2H
(Who, When, Where, What, Why, How, How much)
Do (Site Works & Data Collection) -Implementation of the Action Plan

*Record of progress and results of activities
*Record of causes that hinder the achievement of
goals

Check (Evaluation) *Comparison of goal and achievement level
*Review of action plan

l * Analysis of success factors and failure factors
Action (Improvement) *Judgment of continuity

*Modification of activities

- Interruption of activities

Figure 1.3.1 PDCA Cycle
There are four points to effectively operate the PDCA cycle:
» To show targets numerically and to plan concretely activities
» To appoint a responsible person and to execute as planned
» To Make a comfortable schedule

» To check and evaluate progress periodically
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1.4 Pilot activity flow

1.4.1 Activity implementation system

The pilot activities will proceed under the following system.

Since the selected pilot site belongs to OIC Panadura, the leakage reduction activities will be

carried out by the engineers and staff of OIC.

The leader of the pilot project will be the P&C manager of RSC W-S, and will be responsible

for securing the equipment and materials necessary for the activities, obtaining the license,

and coordinating with other departments within NWSDB, while receiving reports from OIC

Panadura.

4 Regional Support Center (RSC) h P&D (Planning & Design
Western-South Coordination| . .
Ve ~ Chief Engineer
P&C (Planning & Coordination)
| Engineers |
Information / Requept Ve ) N\
Exchanges of Opini - Regional Support Center (RSC)
| Engineers | Western-Central
| NRW (Non Revenue Water)
Other Staffs |Coordi btion
| Assistant General Manager |
| Manager |
5 Informationtl,lntroduction S %
- 4 . ™
m Panadura-Horana Office
he] .
@ | Information / Request
'_‘_‘| Exchange of Opinions Manager
S | (eEEEESEmS—) | Acting Manager
Area Engineer
Informationt llntroduction
4 Panadura N A
On-the-Job Training (OUT) | Officer in Charge |
& Technical Support - - ata Sharing
| Engineering |% Other OICs
| Technical Staffs |
| Zone Officer - Zone |
o 2N J
> -

Figure 1.4.1 Activity implementation system
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1.4.2 Implementation Steps of Pilot Activities

If possible to take some

additional measures

Selection of target area

v

Collection of basic information of the
target area

v

Creation of DMA

v

Design of Subzoning

v

—» Installation of gate valves for isolation

v

Confirmation of Hydraulic Isolation of the
target area

No

Pressure falls down

"

Bulk Flow Meter
/Gate Valve

1
Simultaneous pressure |
measurement |

at variable points !

1

Creation of pressure
distribution map

to "zero" o Temmmmmm - '
Yes
y v
Step Test Collection and Analysis of
v customer data
Measurement of Minimum Night Flow ¥
(Base Line Data) NRW Calculation
v v
) Leakage Detection and Repair Accuracy Test
in subzone of Customer Meters
v v
Step Test Analysis of billed water

Achive the goal o
Minimum Night Flow

v

Estimation of Apparent Losses

If impossible to take furtT1er
measures

Figure 1.4.2
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NRW Calculation

v

Cost-Benefit Analysis

v

Evaluation of existing water
network
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Chapter 2. Planning for water leakage reduction measures (Plan)
2.1 Setting goals and evaluation indicators

For all activities, it is necessary to determine the target area and achievement goals in

advance. In general, the goals that can be set as pilot activities are as follows.
» To learn techniques to detect underground leakage

Through practical training in field work, learn leak detection methods and equipment

operation.
»  To clarify the components of NRW.

Quantitatively show the components of NRW in the pilot area and propose the most

effective and efficient measures to reduce NRW.
» To improve NRW rate
Implement the proposed measures and improve the NRW ratio.

This project assumes that most of NRW in the pilot area is dominated by underground
leakages that are difficult to detect, and NWSDB staff aims to acquire the knowledge,

technology, and skills necessary for underground leakage control.

The effectiveness of the measures will be evaluated by monitoring the following data.
»  Minimum Night Flow (Qmne)

» NRW ratio (%)

In case that, after activities, it is found that activities other than leak control are effective in

reducing non-revenue water, we propose measures to be taken.

Al-14
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2.2 Evaluation of real losses (leakage)

The dynamic scheme of real losses (leakage) is shown below.,

Pressure

Management

Unavoidable Level of

Real Losses

Active Leakage

Speed and Quality Economic Level of Real

Losses Control

of Leak Repair

Potentially Recoverable Real

Losses

Current Level of

Real Losses

Pipe and Assets

Management

Figure 2.2.1 Dynamic scheme of real losses

To reduce water leakage, it is necessary to take measures from four directions, however, the

priority of which depends on the characteristics of the district.

Therefore, in the pilot activities, the leakage repair will be carried out first and the effect will
be confirmed. In addition, if a large amount of residual water leakage is observed, additional
measures such as water pressure management and pipeline renewal will be taken, and
measures will be continued until the amount of water leakage can be reduced from an

economical point of view.

There is a level of leakage that is physically difficult to reduce. They call this level
“Unavoidable Annual Real Losses (UARL)". The performance indicators of real losses are as

follows.
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2.2.1 Current Annual Volume of Real Losses (CARL)

Annual Volume of Real Losses (m3/year) %1000

CARL (L/day) =

Number of Water Service Days

2.2.2 Real Losses per connection

Current Annual Volume of Real Losses

Qpcd (L/connection/day) =

Number of Service Connection

The IWA recommends an index (L/km/day) that uses the total length of water pipes instead
of the number of water pipes for areas where the density of water pipes is less than 20

cases/km.

2.2.3 Infrastructure Leakage Index (ILI)

ILI is a value recommended by IWA as an indicator of the vulnerability of distribution pipes.
To calculate this value, calculate UARL (Unavoidable Annual Real Losses) in advance with

the following formula.

UARL (L/day) = (18xLm + 0.8xNc + 25xLc) x P

Lm : Total length of distribution pipes (km)
Nc : House Connection Number
Lc : Total length of service connection pipes (km)

= Average length per connection (km/connection) x Ns. of connection
P : Average water supply pressure (m H;0)

UARL is the amount of water that cannot be expected to be further reduced no matter what
water leakage measures are taken. It is said that this value will be about 2 to 4% of the total
amount of water distributed by any water utility, and it can be understood as the allowable

amount of leakage.

Al-16
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ILI is the value obtained by dividing the amount of water leakage (CARL) shown above by

this UARL and is used to judge how appropriately the distribution network is maintained.

Current Annual Volume of Real Losses (CARL)

Infrastructure Leakage Index (ILI) =

Unavoidable Annual Real Losses (UARL)

The IWA Working Group reports that when comparing ILI values, they can be applied in

relatively large systems at the national, city, and zone levels. The conditions are as follows.

Number of connection : more than 3,000 (no limit for density)

Average water supply pressure : more than 25m as water head

In the case of an ideal water distribution network with no problems, ILI=1.0, which is a
purely technical ultimate indicator. However, it is a value that is practically impossible,

ignoring cost-effectiveness, and it is not necessary to target this level.

If the current ILI and target value can be set in this way, the real losses to be targeted can be
determined using the following matrix according to the ILI value and the average water

supply pressure.

Table 2.2.1 Target value of real losses

Technical ILI Physical Losses (L/connection/day)
Performance (when the system is pressured) at an average pressure of:
Category 10m 20m 30m 40m 50m
A 1-2 <50 <75 <100 <125
E 2 B 2-4 50-100 75 -150 100 - 200 125 - 250
§ ‘; C 4-8 100 - 200 150 - 300 200 -400 250 -500
2 S| >8 >200 >300 > 400 >500
A 1-4 <50 <100 <150 <200 <250
_%: v | B 4-8 50-100 100-200 | 150-300 | 200-400 250-500
%; ‘; C 8-16 100-200 | 200-400 | 300-600 | 400-800 | 500-1000
2 S|bp >16 >200 > 400 > 600 > 800 >1000

Source: Roland Liemberger, IWA Leakage 2005 Conference

Category A Good , Further loss reduction may be uneconomic unless there are
shortages; careful analysis needed to identify cost-effective
improvement

Al-17
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Category B Potential for marked improvements; consider pressure management;

better active leakage control practices, and better network maintenance

Category C Poor leakage record; tolerable only if water is plentiful and cheap; even
then, analyze level and nature of leakage and intensify leakage reduction

efforts

Category D Highly inefficient; leakage reduction programs imperative and high

priority

Al-18
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2.3 Data Collection

In carrying out the pilot activities, the following information should be organized.

2.3.1 Basic data

Table 2.3.1 Data to be collected before commencement of activities

No Items No Items
1 | Number of connections 6 | Distribution Network Drawing
2 | Number of effective customer meter 7 | Extension of pipes by type of material
3 | Billing data during last 12 months 8 | Extension of pipes by diameter
4 | Meter reading data during last 12 9
months
5 | Number of users by category 10

2.3.2 Updating commercial data

While conducting the activity, check the consistency between the data base of billing status

and the current water users, so that NRW and real losses can be calculated accurately.

Table 2.3.2 Commercial data to be updated

No Items No Items
1 | ID Code of region 16 | Sewerage service
2 | Region 17 | Status of meter box
3 | Zone 18 | Operating condition of meter
4 | Registration number 19 | Manufacturer of meter
5 | Customer number for billing 20 | Nominal diameter of meter
6 | Direction 21 | Serial number of meters
7 | Type of connection 22 | Type of service pipe
8 | Water usage status 23 | Diameter of service pipe
9 | Contact number 24
10 | Customer name 25
11 | Type of building 26
12 | Economic status 27
13 | Type of commercial activities 28
14 | Water source 29
15 | Connection date 30

Al-19
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2.4 Design of DMA

Determine the range where hydraulic independence is possible according to the distribution

network map of the activity area.
2.4.1 Definition of DMA

In this activity, DMA is defined as follows.

4 )

Definition of DMA

DMA is the smallest leak management area constructed in the distribution network.
It is used to estimate the amount of water loss occurring in the sector by making it

hydraulically independent at night when water demand is low and measuring the minimum

inflow rate of nighttime (Qmnf).

o J

[Complementary conditions]

» Water communication between adjacent distribution networks is allowed, but
valves must be installed in place to allow the distribution network to be

independent (separate from surrounding distribution networks) when needed.
» Multi point Inflow is permitted.

» Itis not an absolute requirement to install a flow meter at the inflow point, but it
must be possible to install a portable flow measurement device and measure the

inflow water amount at night.

4 )

Scale of DMA

DMA will be set in consideration of distribution network conditions, water demand,
customer density, etc.
For efficient control of water leakage reduction activities, it is desirable that the number of

water supply connections for one DMA is about 500 to 3,000.

J

The ideal DMA is a system that is always disconnected from the surrounding water

distribution network 24 hours a day and allows you to compare the amount of water

supplied to the sector with the amount of water consumed within a certain period.

In order to construct DMA with perfect condition, it is necessary to perform hydraulic
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calculation based on distribution pipe data, and to develop a pipe network that does not

cause a significant shortage of water demand, which requires a great deal of cost and time.

2.4.2 Purpose of constructing a DMA

The purpose of constructing a DMA is as follows.

>

After limiting the boundary of distribution network from the surroundings at
night, measure the minimum inflow (Qmnf) to roughly understand the level of

water leakage occurring in the area.

Divide Qmnf by the number of customers existing in the area to calculate the

minimum nighttime flow rate per connection (Qmnt/connection).

Divide Qmnt by the pipeline extension in the area to calculate the nighttime

minimum flow rate per km (Qmnf/km).

Compare the Qmnr of different DMAs to identify areas with high levels of water
leakage and NRW, and take efficient and effective water leakage reduction

measures considering priority.

It is recommended that the effect of the measures should be regularly confirmed

in the DMA that has taken measures against water leakage, at least once a month.

By installing a remote monitoring system in DMA, we can monitor daily inflow
water volume and water pressure and respond to sudden leaks and water

distribution network accidents.

2.4.3 Information needed for DMA design

The following information needs to be confirmed when designing a DMA.

>

>

Location, diameter and actual status of existing valves and its diameter
Location and diameter of Inlet pipe of a target area

Information of distribution pipes near the expected boundary

In case of sub-zoning, detail of pipeline of its boundary

Water supply pressure

Al-21
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2.4.4 Preliminary design of DMA

Based on the information obtained in advance, the following preliminary design will be

performed.

After that, the boundary may be modified while referring to the data of the water
distribution network found by making the area hydraulically isolated and measuring the

water pressure.

Figure 2.4.1 Preliminary design of DMA

Al-22
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DMA1

T

I Being disconnected

e

—

3

DMA Plan after the meeting on 13 Feb.

TE

DMA4

(0]

X O

00rd

x Opened Valve
x Closed Valve
() Necessary Meter
X Necessary Valve
() Higher than 15m

wJ
30
JAKISSA Rd
DMA3
DMAG
Pd 010w, D160 q
¥ S Ead

Me 0% 6“ .
g i
= § e §

ji]

)

®90
ey o g
2 o
3 8 »
o110 P =
\-1—1. : 250
C—) PARATHA Rid "i - T H
>
i g 63
s x RATHLUPALIYA R, DMAS
> X :
‘ x\ THAKSHALA Rd g
=)
@90
- X
90y | 90
g X b
_‘_a ons P4 P& @225 b P4
DIGGALA Rd [ @225 B
2 "%
© 63

Figure 2.4.2 Schematic image of distribution pipes of DMA
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2.5 Determination of activity schedule

The person responsible for implementing the activity sets the activity schedule based on the

basic workflow described in Section 1.4.2.

» Implementation system and determination

Selection of target area

)

’ Collection of basic information of the

of activity members

target area

.. 2 SRR
»  Secure activity budget Croation of DVIA || stk Fiow Moter
 — /Gatevawe
. . . Design of Subzoning ‘
» Site survey and confirmation of 7
. . . Installation of gate valves for i ‘
construction conditions in the DMA target 7 .
Py ion of . ion of the measurement
area targetarea |} 2t variable points
)
. ) . No Pressure falls down Creation of pressure
> Collection of customer information and distriburtion map

B} . Yes
billed water volume data in the area v
’ Step Test ‘ ’ Collection and I:lnatlysls of ‘
ata
. . ¥
> Procurement of materials and equipment ’ Measurement of ﬂ','.';".',‘:.':)"'g"' Flow ‘ [ wewcalcuiton |
necessary for hydraulic independence Eg [ Leakage Detection and Repair ‘ Accuracy Test ‘
:', H in subzone of Customer Meters
58 I
. . . . =
> Construction of hydraullc isolation 2 E ’ Step Test ‘ ’ Analysis of billed water ‘
§ § Estimation of Apparent Losses
. = Achive the goal
» Measurement of inflow water and
- . Yes
minimum ﬂOW rate at nlght If impossible to take further

measures ’ NRW Calculation ‘

. ¥

»  Calculation of NRW rate [ costmonertanaysis |
!

> Accuracy test of customer meters R

» Detection and repair of leakage

January February March
Activities
w | 2w | 3w | 4w | 1w | 2w | 3w | 4w | 1w | 2w | 3w | 4w
1.
2.
3.
4.
5.
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Chapter 3. Practice of leakage control measures (Do)

The practice of water leakage control using DMA is carried out according to the following
flow.

[Step 1] Confirm location and status of all the exiting valves
and hydrants in DMA

ye

[Step 2] Install valves needed for the isolation of subzone

@

[Step 3] Confirm hydraulic isolation of each subzone

@

[Step 4] Identify subzones that require repair of leakage

using minimum night flow measured by Step Test.

@

[Step 5] Detect leakage points on the pipeline

and repair leakages

@

[Step 6] Execute 2nd Step Test to confirm the effect of leakage

repair by variation of Minimum Night Flow

&

[Step 7] Estimate the volume of remaining water leakage
contained in Minimum Night Flow to find the most efficient

measure for leakage reduction

Figure 3.1.1 Steps of leakage reduction activities
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3.1 Hydraulic isolation of DMA

To proceed with the construction of the DMA, a field survey should be conducted based on
the preliminary design created in advance. The distribution pipe, distribution status, the
presence or absence of dead-end pipes, and the connection status with adjacent areas

should be confirmed and should be reflected to updating work of pipeline network drawing.

After that, the changes from the preliminary design will be clarified and the boundaries for

hydraulic independence will be set.

If the water pressure gauges are installed at multiple points in the area, the valves at the
inflow points are closed, and the water supply pressure becomes zero after a certain period

of time, it means that hydraulic independence has been achieved.

Measurement of pressure at the water tap | Equipment of pressure measurement at a

certain point of distribution pipe.

Close the inflow valve. Close the inflow valve of subzone.

Inflow Chamber o

=@ e
|l

[/
@ Bulkmeter )
Pressure Logger/Manometer Subzone 3 \ Subzone 1

D Gate Valve

Confirm that the pressure falls to zero.

Figure 3.1.2 Image of pressure measurement in DMA
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3.1.1 DMA4

Here, we will learn the basic techniques of DMA construction work, flow measurement, leak

investigation, and leak repair.
The features of DMA4 are as follows.

» This is a small island-like terrain surrounded by the Bolgoda River, and is
connected to other areas by a small bridge, so it is easy to set hydraulic

independence.

» Since this is a quiet area with little difference in elevation, it has an ideal

environment for learning the basic techniques for water leak detection.

T —— ENHANCEMENT OF OPERATIONAL EFFICIENCY AND ASSETS MANAGEMENT CAPACITY PROJECT
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Figure 3.1.3 Location of DMA4

There is only one inflow pipe to the area. Establish a separation plan for subzones
(hydraulically separated subdivisions) with gate valves so that inflow of each subzone can

be measured by flow meters installed at the inlet point of DMA.
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X New Valve
X Existing
@ valve(inactive)

Flow Meter

Figure 3.1.4 Sub-zoning of DMA4

The materials required for the construction of DMA and subzones are as follows.

Table 3.1.1 Material for hydraulic isolation of DMA4

Items Qty
Bulk Flow Meter (DN80) 1
Gate Valve (DN80) 1
Gate Valve (DN63) 3
Flanges, Manhole cover, Valve key etc. 1 set

Table 3.1.2 Basic Information of subzone in DMA4

Subzone No. Number of Extension of General situation
connections distribution
pipes (km)
1 47 1.3 Itis a quietresidential area and
2 107 1.3 the site area per house is
3 89 1.2 relatively large. The difference
4 85 0.8 of ground elevation is small.
Total 328 4.6 -
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3.1.2 DMA5

In the activity of DMAS5, we will confirm the technology implemented in the activity of DMA4

and aim to improve it further.

The features of DMAS are as follows.

>

>

There is only one inflow pipe to the area.
Since there are many existing valves in the area, it is easy to set the DMA boundary.
There are multiple types of road pavement.

There is a difference in elevation, and it is necessary to select an appropriate leak

detection method according to the water pressure condition for each subzone.

——— ENHANCEMENT OF OPERATIONAL EFFICIENCY AND ASSETS MANAGEMENT CAPACITY PROJECT
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Figure 3.1.5 Location of DMA5

There is only one inflow pipe to the area. Establish a separation plan for subzones

(hydraulicly separated subdivisions) with gate valves so that inflow of each subzone can be

measured by flow meters installed at the inlet point of DMA.
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Figure 3.1.6 Sub-zoning of DMA5

The materials required for the construction of DMAS and subzones are as follows.

Table 3.1.3 Material for hydraulic isolation of DMAS5

[tems Qty
Bulk Flow Meter (DN200) 1
Gate Valve (DN200) 1
Gate Valve (DN50) 1
Flanges, Manhole cover, Valve key etc. 1 set
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Table 3.1.4 Basic Information of subzone in DMAS5

Subzone No.

Number of

connections

Extension of
distribution

pipes (km)

General situation

1.9

Quiet residential area, good survey
environment. The difference of ground

elevation is large.

2.1

Quiet residential area, good survey
environment. The difference of ground

elevation is large.

2.5

Divided into noisy areas facing avenue and
quiet residential areas Attention should be

paid to noise on traffic road.

1.7

Quiet residential area, good survey
environment. The difference of elevation in
the area is small, but it becomes lower as it

goes to the end of the pipeline.

1.3

Divided into noisy areas facing avenue and
quiet residential areas Attention should be

paid to noise on traffic road.

1.9

Quiet residential area, good survey
environment. The difference of ground

elevation is large.

1.0

Quiet residential area, good survey
environment. There are some small
factories, etc. The elevation at the valve V7
point is low and gradually increases toward

the end of the pipe.

2.5

This area is facing the main road. There are
many shops, and noise continues to occur
during the day. The difference of elevation is

small

Total

14.9
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3.1.3 DMA3
The features of DMA 3 are as follows.
» There are two inflow pipes to the area.

» The north area is supplied from the distribution pipe from DMA®6 on the west side,

and the distribution network is separated from the south area.

» For smooth and effective implementation of leakage control activities, it is
recommended that the southern area indicated below should be included in DMA
3 and the north area be included in DMA 6.

'I""_'“'“"‘-. ENHANCEMENT OF OPERATIONAL EFFICIENCY AND ASSETS MANAGEMENT CAPACITY PROJECT
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Figure 3.1.7 Location of DMA 3
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Subzone 1
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DN250
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M
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Figure 3.1.8 Sub-zoning of DMA 3
The materials required for the construction of DMA3 and subzones are as follows.

Table 3.1.5 Material for hydraulic isolation of DMA 3

Items Qty
Bulk Flow Meter (DN250) 1
Bulk Flow Meter (DN150) 1
Gate Valve (DN250) 1
Gate Valve (DN80) 1
Gate Valve (DN50) 3
Flanges, Manhole cover, Valve key etc. 1 set
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Table 3.1.6 Basic Information of subzone in DMA 3

Subzone No. Number of Extension of General situation
connections distribution
pipes (km)
1 2.2
2 3.7
3 3.5
4 2.1
Total 1,123 11.5 -
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3.1.4 DMA2

Need to be confirmed how to
separate Subzone 2 &
Subzone 3

ENHANCEMENT OF OPERATIONAL |

TRy REGIONAL SUPPORT CENTRE-WESTERN -

i SR

Existing Valve |

DN63
DN90/DN110
DN160

DN500

Existing gate valve
New gate valve

x| [

Materials
Gate valve DN150: 3 pcs
Bulk flow meter DN150: 2 pcs

New Valve

IDN150

Figure 3.1.9 Sub-zoning of DMA 2 (Preliminary Design)
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Table 3.1.7 Material for hydraulic isolation of DMA 2

[tems Qty
Bulk Flow Meter (DN150) 2 (Plan)
Gate Valve (DN150) 3 (Plan)
Flanges, Manhole cover, Valve key etc. 1 set

Table 3.1.8 Basic Information of subzone in DMA 2

Subzone No. Number of Extension of General situation
connections distribution
pipes (km)
1 ok
2 ok
3 .
4 ok
Total 16.5 -
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3.1.5 DMA1

x| |||

DN63
DN90/DN110
DN160
DN250
Existing gate valve
New gatevalve

REGIONAL SUPPORT CENTRE-WESTI

Materials
Gate valve DN150: 4 pcs
Bulk flow meter DN150: 2 pcs
Flange adaptor DN150: 12 pcs

Vi AW
O New Flpw Meter DN150

%Q.v» o> /

New

« New i:.n DN150

New Vaive DN150
flow Meter DN150

Figure 3.1.10 Sub-zoning of DMA 1 (Preliminary Design)
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Table 3.1.9 Material for hydraulic isolation of DMA 1

[tems Qty
Bulk Flow Meter (DN150) 2 (Plan)
Gate Valve (DN150) 4 (Plan)
Flanges, Manhole cover, Valve key etc. 1 set

Table 3.1.10 Basic Information of subzonein DMA 1

Subzone No. Number of Extension of General situation
connections distribution
pipes (km)
1 2.2
2 1.9
3 49
Total 9.0 -
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3.2 Collection of customer information

Once the DMA has been hydraulically separated and sub-sectors have been constructed, the

customer information in each sub-zone should be clearly indicated in the drawing.

The information arranged here is not only indispensable for the calculation of non-revenue
water, but also important for estimating the apparent loss that is a loss other than water

leakage.
» Customer number
» Customer category
» Date of meter installation
»  Serial Number of meters
» Nominal diameter of meter
» Manufacturer of meter
» Diameter and material of service connection pipe

» Meter reading record during last 12 months (Monthly water use, Accumulated

reading value)
» Billing record during last 12 mouths

Regarding the amount of billed water, the department in charge shall adjust this so that the

data can be shared monthly with the leakage reduction activity team.
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3.3.2 Step Test

The work of grasping how the amount of water distribution in the DMA is distributed and

estimating the degree of deterioration of the pipeline that produces many leaks is called

“Step Test”.

The step test has the effect of running out of water in the entire DMA, so it must be

performed during the time when water use is the least.

Generally, the core time of measurement is from 1:00 to 4:00 midnight, and the time before

and after is also used for measurement depending on the actual conditions of water use in

the area.

Inflow Chamber ("p

—— M

Subzone 2

Subzone 4 e
vV,
<

@ Bulkmeter

@ Pressure Logger/Manometer \ Subzone 3 @

P
,/"3:

¢)
¢

Subzone 1

M Gate Valve

Inflow volume in DMA

i

Close V,

L

Close V,

Q1: Inflow volume in Subzone 1

Q2: Inflow volume in Subzone 2

A
Q3: Inflow volume in Subzone 3

A

Q4: Inflow volume in Subzone 4

y

Time

Water pressure in each subzone

Close V,

Close V,

Close V,

ClLose V,

{

A

Figure 3.3.2 Imagen of Step Test procedure
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In MNF measurement and Step Test, flow rate fluctuations must be recorded at minimum
10-second intervals, so a flow meter with the following functions is required, such as

"Ultrasonic Flowmeter" or "Electromagnetic Flowmeter (with pulse generator)".
» Flow rate can be measured at intervals of at least 10 seconds.
» Being capable of logging instantaneous flow rate and cumulative flow rate.
» Being capable of measuring in the low flow rate band.

In the case of an ultrasonic flow meter, the accuracy may be greatly reduced at a minute flow

rate of 0.3 m/sec or less.

A general bulk flow meter with impeller cannot measure an instantaneous flow rate, and
has a slow response speed to a flow rate fluctuation, so that it is impossible to determine a
vacant time of water use. Therefore, this type of flow meter is used for long-term monitoring

of water distribution and for analysis of daily or monthly fluctuation of inflow rate.

In the step test, an ultrasonic flow meter is installed in the inflow chamber, and the valve
operation of each sub-sector is performed while monitoring the MNF rate (Qmns). It is
necessary to record the valve operating time and the measuring time required for the

judgment.

In addition, the unit of flow rate should be unified so that the analysis will not be confused

even if the measurer is different.

Secure a connection for water pressure measurement on the inflow pipe, and record the

water pressure at the time of testing with a data logger.

Free straight section Tapping saddle & Ball valve
for Ultrasonic Flowmeter for pressure measurement
Bulkmeter with

Real-time Flow Display

. | \
\ -

=

10 x Dihmeter E « Diameter

Figure 3.3.3 General equipment at Inlet of DMA
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The timing of closing the subzones must be carefully considered in advance, but the

measurement time of one subzone should be maintained for 10 minutes or more.

One or more water pressure data loggers should be installed in each subzone to record

water pressure fluctuations during the step test.

The sub-sector where the water pressure does not reach zero after the valve is closed

indicates that hydraulic independence is incomplete.

3.3.3 Measurement of water supply pressure

When performing water pressure measurement at multiple points in the area, record the

continuous water pressure fluctuation for about one week including the step test period.

By grasping water pressure fluctuations during normal times over a long period of time, it
is possible to judge whether there occurs an abnormality of water pressure during a step
test.

In the water pressure survey, data loggers are used to simultaneously measure water
pressure changes at multiple points. By showing the result as a water pressure distribution
map, it is possible to grasp the area where the water pressure is insufficient in the area and

to estimate whether there is a problem in the capacity of the pipeline.

In addition, the amount of water leakage estimated from the minimum flow rate at night is
the value in the late-night hours, so it is necessary to consider the daily water pressure
fluctuations and correct it in order to calculate the amount of water leakage of the average

daily value

Water pressure surveys are important because they enable such a wide variety of analyses.
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(1) Pressure measurement with data logger

A port for pressure measurement should be provided in the DMA inflow pipe using a

tapping saddle and a ball valve (incorporation valve).

ECICEGCCTE O =l
AT pe
- e G s

| 0 | ] | ) ] E R ] |

abl =)
gl = =

T e PISSSR S

Wi e et e | I s = o= 15 Tt

Figure 3.3.4 Installation of pressure data logger
(2) Logging interval

Since the water pressure fluctuates according to changes in the amount of water in the
distribution network, it is necessary to set an appropriate interval according to the

purpose of measurement.

Table 3.3.1 Recommended interval for each purpose

Logging Interval Purpose

1sec Suitable for observing instantaneous water pressure
fluctuations. Especially analysis of water pressure
fluctuations and water hammer pressure in pump water
pipes, etc. There is also a high-precision Logger that can

record in 1/100 second.

10sec Suitable for detailed analysis of water supply pressure in
DMA. It is also possible to estimate the household use
hours and usage patterns from water pressure
fluctuations, and it will be the basic data for considering

the renewal of the pipe network.

Imin Suitable for monitoring water pressure fluctuations in the
distribution network.

If there is a large fluctuation in units of 1 min, shorten the

interval and measure again.
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Work Plan for the Leakage Control Activities on the Pilot Project

water pressure measurement results

The measured value is visually displayed as follows.

© Pressure Measurement Paint

| Average:

la]

Maximum: 40.6 m

o | Minimum: 104 m

[3b] | Average: 203m

e Maximum: 26.1m —
-— Minimum: 0.0m ) [1b]
Average: 6.6m Maximum: 343m
| Minimum: 25m

Average: 13.5m

(3a]

| Maximum:  344m
| Minimum: 24m

[2b]
: Maximum:
] 2 1 Minimum:

? [Main Inlet]

| Maximum: 32.8m A
Minimum: 4.5m [2a]
Average: 13.8m Maximum:

| Minimum:

7] Average:
(4a)
Maximum: 45.1m .
| Minimum: 11.4m M_ax‘rrnum. 49.0m |-
| Average: 25.8m Minimum: 33m
o B : . . Average: 14.2m
! * i e | —— 7

27.1m
0.0m
6.7 m

Figure 3.3.5 Pressure distribution map (Example)
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The pressure distribution map allows us to understand the following situation:
» Where is the water pressure during the daytime less than 10 bar?

»  Which route has a high maximum water pressure and a high risk of water

leakage?

» Where is the area where the water pressure is low even though the pipe diameter

is sufficient?

»  Where is the area where the water pressure fluctuation during daytime and

nighttime is large and the water supply demand is large?

3.3.4 Trend analysis of water pressure fluctuation

Using the measured water pressure data, the water pressure fluctuation for each time zone

is summarized as follows.

This is the key data used to estimate the actual amount of leak reduction

Water Supply Pressure in DMA 3
m-H,0 (DMA Inlet on August 29, 2020) VAt

45
40
35
30
2 //"""\\
20 A
5 \ /
0 \ i I

. N I i

0

SLELLL S ELLL LSS LSS S S LSS

Time

Average Water Supply Pressure in DMA 3
m-H,0 (DMA Inlet on August 29, 2020)

30 25.85

0:00-6:00 6:00-12:00 12:00-18:00 18:00-24:00
Time range

Figure 3.3.6 Water pressure fluctuation pattern (DMA 3)
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3.4 Setting the base line data

Based on the results of the Step Test and the MNF measurement, set the baseline data before

starting water leakage reduction measures.

The results of the step test and baseline data for DMAS5, which has already been conducted,

are as follows. New DMA activities will be performed in the same procedure.

Table 3.4.1 Result of Step Test in DMA5

Subzone Time Flow Average value Length of pipe | Average volume of
L/min m/h of drop-down (km) drop-down / km
(L/min) (L/min+*km)

MNF (Base Line) A am | 380.64 22.84

Step 1 *koxkam | 304.60 18.28 76.04 19 40.0
Step 2 *ko*xkam | 235.70 14.14 68.90 2.1 32.8
Step 3 *hodkam | 218.13 13.09 17.57 2.5 7.0
Step 4 *EF*am | 174.93 10.50 43.20 1.7 25.4
Step 5 *kF*am | 157.51 9.45 17.42 1.3 134
Step 6 R am 98.70 5.92 58.81 1.9 31.0
Step 7 X am 53.95 3.24 44.75 1.0 448
Step 8 X am 0.00 0.00 53.95 2.5 21.6

14.9
Bulk Mo (amba @ -« Uumoss: Flow Mot Chamir
>4 = Narmally Open salve » = Noamully Clase Vil

= = Boandary kv S rong

Comeral Vahe for Sob pone == P End

Figure 3.4.1 Sub zoning of DMA5
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Here, if the current potential leakage is close to Qmns, consider what level should be targeted

for reduction.
[Unavoidable Annual Real Losses in DMA 5]
UARL (L/day)
= (18xLm + 0.8xNc + 25xLc) x P = (268.2 + 1792.8 + 168.075) x 25

=55726 (L/day) = 38.7 (L/min)

Lm : Total extension of distribution pipe (km) = 14.9 km
Nc : Number of service connection = 2,241
Lc : Total extension of service connection pipe (km)

=0.003 km/connection x 2241 = 6.723
P : Average pressure (m H,0) = 25 m as water head

In the above calculation, the allowable water leakage of DMAS is 38.7L/min, and the

recorded Qmn is equivalent to 10 times the allowable water leakage.

Distributing this allowable amount of water leakage at the rate of extension of pipelines in

each subzone is as follows.

Table 3.4.2 Leakage amount and priority of subzone

Subzone Inflow Length of pipe UARL “Inflow volume” Criteria
volume (km) (%) (L/min) / “UARL’ 10=e: High
(L/min) 5<e<10: Middle
a b c d=a*c e=a/d e=5: Low
Sub 1 76.04 1.9 12.8 49 15.5 High
Sub 2 68.90 2.1 14.1 5.5 12.5 High
Sub 3 17.57 2.5 16.8 6.5 2.7 Low
Sub 4 43.20 1.7 11.4 4.4 9.8 Middle
Sub 5 17.42 1.3 8.7 3.4 5.1 Low
Sub 6 58.81 1.9 12.7 4.9 12.0 High
Sub 7 44.75 1.0 6.7 2.6 17.2 High
Sub 8 53.95 2.5 16.8 6.5 8.3 Middle
MNF (Qmnr) 380.64 149 100.0 38.7 9.8
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When setting the priority of each subzone, pay attention to the ratio of the current inflow to

UARL, and evaluate it as high if 10 times or more and low if 5 times or less.

However, since the measured Qumnrincludes the amount of water used at night to some extent,

it is difficult to uniformly set the above evaluation criteria.

Therefore, it is necessary to individually consider the evaluation criteria and activity target

values based on the results of the step test of each DMA.

3.5 Estimation of apparent losses

The apparent loss mainly consists of the following three, but this project deals only with the

error of the meter body.
» lllegal water use
»  Error of meter reading and data input
»  Error caused by inaccuracy of meter
3.5.1 Instrumental error of water meter

The instrumental error of a water meter is the value obtained by subtracting the true value
that should be indicated from the value indicated by the measuring instrument, and is

expressed as a percentage by the following calculation formula.

Vmerp - Vec
E(%)= —— x100
PC

Vwmer : Water volume recorded by water meter

Vec : Water volume measured by a standard tank

As an example, the instrumental error of a water meter DN15mm is explained below using
[SO-4064 Class B and Class C as an example.
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Table 3.5.1 Class of meter and standard flow rate for accuracy test

Symbol Description Classification by ISO 4064 for DN15mm
Class B Class C
Q1 Minimum flow 30L/h 15L/h
Q2 Transitional flow 120 L /h 22,5L/h
Q3 Permanent flow 1.5m3/h 1.5 m3/h
Q4 Overload flow 3.0 m3/h 3.0 m3/h

The numerical values and units in the above table are the values set for each reference flow
rate, and the accuracy is confirmed by conducting a test in this flow rate band at the time of

manufacturer shipment.

3.5.2 Allowable meter error
Performance requirements are set for water meters.

The maximum flow rate that is guaranteed to be accurately measured is Q3, the minimum

flow rate is Q1, and the measurement range is expressed as R=Q3/Q;.

A meter with R=100 indicates that there is a 100-fold difference from a small flow rate to a
large flow rate, and if the meter has the same diameter, the larger the R value, the more

accurately the small flow range can be measured.

If the meter complies with the ISO4064 standard, it guarantees an instrumental error of +/-

5% when Qi = Q <Q2 and +/-2% when Q2 =Q=Q as the inherent error of the meter.

In other words, in the case of a Class B meter; if the error is within +5.0% when the flow rate
range is between Q; and less than Q, and within £+2.0% when the flow range is between Q;

and Q4, the meter is approved as a shipped product.
On the other hand, for a meter that is in use by customer, twice the above error is allowed.

Therefore, if Q1=Q<Q; is within +/-10% and Q2=Q=Q4 is within +/-4%, it is determined

that the meter in use does not have any problem.
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Figure 3.5.1 Instrumental Error Curve

3.5.3 Accuracy inspection of customer meter using electrical test meter

(1) Survey plan and equipment preparation

First, the target area and the number of cases, the number of investigators, and the
approximate survey period should be decided. For equipment, a portable electronic test

meter and standard tank (20 liters) will be prepared.

Figure 3.5.2 Example of a test meter and a standard tank

(2) Type of inspection method

There are two methods for on-site meter inspection, but this Work Plan describes a simple

method.

It should be noted that all water meters have a permissible error, so a predetermined error

will occur even when inspected with an electronic test meter.

In order to perform meter inspection with higher accuracy, it is recommended to prepare
a standard tank whose volume is accurately measured with officially appropriate method

in advance, instead of using a potable reservoir, and compare the amount of water
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accumulated in the reference tank with the meter reading. ..

[Simple method]

Comparation between Meter

Meter Reading

“

P-{table Resqrvoir

Reading and Registerd Volume
’ on Electronic Meter \

Flexible Hose

Electronic Meter (TR-IV)

e

Water tap
for flow regulation

Shut Off Valve

S o
Inflow = 13

Customer Meter

Figure 3.5.3 Method of Inspection with Test Meter

The allowable error of the water meter is determined by the flow rate band.. Therefore, it

is necessary to adjust the amount of water for each flow rate zone for inspection, and an

electronic test meter is used to set this flow rate zone.

The meter body inside the test meter has the following specifications.

Aichitokei-Denki Electronic Meter: Model EDS-20 (DN20)

Q1: 0.040 m3/h (0.67 L/min)
Q2: 0.064 m3/h (1.07 L/min)
Qs: 4m3/h (66.67 L/min)

Q4: 5m3/h (83.33 L/min)

The error table of the instrument difference of the test meter shows the error at three

points: large flow rate (1,000 L/h), medium flow rate (200 L/h), and small flow rate (100

L/h), in the factry pre-shipment inspection. Refer to the test result certificate in the meter

box.

Table 3.5.2 Instrumental Error of Test Meter

Model: TR-1IV Instrumental error by flow rate
Serial No. 1000L/h 200L/h 100L/h
(16.67L/min) (3.33L/min) (1.67L/min)
Kok %0/ *% 07 ok
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When confirming the accuracy of the meter in use, it is desirable to perform a test in the

following multiple flow rate bands, make corrections using errors close to the flow rate

bands, and perform a comprehensive evaluation.

Table 3.5.3 Example of meter test pattern

Step 1 Step 2 Step 3 Step 4 Step 5
Starting Flow Between Q1 Between Q2 Approx. Q3 Between 0.9*Q3
Qst & 1.1*Q:1 & 1.1*Q2 & Q3
Image
Flowrate | 3L/h~10L/h 27~33L/h 108~132L/h Approx.600L/h 1350~1500 L/h
0.05~ 0.45~0.55L 1.8~2.2 L /min Approx.10 L /min 22.5~25L /min
1.66L/min /min
Total Test 5L 10L 20L 20L
Volume

(3) Test Procedure
1) Preparation of the Test Meter

1la. Remove the air from the meter so that the meter is filled with water.

1b. Secure a higher place than the main body in the middle of the outlet hose so that

air does not enter the hose when water is stopped.

1c. Close the test meter valve and check that there is no water leakage from the piping

1d. Switch the LCD counter display to "Instantaneous Flow Rate Mode".

or hose joint.

In instantaneous flow mode, a U is displayed to the left of the number. 4-digit

display, unit is L/min
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v {23y

1e. Fully open the Shut Off Valve of the test meter body and adjust it so that it is within
the flow rate range of the inspection target while changing the opening of the
Water Tap.

1f. After adjusting the flow rate to the specified range, fully close the Shut Off Valve on
the test meter body.

1g. Use of water from other taps in the residential area is prohibited during the

inspection.
2) Test procedure

Since the counter display was set to "Instantaneous Flow Rate Mode” during flow rate
adjustment in the preparation stage, change the display mode to “Trip Mode” or

“Cumulation Mode” before starting the test.

» The display of the counter changes when the L/min button is pressed for about 3

seconds.
»  Press the Total/Trip button to display zero reset in Trip Mode.
2a. Record the reading on the water meter before starting the test.

2b. Determine the amount of test water for each flow rate band. (Small flow: 10 Lts,
Medium flow: 10 Lts, Large flow: 20 Lts).

2c. Set the counter of the test meter to “Cumulation Mode” and reset to zero

2d. Simultaneously with the start of the test, open the valve of the test meter body and

start passing water.

2e. While checking the display on the test meter, close the valve on the test meter main
body at the moment when the predetermined amount of test water is reached to

stop water flow.
2f. Record the amount of water passing through with a test meter.

2g. Check the instrumental error (%) in the flow rate range indicated in the test meter

instrumental error report.,
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2h. Check the reading on the water meter and record the amount of water measured

within the above time.

2i. Calculate the instrumental error of the water meter by the following formula.

Water Volume measured Water Volume registered

by Customer Meter by Test Meter
Error (%) = x100
Water Volume registered by Test Meter
+ Instrumental Error of Test Meter
3.5.4 Aggregate meter accuracy inspection results
The test results are recorded in the table below.
Table 3.5.4 Format of test record
Meter ID
Step 1 2 3 4 5
Target test flow rate Starting Flow 30L/h 120 L/h 600 L/h 100%
(0.5 L/min) (2.0 L/min) (10 L/min)
Total test volume Variable 5L 10L 20L 20 L

Initial reading of customer

meter

Final reading of customer

meter

Registered volume of

customer meter “A” (L)

Registered volume of

Electrical Test Meter “B” (L)

Test time (min)

Test flow rate of TR-IV
(L/min)

Difference of volume between

A& B (“A"-“B")

Error

((A-B)-B)*100 (%)
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3.5.5 Meter reliability evaluation

Generally, the larger the cumulative cumulative value of the meter, the longer the years of
use, so that it tends to be aged and malfunction. By plotting the cumulative water volume of
the meter on the horizontal axis and the meter instrument error on the vertical axis, you can

read the accumulated meter value of the meter and the tendency of the generator difference.

If there is a high correlation between the accumulated flow rate value and the occurrence of

instrumental error, it is possible to determine when it is desirable to update the existing

meter.

Distribution of Instrumental Error
% of Existing Cusomer Meter (on Q1)
¢ Medidor ——Lineal

30

20

10

*
L 4 4 o o
0
00
Accumulate eter Repding
-10 $o s
*P e ¢ y =-0.0012x
. . R? = 0,2057
-20 o
*
-30
Distribution of Instrumental Error
% of Existing Cusomer Meter (on Q2)
¢ Meter ——Linea

20

15

10

5 o g5 *

0 4

00
5 %% ¢, *+ ——Accumulated Volume of Meter Reading
L AL 4
R y =-0.0004x

-10 »> Rz=0.1013
-15 *
20

Figure 3.5.4 Relation between cumulative water volume and instrumental error
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3.5.6 Estimation of apparent losses

If all test results are plotted on a graph, it can be shown as follows.

® +10%
+10%—
o e
+4%— 5 +4% h.O
~ o
= C D o
5 ‘ Flow
£ Qst Q1 Q2 Q3©
w : @) o
A0 —
4% T o
. lo
7Y S R SR
L ® 10%

Figure 3.5.5 Distribution of instrumental error of customer meter
The error of the existing meter differs depending on each flow rate band.

For households that use water in a large flow rate, the error near Q; has a large effect on the
amount of billed water. On the other hand, for low-income households who often use water

in a small flow rate, the error near Q; to Q; greatly affects the billed water.

As mentioned above, since the measurement error occurs depending on the band and
frequency of the actual water consumption of the household, it is necessary to investigate
the water consumption band of the household in order to estimate the influence of the meter

error on the billed water amount.

Therefore, when calculating the apparent loss of water due to meter error using a simple
method, use an error in the vicinity of Q2 (100 to 120 L/h), which is the band, for the typical

amount of water usage flow band.

Once the monthly NRW is calculated, the ratio of apparent loss and actual loss can be

estimated by the following formula.

By comparing the calculated actual water loss and the MNF rate, it becomes possible to grasp

the amount of water leakage remaining more accurately in the DMA.
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Billed Water (m3/month) < Error (%) /100

Apparent Losses (L/min)
Billing Interval (days) X 24 X60x1000

Real Losses (L/min) = Non-Revenue Water (L/min) -  Apparent Losses (L/min)

3.5.7 Determination of sample size

When considering the sample size under the following conditions, the statistical size is as

shown in the table below.
> Allowable error: 5%
> Confidence level: 95%

Table 3.5.5 Table of sample size

Total number of Sample size Percentage against total
customer meter in DMA (Number of meter) number of meters

250 152 60.8%

300 169 56.3%

400 196 49.0%

500 220 44.0%

800 260 32.5%
1,000 280 28.0%
2,000 325 16.3%
3,000 345 11.5%
5,000 360 7.2%
10,000 370 3.7%

25,000 380 1.5%
50,000 385 0.8%
>100,000 385 <0.4%
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3.6 Leakage detection and repair

From the results of MNF measurement and Step Test, we can identify subzones that should

be prioritized in countermeasures, and proceed to leak detection and repair.

The general procedure for water leak detection is as follows.

[Step 1] House-to-house survey

L

[Step 2] Road surface survey

L

[Step 3] Pinpoint survey

Pinpoint identification of leakage

Figure 3.6.1 Basic procedure of leakage detection
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3.6.1 House-to-house survey

a. Investigate the sound of water leaks on all customer meters using a listening stick.
With this method, it is possible to easily find the leak that occurs between the water
distribution pipe and the water supply pipe. the skilled worker can also

supplement the sound of water leak from the water pipe.

b. It is also possible to use the electronic listening stick in place of the normal
listening stick. Even if the level of skill of the worker is low, the sound amplified
electrically can be easily heard by the electronic sound stick, and the sound

pressure level can be confirmed on the monitor.

c¢. This House-to-house survey can detect leaks as well as abnormal sounds from

meters, leaks in residential areas, and illegal connections.

d. Itisnecessary to prepare a list of customers to be surveyed and mark the location

of customer meters in the drawing area.
e. Record any suspicious events other than water leakage

f. Through this survey, we will narrow down the routes and areas where there is a

suspicion of leakage, and carry out the following Ppipeline Route Survey.

g. Ifthere observed a section of pipeline that can be closed by valves at the both ends
of section, a correlative leak detector is also effective. The correlative leak detecter
can roughly determine the location of water leaks on a section from 10m to 300m

lengh, If sufficient water pressure is secured.

x Thames Water Twitter

Figure 3.6.2 Survey with an acoustic listening stick
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Water pipes are usually operated under internal pressure, so if water leaks, an irregular

vibration noise will continuously be generated from that location.

In the correlation survey, detectors (slave units) were installed at two points in the pipeline
that sandwiched the leak point, the difference in the detected leak waveform was
computerized on the main unit, and the distance to the leak point was displayed on the

screen.

Leak
Sensor l\l/é Sensor Sensor
JL L FL L=l
St e S
Valve Valve Valve

Figure 3.6.3 Survey with a 2 points correlative method

3.6.2 Road surface survey

a. The road surface survey will be conducted using an electronic leak detector on all

or part of the road where the pipeline is buried.

b. In this study, the sound of water leakage is detected by the sensor and headphones,
so it is greatly affected by road noise. Therefore, as a general rule, it should be

carried out at midnight when road traffic is low.

c. Since this survey is carried out after the detection using the correlation machine
or after the House-to-house survey, it is possible to narrow down the location of

leakage.
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Figure 3.6.4 Survey with electronic leakage detector

Hummer or non-
metal pipe detector

Distribution
Branch Pipe

Vibration Propagate
through the Pipe

Figure 3.6.5 Trace of pipeline 1
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== E
Mark the point if you found

suspicious or clear leak

- ) ) ) )
e Tn & 3

Check sound on the pipe

sound.

—>

metal pipe detector attached

Expose pipe XJ L
Hitting pipe by Hummer non- / s

. N7
Private area

Figure 3.6.6 Trace of pipeline 2

3.6.3 Pinpoint identification survey

a. Subsequent to the road surface survey, a leak detector is used to carefully

investigate the location of the leak sound and pinpoint the leak location.

b. Ifitis not possible to clearly identify the leak location, drill a hole in the pavement
with a boring bar or hammer drill and check the internal condition with a listening
stick. If the surrounding ground water level is low and the sound stick is wet, it is

suspected that water leakage occurs in the vicinity.

Acoustic listning stick

G

/4

Bore

7,

7

Leakage

Figure 3.6.7 Survey with a boring bar or hammer drill
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3.6.4 Record of the leakage points

The surveyed locations should be shown in the drawings as follows.

House to House Survey in Subzonel
- E

@®: Sounded point
—: Found line

4 suspect sounds * |
are detected out of
159 connections.

2]

®: Leak Location
—: Found line
| |: Leak repaired

01 Leak sound

found after

surveyed all the

lines.

Identification Survey in Subzonel ®: Leak point

=4 Found line
l_ Leak repaired

"

01 Leak available. *

Leak Point 1 | 5
(09-12-2019) -
" ¥k
L

Figure 3.6.8 Example of record of leakage detection
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3.6.5 Leakage repair work

(1) Preparation
»  Confirm the pipeline information of the leakage point found in the survey.
» Investigate valves that can stop water flow on the target route.
» Notify customers along the target route before repair.
» Procure materials and equipment needed for repairs

(2) Repair work

>

When a leak is repaired, the supervisor should check it and record the repair

result.

Prepare a measurement bucket so that workers can directly measure the amount

of water leakage

If leaked water can be collected from the leak hole, measure the leak rate per

minute.
Record items are as follows.

Location, Type of pavement, Diameter and material of pipe, Installation depth of
pipe, Detail of leakage, Estimated cause, Amount of leaked water, Material used to

repair, Person responsible for repair, etc.
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3.7 Measuring the effects of water leak repair
3.7.1 Minimum Night Flow (Qmnf)

An effective method for estimating the amount of water leakage existing in a certain area
and its severity is to measure the amount of water flowing into a hydraulically independent

zone and analyze the minimum night flow (Qmnf).

Although there is a certain amount of water used at night, it is considered that most of Qmns
is due to the amount of water leakage occurring in the sector, since the water demand of

users is the smallest.

The measurement time period is from midnight to 6:00 in the early morning, and the core

time of Qmnranalysis is generally between 1:00 and 4:00.

The MNF rate (Qmnr) is often measured for the number of connections of about 500 to 1,000
according to the size of DMA. As an example, if the DMA can be divided into 5 sub-zones as

follows, a sub-zone with a large potential leakage can be identified by performing a step test.

——p  Inflow pipe of DMA

===p  Route of pipes in subzones

Figure 3.7.1 Imagen of DMA and sub zoning

3.7.2 Calculation of amount of leaked water

The MNF rate (Qmnr) measured in DMA includes the amount of water used at night and the

amount of illegal water used in addition to water leakage.

Especially when each household has a water storage tank and water is continuously stored
at night, Qmnr contains a considerable amount of water used, it is necessary to notify

residents in advance or secure closure of meter valves.

The breakdown of the amount of water contained in the MNF is shown below.
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Minimum Night Flow (Q.,)
N

Intermittante llegal Use

Intermittent Legal Use
(Sanitary Consume)

/\/\

Constant Legal Use (Keeping water in reservoir)

Constant llegal Use

1 Leakage in customer's premises
(Measured water by customer meter
/Unmeasured water in indetectable flow range)

Avoidable Leakage

Time Transition

Figure 3.7.2 Breakdown of MNF (Qmni)
The value of Qmnr will be gradually lowered by the leak detection and repair.

The reduced amount of water leakage can be calculated by performing Qmnf measurement

and step test again when all the measures for water leakage have been completed.

Qmn=59.3 L/min (3.6 m3/h)

e s N A
A -1.5m3/h
Consume & others Qmni=35.2 L/min (2.1 m3/h)
,M - \\
—
Consume & others
Remaining leakage 4‘[—/\/\/
Remaining leakage
1st Test 2nd. Test
(March 13, 2019) (Aug 6, 2019)

Figure 3.7.3 Monitoring of Minimum Night Flow

In the example of DMA4, Qunr has decreased by 1.5 m3/h due to the leak detection/repair
work, and if the amount of water used does not fluctuate, it can be considered as the reduced

amount of leak.

However, this amount of water is the value at midnight when the water pressure is the

highest, so in order to convert it into the average amount of water per day, it is necessary to
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take into account the fluctuations in water pressure during the day and correct it.

The amount of water leaking from a single hole is highest at midnight when the water
pressure is high, and is low during the day when the water pressure is low. This relationship
is shown as follows. The coefficient N depends on the size and shape of the leak hole and the

material of the pipe.
Leak from small orifice: N=0.5

Leak from crack of pipe or flange joint: =~ N=1.15

Pressure
Pressure
I ’ Leakage Leakage
vqume < volume
Q,
Night time

Q,/ Qy= (P4/PyN
Figure 3.7.4 Relation between leak volume and pressure

Here, assuming that the average water pressure of DMA is changing as follows, the daily

average value of the leakage reduction amount is calculated as follows.

Average Pressure at DMA for each time period

40.00 3741

35.00 -
30.00 - 28.29

2500 | _ e e Average
24.04 m

m 20.00 - 17.77

15.00 - 1267
10.00 -

5.00

0.00
0-6 6-12 12-18 18-24
Time period

Figure 3.7.5 Average water pressure by time period
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Table 3.7.1 Calculation of prevented water leak

Time period
ltems Average
0:00-6:00 | 6:00-12:00 | 12:00-18:00 | 18:00-24:00
Pressure (m H,0) 37.41 12.67 17.77 28.29 24.04
Ratio (P«/Po) 1.00 0.339 0.475 0.756
(P,(/Po)o'5 1.00 0.582 0.689 0.869
Flow (m3/h) 1.50 0.87 1.03 1.30 1.18

Qx = (PX/PO)O'5 x Qo

|

Reduction of Q¢

Qo: Water flow at a reference time band

Po: Pressure at a reference time band

Px: Pressure at a target time band

Calculating in the above example,

Prevented leakage at midnight:

Average volume of prevented leakage:

T

Average volume of
avoided leakage

1.50 m3/h (at pressure of 37.41m H;0)

1.18 m3/h (at pressure 24.04m H,0)
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3.8 Calculation of NRW

Finally, the results of the activities so far are organized as indicators.

The results of the DMA4 activities are as follows.

Table 3.8.1 Activity Result of DMA4

[tem

Result of activities

March 13,2019

August 6,2019

Step 1 8.5 L/min 0.0 L/min
Step 2 12.1 L/min 28.9 L/min
Step 3 12.3 L/min 4.6 L/min
Step 4 25.2 L/min 3.4 L/min
Qune (Total Area of DMA4) 59.3 L/min 35.2 L/min
System Input Volume 257.4 m3/day 223.2 m3/day
Revenue Water Volume 197.3 m3/day 202.2 m3/day
NRW 234 % 9.4 %
Number of repaired leakages - 9

Al1-70




Work Plan for the Leakage Control Activities on the Pilot Project

Chapter 4. Evaluation of Pilot Activities (Check)
4.1 Calculation of Cost-Benefit
Calculate the cost-effectiveness when the activity in one DMA is completed.
4.1.1 Total Cost
Total cost consists of the following items.
(1) Personnel costs and machine costs related to DMA construction

For simple calculation, personnel costs and machine costs are calculated based on the
number of flow meters and valves installed in the DMA, using the unit cost for water leak

repair.
(2) Material cost for DMA construction

Cost of materials used for construction of DMA and construction of subzones are included

in the purchase cost.

Table 4.1.1 Material cost for DMA construction

Cyclic Year
Depreciation
Nos. Price (Duration of Cost
Items Specs Period
effect)
a b c d e=(a*b/c)*d
DN50 1 9,850 38 3 778
Valve
DN80 3 49,500 38 3 11,724
Bulk meter DN80 1 44,500 38 3 3,514
BS5834 3 8,487
Surface box 5 21,500 38
/D400
PVC pipe DN110 5 11,225 38 3 4,431
Manhole D600 3 2,329
1 29,500 38
cover
Chamber Concrete 1 142,000 38 3 11,211
Flange 3 6,738
Necessary
adaptor, Bolts 1 85,340 38
fittings
& Nuts
Total 49,212
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(3) Personnel cost related to water leakage measures
Unit cost of personnel by labor category x Working hour by work item

Table 4.1.2 Calculation Format of personnel cost

Personnel Working Hours
Work Item
Category Day time Nighttime

Map upgrading & Site 1 32.0 0.0
inspection 2 0.0 0.0
Step test & MNF 1 0.0 35.0
measurement 2 0.0 60.0

1 25.0 0.0
House to house survey

2 65.5 0.0

1 10.0 8.0
Road surface survey

2 9.0 8.0
Pinpoint identification 1 7.5 0.0
survey 2 10.0 0.0

1 9.5 0.0
Meter accuracy test

2 9.5 0.0
Data summarizing & 1 42.0 0.0
evaluation 2 0 0.0

1 126.0 43.0
Total working hours

2 94.0 68.0

Table 4.1.3 Personnel cost for the leakage reduction activities

Day time Nighttime
Personnel Cost
Category Working Unit Cost Working | Unit Cost (Rs)
hours Rate hours Rate
1 126.0 1,000 | 126,000 43.0 1,500 64,500 190,500
2 94.0 750 | 70,500 68.0 1,125 76,500 147,000
Total 337,500
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(4) Equipment cost for leakage detection
Unit rate of equipment x Using time by activity item

Table 4.1.4 Unit rate of equipment

Unit Rate
Base Price Coefficient
Equipment (Rs)
a b c=a*b
Ultrasonic flow meter 5,300,000 0.0038 20,140
Pressure logger 1,700,000 0.0021 3,570
Acoustic listening stick 59,148 0.0028 166
Water leak detector 463,266 741
Boring bar 45,275 0.0016 543
Hammer drill 23,261 0.0120 44
Electronic test meter 645,000 0.0019 2.451
Generator - - 958

Table 4.1.5 Equipment cost for the leakage reduction activities

Unit rate per Number of Cost
Equipment Unit day units (Rs)
a b c=a*b

Ultrasonic flow meter day 20,140 3 60,420
Pressure logger day 3,570 12 42,840
Acoustic listening stick day 166 10 1,660
Water leak detector day 741 7 5,187
Boring bar day 543 2 1,086
Hammer drill day 44 2 88
Electronic test meter day 2.451 2 4,902
Generator day 958 4,790
Total 120,973
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(5) Cost for leakage repair

It is the procurement cost of the materials used for leakage prevention.

Procurement Cost of Valves and meters for DMA Creation

&

Material Cost for leakage repairing

If it is difficult to add up all material costs, calculate the material costs using the unit cost

for leak repair per location.

[Reference data from Kalutara region)

Number of repair from 2018 to 2019: 446 points

Cost of repair from 2018 to 2019: Rs.11,951,022.75
Unit cost of repair work: Rs.26,797 / point
[In case of 9 points of leakage work]

Estimated cost of repair: Rs.26,797 x 9 points = Rs.241,173
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4.1.2 Effect

The effect is calculated from the value of the amount of water leakage prevented in the

future.

. Total Number of Cyclic Year
Unit Sales Cost X Prevented Amount of Leakage
(Duration of effect)

Calculate the prevented water leakage from the following formula.

Prevented Amount of Leakage

io (9 NRW ratio (%) af
= MR [ ) it - ratio (%) after X Average Inflow into DMA

starting activities termination of activities

Table 4.1.6 Effect of leakage repair

Average Input Volume Average Revenue Water

Status in DMA4 in DMA4 NRW
m3 m3/day m?3 m3/day
Before starting activities
6,962.0 257.5 6,116.0 197.3 23.4%
(March 2019)
After termination of activities
6,472.4 223.2 6,067.0 202.2 9.4%

(August 2019)

[Prevented Amount of Leakage)
(23.4% - 9.4%) x (257.5 m3/day + 223.2 m3/day) / 2 =33.6 m3/day = 12,264 m3/year
[Value of Prevented Water Loss]

Rs.55 x 12,264 m3/year x 3 years = Rs.2,023,560
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(6) Cost/Benefit
Table 4.1.7 Result of calculation of Cost/Benefit
Description Value
Cost 990,031
Personnel, Machinery 241,173
DMA Creation

Materials 49,212
Personnel 337,500
Leakage Detection Machinery 120,973
Materials 0
Leakage Repairing 241173

(Personnel, Machinery, Materials)
Benefit 2,023,560
Benefit / Cost 2.0
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4.2 Setting the target level of leakage management

Water pipes deteriorate over time due to various factors such as deterioration, corrosion,

and traffic load, and this deterioration causes water leakage.

Also, unless the deteriorated pipeline is completely renewed, a new leak will occur soon

after the repair.
This phenomenon is called "Leakage Recurrence"
There are only two methods to reduce the amount of residual water leakage.

» Continue water leakage prevention work at a pace that exceeds the amount of water

leakage recurrence.

* Increase the amount of water leakage prevention work. (Investment of

human resources)

*Improve water leak detection technology. (Training and accumulation of

experience)

* Adopt efficient leak detection and repair technology. (New technology)
» Erasure of restoration itself by renewing dilapidated pipelines

*Use a pipe that does not easily leak water. (Change of material)

*Shorten the length of the pipe to make an efficient piping route. (Improved

efficiency)

* Adopt appropriate piping technology. (New technology)
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It is estimated that the recurrence of water leakage appears in the pattern shown in the

schematic image below.

A

,I
_ Prevented g
A A

Prevente Leakage 1

Lea
g Prevented
(_:; 4[_ Leakage
i v v
(®))
@
®
9 Remaining Leakage Remaining Leakage

A 4
Last but One Last Time Present

»

<
»

<

Cycle Year of Leakage Control

Figure 4.2.1 Image of Leakage Recurrence

Practically, the costs and human resources available to prevent water leakage are limited.
For this reason, it is necessary to set the criteria for determining the allowable amount of
water leakage and pipeline renewal while considering the amount of water that has been

prevented, the amount of residual water, and the cost spent for prevention activities.

To this end, it is necessary to investigate how quickly the reduced water leakage will be

restored, and it is recommended to monitor the water inflow to the DMA and Qmnr monthly.

anf
A
59.3 L/min
O x - -X" v
X T -
\35.2L/min ST x
o ----
< Monthly Monitoring >
Activity Period Cycle Period
Befor starting After termination Restart leakage
activities of activities reduction activities

Figure 4.2.2 Monitoring for Leakage Control
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One way to efficiently carry out this monitoring is to build a remote communication system.

The following is the content to be proposed assuming the situation where Japanese experts

cannot resume their local travels early.
[Work in Japan]

» Procure dataloggers with built-in communication modems, electronic water meters,

etc., and prepare training materials for remote monitoring systems.

» Utilizing the Japanese mobile phone communication network, transmit the pulse
signal of the test meter to the data server and perform the operation test of the

monitoring system using the Web browser.

» If the operation test is successful, purchase the electromagnetic flowmeter to be
installed in DMA3 and DMAS.

» One candidate of Data Server will be the Online Service named “HWM DataGate”

with 1 year-license contracted between HWM and Japanese Experts Team.

» Collect the theory of pulse measurement of flow rate, detailed work required for
system construction, equipment selection, monitoring method and its utilization as

a manual, and share it with the C/P of the Output 2 team.

» The members of Qutput 2 team access the monitoring system constructed in Japan
and understand the monitoring method through the manual and the remote

instruction.
[Work in Sri Lanka)

» Replace the Bulk Flow meter in DMA3 and DMAS with Electromagnetic Flowmeters
(with pulse output).

» In case of monitoring DMA3, the target area to be monitored will be the southern

area whose water is provided by DN250mm pipe.

» In case of replacing Bulk Flow meter at DMA3, the diameter of flow meter shall be
DN200mm as a maximum diameter of manufacturer’s lineup for submersible
electromagnetic flowmeter. Therefore, 2 flange adaptors (DN200) and 2 reducer
(DN250-DN200) will be required for installation work.

» Transport and install the monitoring system equipment from Japan.

» Use the SIM card of the local communication company to set the communication
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modem.

» The monitoring system is operated by the C/P, and daily fluctuations in water

distribution are monitored under the guidance of Japanese experts to understand

the tendency of water leakage recurrence.
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Figure 4.2.3 Remote Monitoring System for Leakage Control
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CLEAN WATER

Multilog 2

Multi-channel Data Logger

Multilog 2 is the highly advanced and versatile
multi-channel data logger designed to monitor
any combination of digital and analogue signals.

Muitilog 2 is ideal for a wide variety of specialised
applications, including monitoring PRV flow and/or
pressure in a district or zone to assess demand,
eakage and conformance

Accurate, powerful and robust, Multilog 2 is an effective
data logging solution.

Key Features and Benefits

* Telemetry: integral SMS/GPRS/3GMNBIOT/LTE-M (Cat-M1)
cellular options

+ Serial input option: for connection to digital meters,
SonicSens level senscr, Modbus, SDI12, RS232,
Badger/Sensus/Neptune serial meter interfaces

* 4 channel logging: 8 or 16 channels availlable on request

* Fast logging: primary logging to | second as standard + Optional outputs: replicate inputs or rigger on alarm,
- 25hz for transient events allows operation of third party sensors, e.g. water samplers
« Alarm: full alarm functionality + Long-term monitoring: 5 year battery life
* Robust: rugged die cast aluminium case
+ True readings: true max and min flow and investigation AR
of pressure spkes After installation, all frmware upgrades and programming
changes are made remotely. As well 3 ensuring that changes
* Pulse interval timing: smooths reading of infrequent are made efficiently, this is also cost-effectve, as it removes
pukes the need for site visits.
+ External antennas: support improved signal strength An innovative feature of Multilog 2 is a secondary channel,
- contact HWM for more information enabling additional fast loggng down to 25Hz.
* Local data download: 10 pin miitary plug connectad to Secondary logging can be triggered on time schedule and/or
laptop or decizop PC in responze to an alarm condition being triggered. This is

2 ; invaluable when mere detailed investigation is required, such as
Fully waterproof: the IPEE rating has been tested at et oy right flow.

10m depth over a 24 hour period
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ax

AUTOMATED
METER READING

DataGate

Remote data management

DataGate is HWM's web hosted data server
that provides a fast, convenient and secure
remote data management solution via the
internet. Information can be received from
all mobile networks via several different
methods induding FTP, VMN and modem.

millson meszages

DataGate currently processes over |
received from HWM telemetry devices
trans Si0N IS possible because data
which is converted to a secure data stream. This eliminates
the problem of sending data as an email whic

blocked by IT firewalls and spam filters. No host modem is

requireg
handling system as al data transfer now takes onfine

Key Features and Benefits

* Manage large data volumes quickly:
Designed to handle large volumes of SMS/GPRS data traffic

* Compatible: Works on al mobile networks

* Fast data transmission: Enables rapid data transmission
Eliminates data blockages:

Caused by IT firewalls and SPAM fikers

No host modem: No modem required to receive data.

* Secure Servers: Data can be archived indefinitely on
Secure servers
Detailed message transmission:
To enable diagnostic investigation if required
Logger alarms: Automatically sent to multiple users to
enable prompt action
* Data accepted from muitiple sources:

FTP, VMIN and modem
* Data can be viewed online:
HWM Onfine or other corporate system
DataGate LS: Option for customers outside the UK to
transmit data to a data server in their own country
Real time data: 99.99% uptime and real tme data back

A magen, et and Seugn umm“h
Hﬂ.

“l‘ﬂ?ﬂlﬂ of lh“‘h-&]wﬂm the

mmmumuqnm iesue 1. Q82077

m in & file format

) is another weak point of a traditional remote

Applications

Data can be viewed in IWurtliufumn

from any internet device using our web viewer
HWM Online or seamiassly integrated into a third party
corporate system.

On receipt of an alarm DetaGate can send automatic
alerts to multiple users to enable action to be taken

prompdy. The system will even store data from loggers
it does not recognise, and then add this information to

i b e oo i
ensure that users only see data from the spedfic

loggers they require.

HWM Water Limited

Ty Coch House

Uantarnam Park Way

Cwmbran Tel:  +44(0) 1633489479
NP44 3AW Fax:  +44(0) 1633877 857
United Kingdom Email. ssles@hwm-water.com
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Chapter 5. Improvement of pilot activities (Action)

To promote water leakage reduction activities more effectively and efficiently, the activities
of the next DMA will be started, reflecting the points to be improved from the evaluation

results of the pilot activities.
5.1 Target of leakage prevention at RSC Western-South

This pilot activity has been conducted for NWSDB Staff to understand the actual state of
water leakage in some DMAs and to acquire the technology to reduce it effectively and

efficiently.

After that, the activity to be carried out by NWSDB is the formulation of a water leakage
prevention plan in the RSC Western-South

Usually, when formulating a water leakage prevention plan, a basic investigation is first
conducted, an analysis of the current situation is conducted, and the water leakage

prevention target is set after a thorough understanding of the actual state of water leakage.

And, it is necessary for the entire organization to work to achieve those goals efficiently and

effectively.

As aresult of the pilot activities, it was revealed that most of the non-revenue water was due
to leakage, so the leakage prevention target in the case of NWSDV may be replaced with the

non-revenue water reduction target value.

Table 5.1.1 Result of calculation of Cost/Benefit

Target value of NRW (%) Future Target

Ree 2016 2017 2018 2019 2020 2025 2030
Western-Central 34.8 34.1 33.5 32.8 321
(Colombo) 45.0 44.0 43.0 42.0 41.0
(Other) 18.0 17.5 17.0 16.5 16.0

Western-South 27.3 26.4 25.5 24.6 23.5 7 7

Western-North 23.5 23.0 22.5 22.0 21.5
South 26.5 26.0 25.5 25.0 24.5
Uva 21.2 20.3 19.4 18.5 17.6
Central 23.0 22.0 21.0 20.0 19.0
Sabaragamuwa 24.6 23.8 23.0 22.2 21.4
Western-North 10.0 10.0 10.0 10.0 10.0
Eastern 15.4 13.3 11.0 10.0 10.0
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Target value of NRW (%) Future Target

RSC 2016 2017 2018 2019 2020 2025 2030
North-Central 16.1 15.2 14.3 134 13.0
North 23.0 21.0 19.0 18.0 17.0
National 27.8 27.3 26.7 26.0 25.3

Source: NWSDB Corporate Plan 2016-2020

5.2 Formulation of water leakage prevention plan
This work is a matter that NWSDB should carry out after the project.

The formulation of the plan is based on the results of the pilot activities, NWSDB's strategic
plan, the target values of other regions, etc. are set, and the target values are set. From the

long-term (10 years) and the medium-term (3 to 5 years) Plan.
5.2.1 Setting of target area

» Basically, all target areas should be selected from the areas served by the
distribution network. Since the target area should be selected based on the trend
analysis of water leakage, the following information is indispensable as the basic

data necessary for selecting this area.
» Historical record of leakage and repair
» Installation year of pipeline
» Material of pipeline

If such information is not sufficiently prepared, it is possible to identify the area where
leakage control should be prioritized using the following data collected in each zone or

water supply area within RSC.
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Table 5.2.1 Example of indicator for selection of target area

Indicator

Description

1. NRW
(%)

This is the NRW rate for each DMA.

When comparing non-revenue water rates (NRW) of different DMAs, due
to differences in the length of the network, the density of the number of
water taps, and the amount of water used per connection, the evaluation
results of the network are different even among sectors with the same

NRW rate.

2. NRW
(L/connection/day)

This is the total amount of non-revenue water converted into the amount
of water per user and per day.

Strictly speaking, since it is calculated by the number of branches from the
water distribution pipe, it is not necessary to consider the total number of
users in the case of apartment houses and condominiums.

This is highly linked to physical loss.

If there is little leakage in the distribution pipe, this indicator can be used

to evaluate the amount of water loss.

3.NWR
(L/km/min)

This is the total amount of non-revenue water is converted into the amount
of water per 1 km of distribution pipe, and it is highly linked to physical
loss as in (2).

If there are more leaks in the distribution pipe than in the service
connection pipe, this indicator can be used to evaluate the amount of water

loss.

4. UARL

Unavoidable Annual Real Losses (UARL) is the amount of water that cannot
be reduced any further, and is a theoretical value calculated using a
formula. However, if cost-effectiveness is ignored, it can be reduced to zero,

but it is difficult in reality. The unit is L/connection/day.

5. NRW/UARL

The indictor based on (4) is the ILI (Infrastructural Leakage Index), which
is known as an index recommended by IWA.

ILI is a value calculated as Current Annual Real Losses (CARL) / UARL, and
if this value is large, it indicates that the problem of water leakage in the
distribution network is prominent and that the degree of deterioration is
progressing.

CARL: Current physical real losses

UARL: Unavoidable Annual Real Losses that cannot be reduced any further.
Since an accurate survey is required to accurately grasp the amount of

water leakage (CARL), here we propose an index in which CARL is replaced
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Indicator Description

with non-revenue water only for the purpose of comparing the degree of

deterioration of distribution networks.

If data on minimum nighttime flow (MNF) is available, “MNF/UARL’ using
6. MNF/URL MNF instead of NRW is effective in determining the degree of pipe network

deterioration.

5.2.2 Determination of DMA construction

This pilot project adopted the method of building DMA to detail the regional distribution of

actual leak occurrences and to find the most efficient and effective measures.

However, in the water distribution network, there are areas where it is difficult to construct

a DMA and areas where leakage can be prevented without constructing a DMA.

Normally large initial investment is required to build DMA, and a huge budget and period
are required to manage all areas with DMA. Therefore, the necessity of DMA must be judged

according to the regional characteristics.

A: With DMAs
Active Leakage Control

B: Without DMAs

Table 5.2.1 Method of Active Leakage Control
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Table 5.2.2 Pros and Cons of each method

Method

Pros

Cons

ALC with DMAs

» By measuring the minimum

nighttime flow rate, the current
state of water distribution can
be grasped in detail.

By using the step test together, it
is possible to identify the area in
the area where leakage is
significant.

The effect of the activity can be

evaluated quantitatively.

» It takes time and money to

procure the materials needed to
build DMA.

Before realizing hydraulic
independence, it is necessary to
simulate water distribution
effects by hydraulic calculation.
With hydraulic independence,
negative impacts such as water
quality deterioration, low water
pressure, and restrictions on
inflow routes may occur.

Even if hydraulic independence
is achieved only at night, the
water supply situation in the
adjacent area will be negatively

affected during the survey

period.

ALC without DMAs

It is possible to prevent
negative repercussions
(environmental impact, various
adjustments, water
interruption, etc.) when
constructing DMA.

It can reduce the cost and

period for DMA construction.

It is difficult to quantitatively
evaluate the results of activities
because the amount of water
leakage cannot be measured.
NRW is the only indicator that
can quantitatively evaluate the

results of activities.
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5.2.3 Annual plan

Generally, the entire water supply area is vast and it is impossible to take measures against

water leakage within one year.

Therefore, it is necessary to plan the leakage control of the water supply area so that one
cycle can be completed within several years, and the size of the target area to be covered in

one year should be considered according to the capacity of the water board.

When one cycle is completed, start the second cycle activity from the first target area.

1 Cvcle of activities

(' N N ([ N

Target Area 1 Target Area 4 Target Area 7
@ > @
Target Area 2 » Target Area 5 ‘ Target Area 8
. ¥ 4
Target Area 3 Target Area 6 Target Area 9

. AN /. J
\ 1st year 2nd. 3rd. year /

Table 5.2.2 Relation between 1 cycle of activities and target areas

The extension of water pipes in the target area is one of the effective indicators for

determining the scale to be covered in one year.

In case of major water utilities in Japan that has over 5,000km length of pipeline, 3 years is

commonly applied for 1 cycle period.
[In case of DMAs method)

One or more DMAs will be selected as the target area for one year, taking into consideration

the extension of the distribution pipe of each DMA.
[In case of Non-DMAs method])

The target area is extracted from the whole area in consideration of topographical features

(river, road, pipeline length).
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5.2.4 Example of annual planning

The pipeline length to be investigated in one year can be determined according to the target

leakage rate (or non-revenue water rate).

However, if the number of personnel engaged in the survey cannot be secured, it can be

decided according to the capacity of the water business utilities.
(1) Calculation of annual survey extension from the number of staff that can be invested
»  Unit of leak detection work
3 persons per 1 unit (1 chief and 2 workers)

Equipment: Acoustic listening stick, Water leak detector, Pipe locator, Metal

detector, Boring bar, Hammer Drill, Vehicle
»  Conditions of the work considered herein
Considered area: RSC Western-South
Number of work unit: 1 unit (1 chief and 2 workers)
Number of working date: 244 days per year
(365days - Saturday and Sundayx52 weeks - Other holidays 17 H)
Working hours: half a day in each day
Average survey extension of pipeline: 0.24km/day

(In accordance with the experience of pilot activities in JICA project)

Annual survey extension of pipeline: 0.24km/dayx244day=58.6km/year
Cyclic period: 3 years
Extension of existing pipeline: 2,852km (data provided by RCS-WS)

Necessary input of manpower: 2,852 /3 /58.6 = 16.2 units

According to above mentioned calculation, if you secure 16 units of manpower, you

will be able to conduct surveys of all regions at the pace of one cycle for three years.
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(2) Calculation of annual survey extension from target leakage rate
» Conditions of the work considered herein

Considered area: RSC Western-South

Extension of existing pipeline: 2,852km (data provided by RCS-WS)

Annual production volume: 71,344,743 m3/year

Leakage recurrence ratio: 15% of leakage volume

Target leakage ratio: The leakage rate in the first year (19.4%) will

be reduced evenly every year, and will

decrease to 15% after 5 years.
In this case, annual reduction rate
=(19.4-15.0)/5 = 0.88%

» Necessary input of manpower

When completing the 2,852km survey in 5 years, it is necessary to input about 10

units because the survey distance is 58.6km per unit per year.
(3) Supplementary notes

The above estimation case is based on the assumption that the water leakage is widely

dispersed in the area and the density of the water leakage is evenly distributed.

However, many leaks concentrate in areas where pipes have deteriorated and where

water pressure is excessive.

For example, areas and routes that have only been in the pipeline for a few years can be
excluded from the first cycle. In addition, the priority of measures will be lowered in areas

where the water supply pressure is relatively low.

Therefore, it is essential to analyze existing data and narrow down the target area for

efficient and effective water leakage reduction.
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Work Plan for the Leakage Control Activities on the Pilot Project

Working Record in DMA4

Annex 3: Personnel Work Record for DMA activities

Work Ftam: DMA Craation, MNF Meazurement, Step Test, Laakags Survey, Mater tast, Data Summarizing

Moming Afterncon Might
Date ltem Name Job Statuz Equipmant
Start End Hours Start End Hours Start End Heurs
_".|ap u:-.dat ne & sit2 Cateforyl B:30 1230 4:00( 1330 173 4:00
inspaction
Map updating & site _
N ) Cateforyl 8:30 12:30 4:00( 13:30 | 17:30 4:00
inspaction
Mag updating & sit= Cateforyl | e30 | 1230 | %00 1330 | wse | 400
inspaction
Mag updating & sit= Cateforyl | e30 | 1230 | %00 1330 | wse | 400
inspaction
15.02.2010| Valvs Installation Catsforyl | 830 | 12:30 | 300 1800 | is:30 | 230 0:00
|Valve Installation Catefory? | %30 | 1230 | 300 1800 | 1s30 | 230 0:00
Valve Installation Catefory2 5:30 1230 3:00| 14:00 | 1530 230 000
Valve Installation Catefory? 930 12:30 3:00| 1400 16:30 2:30 0:00
Valve Installation Catefory2 5:30 1230 3:00| 1400 | 1530 230 000
Valve Installation Catefory? 930 12:30 3:00| 1400 16:30 2:30 0:00
16.02.2019|Valve Installation Cateforyl 8:30 12:30 3:00| 14:00 | 15:30 2:30 000
Valve Installation Catefory? 930 12:30 3:00| 1400 16:30 -30 0:00
Valve Installation Catefory2 8:30 12:30 3:00| 12:00 | 16:30 2:30 000
|Valve Installation Catefory2 | %30 | 12:30 | 500 1800 | 1&30 | 230 0:00
|Valve Installation Catefory? | 30 | 1230 | 00| 1800 | 1s=0 | 230 0:00
Valve Installation Catefory2 8:30 12:30 3:00| 12:00 | 15:30 2:30 000
25.02.2010| Mater Installation Cateforyl 530 12:30 3:00| 1400 16:30 2:30 0:00
Meter Installation Catefory? 8:30 12:30 3:00| 1200 | 16:30 2:30 000
Mater Installation Catefory? 530 12:30 3:00| 1400 16:30 2:30 0:00
Meter Installation Catefory? 8:30 12:30 3:00| 1200 | 16:30 2:30 000
Mater Installation Catefory? 530 12:30 3:00| 1400 16:30 2:30 0:00
Meter Installation Catefory? 8:30 12:30 3:00| 1300 | 1&30 2:30 000
26.02.2018| Chamber Installstion Cateforyl | %30 | 1230 | 300 1800 | 1630 | 230 000
|Chamber Installztion Catefory2 | 830 | 1230 | 300 1800 | 1630 | 230 0:00
Chamber Installation Catefory? 8:30 12:30 3:00| 1200 | 16:30 2:30 000
Chamber Instzllztion Catefory? 930 12:30 3:00| 1400 16:30 2:30 0:00
Chamber Installation Catefory2 8:30 12:30 3:00| 12:00 | 15:30 2:30 000
Chamber Instzllztion Catefory? 930 12:30 3:00| 1400 16:30 2:30 0:00
L13.03.20L0|MNF, Step Test 1| Cateforyl 000 000 4:00 5:00|Ultra-sonic flow meter
WMF, Step Test Z|Cateforyl 000 0:00 4:00 5:00|Preszure logzer
WANF, Step Test 3| CateforyZ 000 0:00 4:00 5:00|Pressure logger
|MINF. Step Test 4| Cateforyz | oo | oo 400]  5:00|Pressure lozser
WANF, Step Test 5| CateforyZ 000 0:00 4:00 5:00|Pressure logger
MNF, Step Test &|Catefory2 0:00 0:00 4:00 5:00
MNF. Step Test 3 0:00 0:00 4:00 5:00
MNF, Step Test 11 0:00 0:00 4:00 5:00
14.03.20109) Data summaraizing 9| Cateforyl 8:30 1230 4:00 13:30 1&:30 3:00 0:00
Data summaraizing 11|Cateforyl S 1230 4:00| 13:30] 1l&30 200 000
14.03.2019)House to House Survey 1|Cateforyl 10:00] 1230 230 14:00| 1630 2:30 0:00|Azoustic bar
House to House Survey 2| Cateforyl 10:00] 1230 2:30) 14:00] Lle20 2:30 0:00|Acoustic bar
|Houss ta House Survey 3|Catefaryz | 1o:00| 1zse| 230 1s00| leso| zao 0:00
House to House Survey A|CateforyZ 10:00] 1230 230 14:00 1630 2:30 0:00
House to House Survey T|CateforyZ 10:00] 1Z30 2:30| 14:00] Lle20 2:30 000
House to House Survey E|CateforyZ 10:00] 1230 230 14:00 1630 2:30 0:00
House to House Survey 5| 10:00] 1Z30 2:30| 14:00] Lle20 2:30 0:00
House to House Survey 11 10:00] 1230 230 14:00 1630 2:30 0:00
15.03.2019|House to House Survey 1| Cateforyl 930 13:00 3:30 0:00 0:00|Azoustic bar
House to House Survey Z|Cateforyl 2:30  13:00; 330 0:00 0:00|Azoustic bar
House to House Survey 3| Catefory? 930 13:00 3:30 0:00 000
|Houze ta House Survey 4|catetaryz g30| 1200 330 | oae 000
House to House Survey T|Catefory2 93 1300 3:30 0:00 000
House to House Survey E|Catefory2 9:30  13:00; 30 0:00 0:00
House to House Survey 9| 93 1300 3:30 0:00 000
House to House Survey 11 9:30  13:00; 30 0:00 0:00
18.03.2019|Meater Accuracy Check 1| Cateforyl 00| 14:00] 17:00 2:00 0:00|Meter test kit
Meter Accuracy Check Z|Cateforyl 10:00] 1230 230 0:00 0:00
Mater Acturacy Check 3| Catefory2 10:00]  1Z30 2:30) 14:00] 17:00 2:00 0:00
Meter Accuracy Check 11 10:00] 1230 230 14:00| 17-00 2:00 0:00
'_9.03.20'_9. Meter Accuracy Check Z|Cateforyl 10:0: 1230. 230 15:00)| 16:30. 1:30 0:00|Meter test kit
Mater Accuracy Check 3| Catefory2 10:00] 1230 2:30| 15:00] 1630 L30 0:00
Meter Accuracy Check 11 10:00] 1230 230 15:00| 1830 30 0:00
26.03.2019|House o House Survey 2| Cateforyl 10:00] 1230 2:30 0:00 0:00|Acoustic bar
House to House Survey 3| CateforyZ 10:00] 1230 230 0:00 0:00|Azoustic bar
House to House Survey 4 Catefory2 10:00] 1Z30 2:30 0:00 0:00
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Work Plan for the Leakage Control Activities on the Pilot Project

Maming Afternoon MNight

Date ltem Name Job Statuz Equipmant
Start End Hours Sart End Hours Sart End Hours

House to House Survey 5| Catefory2 10:00) 1230 2:30 0:00 0:00
Houge to House Survey &|Cateforyl 10:00| 1230 2:30 0:00 0:00
House to House Survey T|Catefary? 10:00| 1230 2:30 0:00 0:00
House to House Survey B|Catefory2 10:00 1230 2:30 0:00 0:00
House to House Survey 10| 10:00| 1230 2:30 000 0:00
House to House Survey 11 10:00| 1230 2:30 000 0:00
House to House Survey  |other 0:00 0:00 0:00
House to House Survey  |other 0:00 0:00 0:00
28.03.2019|House to Hause Survey 1{Cateforyl 9:43( 1230 2:45 0:00 0:00|Acoustic bar
House to House Survey 2| Cateforyl 9:45 1230 2:45 000 0:00|Acoustic bar
House to House Survey 3| Catefory2 9:45 1230 2:45 000 0:00
House to House Survey 4| Catefory2 9:45) 120 2:45 0:00 0:00
House to House Survey 5| Catefory2 9:45) 1230 2:45 0:00 000
House to House Survey &|Catefory2 9:45 1230 2:45 0:00 0:00
House to House Survey T|Catefory2 9:45) 130 2:43 0:00 0:00
Houee to House Survey E|Cateforyl 9:43( 1230 2:45 0:00 0:00
House to House Survey 10| 9:45 1230 2:45 000 0:00
House to House Survey 11 9:45 1230 2:45 000 0:00
01.04.2019|Road survey 1|Cateforyl 10:00) l4:.00 4:00 0:00 0:00|Water leak detector
Raoad survey Z|Cateforyl 10:00) 1300 00 0:00 0:00
Road survey 3| Catefory? 10:00 14:00 4:00 0:00 0:00
Road survey 10| 10:00 14:00 4:00 0:00 0:00
Road survey 11] 10:00 14:00 4:00 0:00 0:00
04.04.2019|Road survey 2| Cateforyl 10:00| 12-00 2:00 000 0:00|Water lezk detector
Road survey 3| Catefory2 10:00 12-00 2:00 0:00 0:00
Road survey 4| Catefory2 10:00) 1200 2:00 0:00 0:00
Road survey 10 10:00) 1Z00 2:00 0:00 0:00
Road survey 11 10:00| 12-00 2:00 0:00 0:00
05.04.2019|Road survey 1|Cateforyl 10:00 11-00 1:00 000 0:00|Water lezk detector
Road survey 3| Catefory? 10:00)  11-00 1:00 0:00 0:00
Road survey 10 10:00) 11:00 L1.00 0:00 0:00
Road survey 11 10:00 11-00 1:00 0:00 0:00
10.04.2019)Identifieation survey 1|Cateforyl 10:00) lZ20 2:30 0:00 0:00|Hammer drill
Identification survey 3| Catefory2 10:00) 1Z30 2:30 000 0:00|Ecring bar
Identification survey 4| Catefary? 10:00| 1230 2:30 000 0:00|Generator
Identification survey 10| 10:00| 1230 2:30 000 0:00 | Acoustic bar
Identification survey 11 10:00) 1230 2:30 0:00 0:00|Water leak detector
12.04.2019)Identification survey 1|Cateforyl 10:30) 1300 2:30 0:00 0:00|Hammer drill
Identification survey 2| Cateforyl 10:30| 13:00 2:30 0:00 0:00|Boring bar
ldentification survey 3| Catefary? 10:30 13-00 2:30 000 0:00|Generator
Identification survey 4| Catefory2 10:30) 1300 2:30 000 0:00|Acoustic bar
Identification survey 10| 10:30 13-00 2:30 000 0:00|Water lezk detector
Identification survey 11 10:30 13:00 2:30 000 0:00
01.05.2019|Road survey 1|Cateforyl 0:00 22:00 0c00 2:00|Water leak detector
Road survey 2|Cateforyl 0:00 22.00 0c00 00
Road survey 3| Cateforyl 0:00 0:00] 22:.00 000 2:00
Road survey 4| Catefary? 0:00 00| 2200 000 200
10.05.2019|Road survey 1|Cateforyl 0:00 22-00| Laili] 2:00|Water lezk detector
Raoad survey Z|Cateforyl 0:00 22.00 0c00 200
Road survey 3| Catefory? 0:00 00| 2200 [raii] 200
Road survey A|Catefory? 0:00 000 22:00 0c00 200
L0.07.2019|MNF, Step Test 1|Cateforyl 0:00 000 2300 400 5:00|Ultra-sonic flow meter
MNF, Step Test 2| Cateforyl 0:00 0:00] 23:.00 4:00 5:00|Pressure logzer
MMF, Step Test 3| Catefary? 0:00 000 23:00) 4:00 5:00|Preszure logger
MINF. Step Test 4| Catefory2 0:00 000 23:00) 4:00 5:00|Pressure logger
MMF, Step Test 5| Catefory2 0:00 000 2300 400 5:00|Pressure logser
MNF, Step Test E|Catefory2 0:00 0:00f 23:.00 4:00 5:00
MNF. Step Test 11] 0:00 0:00| 23:00 4:00 5:00
11.07.2019|Data summaraizing 9| Cateforyl 530 130 4:00 1330 1E30 2:00 0:00
Dzta surmmaraizing 11| Cateforyl 830 1230 4:00) 13:30] 1&30 3:00 0:00
05.08.2019|MNF, Step Test 1|Catefaryl 0:00 000 23:00) 4:00 5:00|Ultra-sonic flow meter
MINF. Step Test 2| Cateforyl 0:00 000 23:00) 4:00 5:00|Pressure logger
MMF, Step Test Mir. Ajith Cateforyl 0:00 000 2300 400 5:00|Pressure logser
MNF, Step Test 3| Catefory2 000 00| 2300 400 5:00|Pressure logser
MMNF, Step Test 4| Catefary? 0:00 000 23:00) 4-00 5:00|Preszure logger
MMNF. Step Test 5| Catefory2 0:00 00| 23:00) 4:00 5:00
MMF, Step Test B|Catefory? 0:00 0:00f 23:.00 4:00 5:00
MMF, Step Test kel 0:00 000 0:00
MINF. Step Test 11 0:00 000 0:00
07.08.2019|Data summaraizing 3| Cateforyl 230 lz=0 4:00 1330 1e=20 2:00 0:00
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Work Plan for the Leakage Control Activities on the Pilot Project

Moming Afternoon Might
ltem Name Job Status Equipmant
Start End Hours Start End Hours Start End Hours

Data summaraizing 11|Cateforyl a3 130 4:00 1330 1&30 200 000
0:00 0:00 0:00

0:00 0:00 0:00

0:00 0:00 0:00

000 000 000

0:00 0:00 0:00

000 0:00 0:00

0:00 0:00 000

0:00 0:00 000

285:30 127:30 126:00

Wiorking Hours

(Category DaytimeNighttime

1 176 43

2 94 BE
JET

Excluding Chamber, Meter, Valve Installztion
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Work Plan for the Leakage Control Activities on the Pilot Project

Annex 4: Format of Leak Repair Record

E.O.E.AM.C. of RSC-WS
_ Mational Water Supply & Drainage Board
DRAFT L.eak Repa" Office | Complaint Ref No. |
Detail Sheet
Officer Name
Awareness date and time | Reported date and time ‘
Reported by ‘ OComplain{Consumer/ Public) [CMeter Reader Cleak Detection  [Others ‘ Recorded by ‘
Complainer's Name &
Address
Attended Date and Time | Completed Date and Time |
Leakage Information
Address
Meter No.
Consumer Account
s Coordinate{GPS Point)
[CService pipe [ Distribution pipe OTransmission pipe
OJoint OJaint (Fl, Coupl) OJeint (FI, Coupl)
O Pipe Body OPipe Body OPipe Body
O Stop Valve OValve (W/O, A, S, B) OValve (W/D, A, S, B)
CFerrule
OMeter
Considerable ODetencration OAgeing OTraffic Load OPoor Construction OLess Clear Cover
== DPoor Material [1Exposed Sunlight  [1Others( )
Pipe Matenal aobl OpPvC  OPE  OOCthers( )
Pipe Dia. | mm| Pipe Depth | m|  Pipe Laid Year | year
Road Surface OAsphalt OTamed OConcrete OILB OShoulder OOCthers ( )
Traffic Density COHeawy COMedium COLight
Leake Repair OYes L[iNo |  Estimated Leak Volume | | m3h
Repair information
Material used
Machinery Used Day | Might Location(Sketch)
1) (Worker (Nos.)
2) |Excavator (Hrs.)
3) (Water Pump (Hrs.)
4) |Compactor (Hrs.)
5) |Power Light (Hrs.)
6)
)
Measurment
BOQ ltem No. Description Unit Lim) | B{m) | D{m) Oty
Comment
Contractor Officer NWSDB Officer
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Active Leakage
Control

PROCEDURE MANUAL

Technical cooperation project for Enhancement of Operational

Efficiency and Asset Management Capacity of Regional Support
Center- Western South of NWSDB in Sri Lanka
by Japan International Cooperation Agency
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Foreword

This manual was developed under the technical cooperation project named “The Project for
Enhancement of Operational Efficiency and Asset Management Capacity of Regional Support
Center-Western South of NWSDB in Sri Lanka “with the assistance of the Japan International

Cooperation Agency (JICA).

RSC-WS and MDTD worked as the main counterparts for the Project. Therefore, this manual refers
to the experiences and lessons at the Project site in RSC-WS. However, these valuable lessons are
applicable everywhere, and this manual aims to generalize the experience and serve for the use of

all NWSDB staff members in the whole country.

For the convenience of all readers, the manual consists of a main body and appendices.

Main body; Description of background, basis, and theory

Appendices

(1) A case study in the pilot site. It will be helpful to know the real procedures and
countermeasures which have been taken at the project site in detail.

(2) Guideline for Cost and Working days Calculation Sheet. One of the project outcomes is a
Cost and Working days Calculation Sheet for Leakage Detection Planning of excel format. You can
use it for the cost estimation of the leakage survey.

(3) Introduction of the remote monitoring system

(4) Mechanism of Ultrasonic flowmeter

(5) Data management

(6) Practical user’s manuals of equipment

(7) Backfilling reinstatement

(8) Theft Prevention Strategy

Furthermore, this manual is a reference material of the practical training of MDTD programmes.

You can learn the real approach to challenge the controlling leakage from experienced persons.

We believe the outcomes of the pilot activities of the project will assist the real active leakage

control in Sri Lanka.
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1 Outline of this manual

This procedure manual has been developed for engineers and officers who are involved in the
maintenance of the distribution network system. Further, this manual is expected to be referred in
the development of an action plan for reducing water leakage and its implementation.

Generally, according to the study conducted in Japan, there are several stages of leakage control
depending on the level of leakage ratio. Furthermore; effective ways of leakage control may vary
with the set target. Major water utilities in Japan have experienced a similar history of leakage
reduction and have overcome it over a period of time. Case of Nagoya City is shown in Figurel.1
and Tablel.1

For this reason, it is important to firstly assess the current situation of leakage levels.

80
70 ..‘Iststase
60 |
3 - s Zndstage, 3rd stage, 4th stage
g Vo -
o 40
;:P 20 5th stage, 6th stage .
g -
—
20
10
Data courtesy of Nagoya City
0
[Xe) o] [t < [Ee) [o] Ly f] Ly <> [Ee) [ Ly f=] [Ee)
I & & & & & & & B & &8 &8 8 3 3
— — — — — — — — — — — [ ] o« o~ ™
Year
Figure 1.1 History of the leakage ratio of the water utility in JAPAN
Table 1.1 Stages of the leakage control depending on the leakage ratio
Approximate Leakage control
Stage ; ;
Leakage ratio Major target Types of measure
1 Larger than 30% | Visible leakage - Just patrolling and repairing.
- Active Leakage Control (Planned leakage
2 o detection work) by sounding equipment
Invisible ] )
targeting all service area.
15% - 30% (unreported) X -
- Active Leakage Control by sounding
leakage . . . -
3 equipment targeting particular high-risk
area. (To improve the work efficiency.)
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- Approximate Leakage control
age . .
Leakage ratio Major target Types of measure
4 - Combination of Active Leakage Control
and planned old pipes’ replacement work.
5 Leakage - Planned old pipes’ replacement work
Less than 15% )
6 prevention - Improvement of pipe material

Source: Nagoya City Waterworks & Sewerage Bureau

Considering the NRW ratio of RSC-WS being around 20% in 2019, and based on the experiences of
the Pilot Activity carried out under The Project for Enhancement of Operational Efficiency and Asset
Management Capacity of Regional Support Center- Western South of NWSDB in Sri Lanka
(hereinafter referred to as “JICA project”), this manual provides the procedure as to how Active
Leakage Control (hereinafter referred to as “ALC”) is carried out. Main contents of this manual are
[Assessment of current situation], [Practice of Active Leakage Control], and [Management of
database].

Note that basic information, such as general theories of leakage control and operating principles of
leak detection equipment, are out of the scope of this manual as existing manuals of NWSDB have
discussed such topics.

Table 1.2  Existing manuals of NWSDB

) Storage location
No. Title & Contents )
in NWSDB
1 | Leak Detection and Repair Procedure
2 | Pipe Material Selection Process
3 | Service Connection Procedure
4 | Water Meter Selection, Standardization & Installation Process Central Library
5 | Meter testing & Calibration Process
6 | Manual on Bench Marking and Monitoring Procedure for NRW
Reduction
7 | Manager’s Manual for Non-Revenue Water Design Manual
Section
Managing Water loss by understanding the reticulation
9 | Non-revenue water Reduction in Colombo city by adoption of Central Library
low cost strategies

In addition, the descriptions as to the usage of equipment, that was utilized in the
above-mentioned Pilot Activity, is appended at the end of this manual. However, this is not
intended to limit brands, or models of the equipment for implementation of leakage control.
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2 Assessment of the current situation

The current situation of leakage level should be grasped first for the effective implementation of
ALC. Based on this information, necessary resources, such as budget, manpower, and equipment

etc., can be allotted /assigned in a proper manner.

The most convenient mode of obtaining such information is to calculate NRW of target area. Of
course, leakage is just one element of NRW, however, leakage volume is considered to occupy
most part of the component of NRW in some cases. In other words, NRW can be used as a key
indicator for ALC. Leakage volume of the particular area in the Pilot Site was nearly equal to NRW.
Therefore, other components of NRW, such as theft water, meter inaccuracy, could be eliminated.
Such observations were made during the Pilot Activity conducted by the JICA Project.

Other Components 1.7%
I

Non-Revenue
Water
23.4%

Revenue Water

76.6%

Real Losses

98.3%

Figure 2.1 NRW components in one area of the Pilot Site under JICA project as of Mar. 2019

On the other hand, theft water, water loss caused by defective meters, water volume used for
washout etc., are still parts that form NRW. (refer to Table 2.1) Therefore, depending on the area,
there are also some cases where leakage volume is relatively small compared to other components.
In these cases, it is important to estimate the percentage of leakage volume that exists in total

NRW.

Taking these things into account, this chapter discusses the methods of estimating leakage volume
in section 2.1 and 2.2. Note: This is a method of mere “estimation” only, as leakage volume cannot

be measured directly.
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Subsequently, the process for collecting leakage records is described in section 2.3, which

contributes towards selecting the target area effectively.

Further, Recurrence of leakage is described in section 2.4.

2.1 Estimating of leakage volume by analysis of water balance
Analyzing water balance is the method of estimating leakage volume. This is done by
deducting the total volume of all components except real loss from total input volume into a

certain target area.

It will be effective way if each volume except real loss can be measured and recorded
accurately. However, in case of several components not being measured, it demands

necessary actions, such as establishing the way of measuring and recording them.

Billed metered consumption, which is one of the components of the water balance, is being

measured monthly, so that the shortest period of analyzing would be one month.

Table 2.1 Components of Water balance

Authorized
a) consumption | Unbilled authorized
Input
volume Non-Rev
Apparent losses SHUE
Water losses Water
Real losses

Source: IWA/AWWA

Definition of items are as follows.
a) Input volume

The volume of water that flows into a target area. Bulk flow meters are required at inlet points
to measure this volume.

b) Metered consumption

The volume of usage by a consumer in a target area. This is the total of billed volume and
unbilled volume.
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¢) Unmetered consumption

The volume for wash out, firefighting, etc. generally. To grasp these volumes, the following

actions are required;
- Survey what kinds of unmetered consumption and unmetered water usage exists.
- To establish the way of estimation of those volume.

In NWSDB, w/o has been executed on regular basis, so that the volume is assumed to have
been accumulated to a certain amount within a certain period of time. One example of
estimating w/o volume consumed is shown below for reference (Source Japan Water Works

Association (2012). The design criteria for water supply facilities);

In case of the situation mentioned in the figure, quantity of the flow can be calculated by the
following based on Bernoulli's equation.

distribution

L
: 2
w/o valve D fQ
w/o pipe W
where;
L 2 Q flow rate (m3/sec)
P = ((e+(e+2(e+15+ 1)2—
g P water head of water main (m)
L length of w/o pipe (m)
4.43
v = VP
/1.6+ v +/1% D diameter of w/o pipe (m)
Ci inlet pressure drop coefficient (no dimension)
=0.5
Therefore; ¢ bend pressure drop coefficient (no dimension)
b =0.04
¢ C valve pressure drop coefficient (no dimension)
T 4.43
= ZDZ X VP v see the table 2.2
, L
Lo+ v+ 15 A friction pressure drop coefficient (no
dimension
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Table 2.2 Pressure drop coefficient figure of valve with valve opening rate

Valve opening rate 1/8 2/8 3/8 4/8 5/8 6/8 8/8

Qv 90.0 | 16.0 55 2.3 1.0 [0385 | 0.0

Table 2.3 Pressure drop coefficient figure of friction with diameters of pipe

Diameter of w/o pipe (mm) | 100 150 200 250 300 400

A 0.045 | 0.040 | 0.036 | 0.031 | 0.027 | 0.024

Table 2.4 Flow rate of w/o valve opening rate = 8/8, L=50m

Unit in m3/min

Dia. (mm)

Water 100 | 150 | 200 | 250 | 300 | 400

pressure

of water main (MPa)
0.05 0.95 2.7 6.1 105| 17.0| 34.8
0.10 1.35 3.9 81| 148 | 24.0| 49.2
0.15 1.65 47| 10.0| 18.1| 29.4| 60.2
0.20 1.90 54| 115 21.2| 34.0| 69.5
0.25 212 6.1 128 | 23.7| 38.0| 77.7
0.30 2.33 6.6 141 | 26.0| 416 | 85.1
0.35 2.52 72| 152 28.1 | 45.0 | 92.0
0.40 2.69 77| 16.3| 30.0| 48.0| 98.3

Source: Japan Water Works Association (2012). The design criteria for water supply facilities

d) Unauthorized consumption

The volume of theft water. This can be estimated by applying a discovery rate of illegal
connections in a similar area, and the average consumption rate of similar consumer. The
table below is the case of the CMC area, which is taken from the database of NWSDB. House
to house survey, which is described in section 3.5.1, will contribute to search and sweep these

illegal connections.
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Table 2.5 lllegal Connections Discovered in the CMC Area Since 2009
AREA 2009 2010 2011 2012 Average
@ Q @ 3 @ 3 |8 Q @ .
25 2| & |25 &l & (g5 2| & |25 2| £ £ o
Svss| & |[Sz=s| & |5gms| & [5sms| & | 88 | 8%
Qo [5) o [5) = O = o W
5gg8g| £ |5g88| £ |[2g82| £ |a%8E| £ | &8 | o8%
275 & [5275| & [5fT5| & [3£75| & | =S |<e:
o6 O o oS O [ oS O o oS O 3] > e
=z o =z o =z o =z o |l
CC-N 4,509 11.24% 3,919 13.17% 7,469 | 6.20% 3,862 8.60% | 19,759 9.80%
CC-E 4,521 11.83% 4,422 13.32% 8,250 | 8.52% 3,984 11.35% | 21,177 | 11.26%
CC-S 617 14.42% 1,140 4.12% 3,455 | 1.24% 1,343 4.91% 6,555 6.18%
CC-w 6,676 5.42% 5,273 7.68% 5,283 | 2.95% 3,965 5.90% | 21,197 5.49%
TOTAL | 16,323 9.15% | 14,754 10.55% | 24,457 | 5.58% | 13,154 8.24% | 68,688 8.38%

Source: NWSDB (2013). NRW ENGINEERING STUDY FOR COLOMBO CITY

e) Meter inaccuracy

The volume of undermeasured consumption or over measured consumption. This can be

estimated by conducting a sampling test using the Meter Test Kit. The number of samples is

determined by statistic theory as below.

Table 2.6 The number of samples (Confidence level 95%, Margin of error 5%)

The number of connections Necessary Samples Rate
500 or less 220 44% or more
800 260 32.5%
1,000 280 28.0%
2,000 325 16.3%
3,000 345 11.5%
5,000 360 7.2%
10,000 370 3.7%
25,000 380 1.5%
50,000 385 0.8%
100,000 or more 385 0.4% or less

f) Leakage: The volume of the leakage, which is calculated by deducting total volume of all

components except the leakage from input volume.
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2.2 Estimating of leakage volume by DMA method

2.2.1 Minimum Night Flow Measurement

Minimum Night Flow (hereinafter referred to as “MNF”) Measurement is the method for
estimating leakage volume of a certain area, by isolating that area hydraulically from
other areas except inlet points of the flow. Bulk flow meters are needed at the inlet

points to measure the flow into the area.

Those areas are called DMA (Districted Metered Area), the flow and the pressure should
be measured at nighttime between midnight to 4 a.m., when water consumption is
expected to be the lowest, generally.

If there are consumers who are using large amount of water at nighttime, such as

factories, shops, their stop valves should be closed before starting measurement.

Larger rider main

D: Water Reservoir or tower
@ : Bulk Flow Meter
DMA 2 X : Closed Valve

Figure 2.2 Conceptual image of DMAs

MNF is the total volume of Night Leak and Legitimate Night Use.

MNF = Night Leak +Legitimate Night Use

It is not easy to determine the general value of Legitimate Night Use, because it depends

on situations of the area, e.g. whether it is a resident area, commercial area or industrial
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area. One of the existing manuals of NWSDB, however, can be referred to assume that
value, for example.

Legitimate Night Use =~ 0.6 liter /hour /person

Source: NWSDB (2013). NON REVENUE WATER ENGINEERING STUDY FOR COLOMBO CITY
VOLUMIE Ill PROCEDURES & MANUALS PART 6 OF 6

Although this calculation is also a mere assumption, Night Leakage can anyhow be
calculated for the first trial. Night leakage is the value at nighttime when the system
pressure is relatively high. Therefore, it shall be converted to Average Leakage by average
pressure. Average Leakage is the Water Losses.

Average Leakage = Night Leak X \/Average Pressure/Night Pressure

Source: Bernoulli’s equation

E [ \ \
= )
:_;‘: r'y Y
= Legitimate Night Use
z MNF %
Bg
Night Leak
v v
012345678 9101112131415161718192021222324
Time in hours

Figure 2.3 Components of MNF

Although it is time consuming and expensive, MNF method can provide the estimate of
leakage volume of entire area if it is divided out by DMAs.

It is sometimes possible to take the leakage ratio, which is obtained from one DMA, as
the leakage ratio of an entire area. This is an effective method in case the density of
leakage by location is considered being uniform, or not so different. (See the figure
below.) However, in case that density of leakage point differs by location in an entire

area, that figure should not be taken as the figure of an entire area. (For example,
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leakage record, difference of laid year of pipes, difference of pipe material by location

can be referred to check if there is a possibility of the density differing substantially or

not.)

Creation of DMA is described in section 3.2.

All Service Area

ﬁMM
[ ]
[ ]

DMAA
[

All Service Area

)
Q)MA3

.
DMAy

(a) Uniform density

. : Leakage location

L]
[ ]
DMA y

(b) Different density

Figure 2.4 Conceptual diagram of density difference of leakage by location

2.2.2 Step Test

Step Test is the method of localizing areas where larger leakage exists inside the DMA by

dividing the DMA into several numbers of smaller areas, which are called “Subzones”. If

input flow of each subzone is interrupted step by step in certain order, flow rate-drop

would be observed. Those each drop can be recognized as the indicators of existing

leakage volume that each subzone has. Same as the MNF measurement, step test shall

be carried out at nighttime between midnight to 4 a.m., when normal water

consumption is expected to be the lowest, generally.
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: Flow
One particular DMA @ oW Ieter

x : Opened valve

x : Closed valve
O: Pressure logger

h 4
A

0

(a) Before the operation of the Step Test

Step 1

¥
I

Water interruption

(b) Step 1 of the Step Test (Input Flow of Subzone 1 is interrupted)
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Step 2

-8

Closed

Another waten
Ilpterruption

(c) Step 2 of the Step Test (Input Flow of Subzone 2 is interrupted)

Step 3

|

Another water
Interruption

(d) Step 3 of the Step Test (Input Flow of Subzone 3 is interrupted)
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Qo

Q1
02

03
04
0

Step 4

Water is interrupted \in this DMA

@ | Closed

(e) Step 4 of the Step Test (Input Flow of this DMA is interrupted)

Q0- Q1 = indicator of Leakage
volume of Subzonel

Q1-Q2 = Indicator of Subzone2
Q2-Q3 = Indicator of
Subzone3

Q3-Q4 = Indicator
lI of Subzone4

- S S

(f) Image of Flow rate change while Step Test

Figure 2.5 Conceptual diagram of flow drop while proceeding with Step Test
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2.3 Collecting leakage records

Collecting and accumulating of leakage information help us analyze the tendency of leakage.
By doing this, certain areas where leakage may exist can be highlighted, and future plans of

ALC can be considered efficiently.

O&M staff should record information regularly while conducting daily activities, such as
leakage detection, leakage repair. Further, RSC staff should manage the recorded information

intensively.
Information that should be recorded is the following;
a) Category: Visible or Invisible
b) Pipe: Material, Diameter, Age, Depth
¢) Circumstance: Road surface, Traffic density, Soil type
d) Leakage: Location, Considerable cause, Leakage volume etc.

Analyzing these records would provide an understanding of which pipes have larger risk of

leakage than other pipes. It also enables us to predict the area , which should be prioritized.

Sample of leakage record sheet is shown in Figure 3.3.

2.4 Recurrence of leakage
Even if leakage is repaired and leakage ratio decreases once, new leakage may occur and
leakage ratio tends to increase again after a certain period. This is because leakage is caused

by cyclic load by traffic, ground subsidence, corrosion, poor workman ship, etc.

This phenomenon is called a “Recurrence of leakage”. Major water utilities in Japan have
experienced it when they reached around 20% of leakage ratio. At a lesser stage of this
leakage ratio, effectiveness of ALC tends to become relatively low. Conversely, the existence

of recurrence volume of leakage gets prominent more.

It is difficult to determine general figure as recurrence volume of leakage; However, some
studies mention that it is 15% to 30% of total NRW.

To break through this situation, a planned pipe replacement work has been carried out in
addition to ALC in Japan.

To do a pipe replacement work efficiently in NWSDB, prioritization of pipes that should be
replaced preferentially could be considered by the idea based on the accumulated leakage

records, mentioned in section 2.3.
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3 Practice of Active Leakage Control

ALC is one of the methods for leakage reduction, which is specifically used to detect unreported
leakage, to repair detected leakage actively in particular target areas.

Amount of leakage tends to increase with time because of cyclic loads by traffic, ground subsidence,
corrosion, poor quality material, poor workman ship, etc. Therefore, this kind of leakage control is
demanded to be carried out in a certain cyclic period continuously. All water utilities should expend

a steady effort to achieve this.

The flow chart of ALC is as below. Each numbering item is being described in each section of same

3.1 Planning .
ALC with DMAs ALC with non-DMAs

v
3.2 Setting DMA

v

3.3 Setting Acceptable
Leakage Ratio (target value)

number.

Achieve the target YES

Leakage rate

NO

3.4 Estimation of leakage volume in DMA

| 3.5 Leakage detection |

3.4.1 Minimum Night Flow (MNF) Measurement

3.4.2 MNF Measurement and Step test

y
l | 3.5 Leakage repair |
Identifying High leakage sub-zone(s)
v

3.5 Leakage detection

3.5.1 House to House servey
3.5.2 Road servey

3.5.3 Identification servey

v

| 3.6 Leakage repair |

!

| 3.4 Estimation of leakage volume in DMA |

Achieve the target
eakage rate

YES |

3.7 Evaluation

Figure 3.1 Flowchart of ALC

A2-19



3.1

Planning of the activity

3.1.1 Setting the target area

Basically, all of target areas should be piped water service areas. Moreover, target areas
also can be selected from all areas with the result of analysis of the leakage tendency,

which can be guessed by past leakage records, pipe age, pipe material, etc.

3.1.2 Selection of Procedure

In implementing the leak reduction plan, candidate areas to be targeted for activities
must be selected and identified. The method of DMA creation is only one of various

methods of leak management.

Construction a DMA is not a cure-all to reduce leakage and is not required in all water
distribution networks. Constructing a DMA, especially in an existing complex water

network, requires considerable effort, materials, and time.

In addition, effective activities cannot be carried out without understanding the
utilization method after constructing the DMA and the procedure for reducing water

leakage.

When applying the DMA method to an existing distribution network, it is of utmost
importance to limit it to areas where NRW and water leakage is significant, or the risk of

water leakage is high.

~

V V V V V V V V V

@

Major Factors to be considered \

when selecting water supply scheme for DMA creation

Non-Revenue Water

Historical record of leakage occurrence and repair

Age of pipe and pipe installation year

Type of pipe (Asbestos Cement, Galvanized Iron, PVC, Polyethylene, Ductile)
Water Supply Pressure

Topographical condition and land use

Variation in nodal elevation

Water demand and number of customers

Water quality

Number of sources that feed water to the area /
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The first factor to be considered is NRW in the area under the jurisdiction of OICs.

It is important to grasp not only the NRW of the entire jurisdiction area but also the NRW in each
zone and divide it into three ranks to identify the areas that require countermeasures. As a result,
there may be cases where it is not desirable to apply the DMA method.

For example, in an area where pipes have been laid for more than 50 years and the amount of
non-revenue water is 40% or more, the pipes should be completely renewed without considering
the application of DMA method.

The following shows the basic flow for considering the application of the DMA method.

In this case, NRW is used as an indicator for selection, but it is also possible to use the number of

annual leakages, annual repairs, or minimum water inflow rate of nighttime instead of NRW.

NRW by OICs
¥ Evaluation Indicator
NRW by Area/Zone
- Total NRW
Prioritizing areds by NRW level « -NRW/km
i - NRW/connection
High level NRW Middle level NRW Low level NRW 1

Enhancement of monitoring
No | Measure to apparent losses

igh frequen

of leakage

- Historical record of leakage

. - Pipe age

- Pipe material

‘ Pipe Replacement |

No - Water pressure level
¥ Y
| Large area ‘ | Small area ‘ Yes h 4 ¥
| Pipe Replacement | | Large area ‘ | Small area ‘
! ] | H
DMA method DMA method DMA method DMA method

with sub-zoning

without sub-zoning

Figure 3.2 Basic flow for considering the application of DMA method

The next table is a summary of Pros and Cons for ALC with DMA and without DMA.
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Table 3.1 Comparison of the methods

Pros Cons
ALC with - It enables grasping of the current | - Time and expenses are required to set
DMAs situation in detail by the MNF DMAs, to procure flowmeters and
measurement in each DMA. valves, to maintain those materials.
- It enables to localize intensive - Hydraulic analysis would be needed

zones where leakage exists by the for simulating influences of DMAs,
Step Test. otherwise creating DMAs might affect

. h istin tem in an r
- It enables the evaluation of the existing system in an adverse

. . manner, such as deterioration of water
effectiveness of the activity.

quality, low pressure that are caused by
increase of one-way pipe or decrease of

inlet points.
ALC without | - No need to take several actions - It is not easy to evaluate the activity
DMAs that are needed to avoid negative because leakage volume cannot be
repercussions when creating realized directly.
DMAs. - Therefore, existing available NRW
- No need to spend time and would be used as a key indicator of the
expenses to create DMAs. activity evaluation.

Pros of DMAs-method mentioned above are attractive for those who are dedicated to
leakage reduction, on the other hand a large amount of time and money are demanded
to divide out all service area into DMAs. Therefore, it might be better to combine both
ways first; application of DMAs-method is only to a certain convenient area for creating
a DMA.

Creating DMA is described in section 3.2.

3.1.3 Annual plan

Generally, the entire service area is too large to be covered within one year; therefore a
particular target area that can be covered in one year should be set. The length of
distribution pipe belonging to target area could be used as an indicator of the size of the
plan. Those target areas should be covered step by step in every year from the first one
to final one. Second cycle should be commenced after completion of the first cycle.
Appropriate cyclic period can be determined in several ways. In case of major water
utility in Japan that has over 5,000km length of pipe, 3 years is common as a cyclic

period.
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a) In case of DMAs method, one DMA or multiple DMAs should be selected as a

target area of one year, taking into consideration the length of each DMA.

b) In case of non-DMAs method, a target area should be cut out from all areas. On
this occasion, taking into consideration geographical features, such as rivers,

roads, and the length of pipe in an area, would be convenient.

As mentioned earlier, a target area also can be selected from all areas and prioritized
with the result of analysis of leakage tendency, which can be guessed by past leakage

records, pipe age, pipe material, etc.

Annual survey length could be set in accordance with the target leakage ratio. However,
it also can be set by possible manpower, if necessary, manpower cannot be allocated
sufficiently.

Examples of calculations are shown as below;

1) Setting annual survey length by a possible manpower

® Unit of leak detection work;

The number of people: 1no. for chief, 2nos. for workers, total 3
The number of people: 3 (1 - chief, 2 — workers)

Equipment: Acoustic bar, Water leak detector (Ground microphone),Pipe
locator(Metal/ Non-metal), Metal detector, Boring bar, Hammer drill, Vehicle,

1no. of each

® Conditions of the work considered herein;
i) Considered area: RSC-Western South
ii) The number of people: One-Unit (Unit is mentioned the above.)

iii) The number of working days : 365 - 52 X2 - 17=244 days (All working
days except weekends and holidays. The number of holidays can be

changed as per the actual situation.)

iv)  Working hours: half a day in each day mentioned above
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v) Average survey length in a day: 0.24 km/day (In accordance with the
experience of Pilot Activity in JICA project)

vi) Annual survey length: 244 days X 0.24 km/day = 58.6 km
vii)  Cyclic period: Three year
viii)  Length of distribution pipe in RSC-WS: 2,852 km

ix) Necessary manpower: 2,852km/ 3years/ 58.6km = 16.2 units

According to the above conditions, annual survey length is guessed as 58.6km per
one Unit. As a result of this, annual survey length can be determined by capable
manpower. (If it is 1 unit, then 58.6 km. Similarly, if it is 2 units, 117.2 km.)

If it is aimed to cover all area in 3 years, 16.2 units are required for it. (1 to 2 units

are required in each OIC of all 13 OICs.)

2) Setting annual survey by the target leakage ratio

See the table 3.2.

® Conditions considered herein
i) Considered area: RSC-Western South
ii) Length of distribution pipe in RSC-WS: 2,852 km
iii) Annual production volume: 71,344,743 m?
iv) Recurrence ratio of leakage: 15%

v) Target leakage ratio: evenly reduced to 15% from 19.6% of current
figure in 5 year (In case of RSC-WS, leakage ratio might be replaced by
NRW ratio because other components of NRW can be eliminated.)
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Table 3.2 Annual survey length depending on target leakage ratio

Annual Plan
Item Equation
1st year 2nd year 3rd year 4th year 5th year

Initial Leakage Ratio of the year % 19.40 18.52 17.64 16.76 15.88
Target Leakage Ratio after the Activity % 18.52 17.64 16.76 15.88 15.00
Approximate Survey Length km I/n 570 577 585 593 603
Length of Distribution km 2,852
Production Volume m3/year 71,344,743
Initial leakage volume m3/year (a/100) *e 13,926,494 | 13,281,537 | 12,636,581 | 11,991,624 | 11,346,668
Initial Leakage Density m3/hour/km | f/d/365/24 0.56 0.53 0.51 0.48 0.45
Recurrence Ratio of Leakage % 15.00
Increasable Leakage Volume in 1 year m3/year f*h/100 2,088,974 1,992,231 1,895,487 1,798,744 1,702,000
Target leakage volume m3/year (b/100) *d 13,281,537 | 12,636,581 | 11,991,624 | 11,346,668 | 10,701,711
Target Reduction Volume of Leakage m3/year f+i-j 2,733,931 2,637,187 2,540,444 2,443,700 2,346,957
Target Reduction Volume of Leakage (Unit Conversion) m3/hour k/365/24 312.1 301.0 290.0 279.0 267.9
Target Leakage Density m3/hour/km | j/d/365/24 0.53 0.51 0.48 0.45 0.43
Average Leakage Density of Initial and Target m3/hour/km | (g+m)/2 0.54 0.52 0.49 0.47 0.44

+ Japan Water Research Center (2013). Leakage Prevention Manual
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According to the above table, annual survey length can be automatically calculated

when Initial Leakage Ratio and Target Leakage Ratio of each year is set.

Points of the table above

¢ The period of the plan is assumed to be 5 years.

+ 19.40 % is being put as an initial leakage ratio of 1% year. (This is the figure
of end December of RWC-WS. (source: NWSDB (2018). KEY
PERFORMANCE INDICATORS AS AT END DECEMBER 2018) This figure

should be replaced based on the actual situation.
* 15.00 % is being put herein as final target leakage ratio after 5" year.

¢ Each target leakage ratio from 1%t year to 4™ year is being calculated that it

would be decreased equally every year.

+ The period of the plan and final target leakage ratio should be set by
particular responsible section after discussions. It is also better to be

linked to the Corporate Plan of NWSDB generally.

* Note that recurrence ratio of leakage is being assumed herein as 15%
referring one Japan’s water utility. This assumption would be corrected

with accumulated experiences and case studies in NWSDB.

Considering necessary maximum number of units under this plan, approximately 10
units are required, because 58.6 km/year is annual survey length per one unit.
(570~603km/year + 58.6km/unit = 9.8~10.4 units )

Again, note that this calculation is based on the idea that the density of leakage is
equal in each part of the area. Hence if high-density areas or prioritized areas could
be picked up with an analysis or experiences, Annual Survey Length can be

decreased further.
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Generally, features of the area where underground leakage tends to exist more than

other areas are the following;

1. A lot of visible leakage
2. Thick road surface
3. Already installed sewerage

4. High water table

In other words, from No.2 to No.4 suggest that leakage hardly appears above ground.

This might help consider to select a certain area for the leakage detection.

3.1.4 Preparation of map and record sheet
It is important to understand the current pipe layout properly for the activity. A mapping
system is useful for this objective; information shall be updated, shared with staff in the

organization regularly.

a) Map of pipe network

Following table shows the examples of the use in accordance with each scale of
maps. All these are recommended to be shared with not only the officers of RSC but
also O&M for the daily activity. Furthermore, a mapping system should be available

in every O&M office, not only RSC office.)

Table 3.3 Use of map with scales

Scale

Description item

Use

1/10,000 -1/50,000

Treatment plant, Reservoir,
Tower, Transmission network

Understanding of geographic
feature, transmission system

1/2,500 — 1/5,000

Roads, Railroads, Distribution
pipe network with diameter
and material

For describing target areas for
ALC
Leakage map

1/500 — 1/1,000

Location of pipe, depth, etc.

Leakage detection work

b) Record sheet of leakage

To help analyze the tendency of leakage, leakage information should be recorded,

accumulated, and shared with all staff that is in charge of leakage reduction work.

As mentioned before, information that is recorded would be as follows;
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1) Category: Visible or Invisible

2) Pipe: Material, Diameter, Age and Depth

3) Circumstance: Road surface, Traffic density, Soil type

4) Leakage: Location, Considerable cause, Leakage volume etc.

This might provide an idea as to which zones may have leakage intensively.

c) Daily work report

To help calculate the cost that are spent for the activity, several information as

follows should be added to a daily work report.

1) Number of people in each class
2) Working hours and time

3) Contents of the activity

4) Equipment used
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The Project for Enhancement of Operational Efficiency and Asset Management Capacity
of Regional Support Center-Western South of NWSDB in Sri Lanka

Serial Number

National Water Supply & Drainage Board

Leak Repair Office
Detail Sheet oIC | Zone |
Officer
Work day Day |Time |
Attendance day Day
Work reason Complain Meter reader | Leak detection | Other

Compainer's name &
add

Adress

Leakage location Meter No.

Consumer No.

Coordinate
Type of Leak Meter | Connection pipe( Joint , pipe) | Ferrule Distribution pipe
Cause of Leak
Nature of repair Diameter & Material
Leake repair Yes | | No | | Leak volume | M3/h
Material of use
Machinery Used Location(Sketch)

(1)|Power Light (1.5.1)Hrs

(2)|Night work (1.5.2)Hrs

(3)|Water Pump(Dewatering)Hrs

(4)|Others
Measurment
BOQ ltem No. Description Unit | L(m) | B(m) | D(m) Oty
Comment
Contractor Officer Zone Officer NWSDB Officer

Figure 3.3 Sample of leakage record sheet
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The information of leakage record sheet for the practical use seems enough for the site persons.

However, it is recommended to leave a report with photographs. The following photographs show
the practice to report the construction site in Japan. The contractor took photographs stepwise,
such as a full view of the construction site, excavation, connection work, after backfilling, with the
blackboard which mentions the date, type of construction, location, name of the contractor, and

additional information if necessary.

Photographs of construction site (example)

In case of leak repair, at least the process of the following four photographs is recommended to be

taken with the blackboard/ white board indicating the leakage repair information.

Leka repair point before repair
After repair

After backfilling

YV V V VY

After reinstatement
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3.2 Setting DMA  * Only in case of DMAs method

3.2.1 Concept

Creating a DMA (District Metered Area) is the technic of leakage monitoring. This
technic requires the installation of flowmeters at certain points in the distribution
network, each meter recording the flows into a discrete area with a defined and
permanent boundary.

@ : Bulk Flowmeter

Figure 3.4 One of DMAs in JICA project

3.2.2 Purposes

To divide the distribution network into a number of DMAs, so that night flows into
each district can be regularly monitored, enabling the existence of unreported
leakage to be identified and located.

3.2.3 Structure of distribution network system

First of all, before designing DMAs, structure of current distribution network system
shall be checked. Preparing a schematic drawing would help understand the network
system. Simple structure, which is following a simple discipline, is always better for
operating and managing the system. For example, distribution pipes can be divided
into 2 categories, as a principal main and a rider main. Then, a principal main always
shall feed rider mains, where larger rider mains always shall feed smaller rider mains,
basically. Besides, principal main shall not feed smaller rider mains, by-passing larger
rider mains. Additionally, the following factors should be followed ideally;
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- Only rider mains, not a principal main, shall feed service connections.

- Other rider mains on same roads do not front rider mains, therefore old lines
should be banned as soon as possible when new lines are laid.

- Exceptionally, 2 lines of rider main would be laid on both sides of wider road,
which has pavement on both sides, to avoid service connections crossing long
length of the roads.

The factors mentioned above always should be kept in mind when creating the
layout of pipes to maintain a good network system.

3.2.4 Design criteria

Several factors should be taken into account when designing a DMA, as follows;

- Size

- Boundary

- Hydraulic modeling

- The number of flowmeters
- Variation of Ground Level

a) Size

DMA size is usually determined by the number of connections or the length of
distribution pipe within the DMA. In practical situations, smaller DMAs have
several advantages compared to larger DMAs as follows:

- Smaller leaks can be identified against the Legitimate Night Use.
- Survey time can be reduced.
- Survey cost will be reduced

After all, smaller DMA can be maintained in lower level of leakage. If a DMA is
larger than 5000 connections, it becomes difficult to discriminate small bursts
from night flow data, and it takes longer to locate.

Smaller DMAs, on the other hand, will tend to be costly because larger number
of DMA are needed to divide out existing distribution network system, hence
establishing a balance between these features is needed.

In practice, the size of an individual DMA will vary, depending on how boundary
can be created actually. Hydraulic conditions and economic factors, in general,
are the significant keys to determine the size of DMAs.
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b) Boundary

Individual DMA has to be independent from other DMAs hydraulically, so that
the DMA should be disconnected from the network except feeding points.
Physical discontinuity points of the network can be traced as a boundary to
avoid any repercussions to the existing service. For this purpose, the boundary
valves shall be separately identified using separate marker posts. Otherwise, the
closing valve will be needed for making boundary. Normally, it is better to limit
the number of closing valves. Hence, a boundary should be designed to cross as
few mains as possible.

In any cases, influences should be checked whether decrease of water pressure
and increase of travel time of water would be acceptable or not. Testing by
hydraulic modeling is always useful for this matter. Or if possible, it can be
tested by creating the situation in actual site on a trial basis.

As the figure 3.5 is showing, if the current pipe layout is the “arborescent type”,
natural boundary line (discontinuity points) could be found easily, then, such
lines are used as a boundary of the DMAs without any bad repercussions. If it is
the “network type”, valve-closings are needed for creating a DMA. At that time,
note that larger distribution pipes should be involved as a main line of each DMA.
Furthermore valve-closings had better be done in smaller lines to lessen the
repercussions.

c) The number of flow meter

Flow meters must be installed to feeding points (outlet points also, if it cannot
avoid having them). Generally, the lesser number of meters is recommended
from the viewpoints of accuracy of flow measuring and maintenance cost. If a
DMA contains several meters, measuring flows into/out of the district could
result in misleading leakage levels because of compounding errors in flow
calculations. Thus, it is better to limit the number of flow meters. This means
that the number of feeding points should be limited. Negative repercussions
that may be caused by this can be checked by hydraulic modeling, if needed.

d) Hydraulic analysis

As mentioned above, closure of valves and limiting of feeder points will
influence the existing network system. Hydraulic analysis can simulate how the
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creation of DMA will influence the existing network. It must be simulated how
much water pressure will drop, how long travel time of water will extend.
Furthermore, they should be simulated in adverse condition. Then, water
pressure should be simulated in the condition of peak time when many people
use water service. Travel time should be simulated in the condition of average
time.

e) Ground level variation

Minimum variation in ground level across the DMA is recommended. Furthermore,
it would be better to take into consideration High/Low pressure problems that
certain areas may have, so that those can be managed by installing booster pumps

or pressure reduce valves into inlet points. (Figure 3.6)

U : Water Reservoir or tower
@ : Bulk Flow Meter
I : Closed Valve

(a) Arborescent type (b) Network type

Figure 3.5 Image of DMAs in accordance with differences of pipe layout type
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BP : Booster Pump
PRV: Pressure Reduce Valve

| DMA2
\

W 4hilly area

Figure 3.6 Image of DMAs by each elevation

OF Y AND ASSETS CAPACITY PROJECT
REGIONAL SUPPORT CENTRE-WESTERN SOUTH, NATIONAL WATER SUPPLY & DRAINAGE BOARD, SRI LANKA

Figure 3.7 Established DMAs under JICA project

3.2.5 Design procedure
a) Collect local knowledge, available database about a network system
DMA designer must collect and utilize local knowledge from officers who are
familiar with a network and available database, such as GIS map, as-built

drawing, and contour map, etc. All of those are combined as one pipe network
map. Necessary information is as below;
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+ Pipe-network condition
¢ Pipe-diameter

+ Valve-location

¢ Local reservoir-location
+ Contour

b) Do site survey

Do site survey to check whether accumulated information is correct or not,
especially for the pipe network-condition and valve-location. Pipe-tracing and
valve-locating should be done as necessary. In case that there are any differences
found between accumulated information and actual condition, those should be
corrected on the pipe network map. Operability of valves also should be checked in

this occasion.

\ 5 % C :Endcap 2/
::;'_L B er Y < il T Y Y : Opened valve
\,,/\:- o . .3 "1 Y :Closedvalve
BN\ :
-

T

-

(ii) Grasping pipe network condition and valve location/status

Figure 3.8 Site survey result for one of DMAs in JICA project
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c) Design boundaries and feeder points of the DMA

Design boundaries and feeder points of the DMA on the map with the following

criteria mentioned in the previous section.

Loy
-J'»'/

®160m /-

"~ Valve closure

e s

Note: In this case, discontinuity points are traced as much as possible for
the boundary to avoid bad repercussions. Only one valve-closure is
needed.

Figure 3.9 Boundary of one of DMAs in JICA project

d) Check influences that may be caused by creating the DMA

After the design of the DMA boundaries, trial closure of the boundary valves should
be undertaken to verify their effect. Furthermore, the pressure of the highest point
inside the DMA also should be monitored if it has the ability to cope with even
during peak time. If hydraulic modeling is available, run the modeling to check

whether the conditions of the system after creating the DMA are acceptable or not.

A common problem encountered in the actual situation, is the existence of unknown
connections or partially closed valves. Therefore, site survey should be carried out

to identify problems.
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e) Install necessary valves

Once the check is done, necessary valves should be installed and closed to make

boundaries.
....----_.-‘-a~~
5 A
O3
SO o
L. O
-
- X
A % s(éf :" P
¢ = = vﬁ'

Note: In this case, boundary valves are not needed

Figure 3.10 Valve Installation

f) Install necessary flow meters into feeder points

— '-_-_as

V' 2 ~-‘--.~‘~s
» 0 =
TN o OO~
O
R
¢ O Lo\ \
A o \
‘\ !/ _ 2 O‘D 5] : 0 0R '\‘ oo@ 2 :
\ - @ %% %' W =
T ) 0 w g0 G} - a e H
i\ fi © Jedo X oF 1
A\ ‘ = 1] a% ) N T 0 L
1 2 A ) Al }
,"‘ o - A U -
v\'\‘ ‘____:‘_,‘\, \’—_‘ Installed bulk flowmeter l, -
\ -t N :
A\ P A VO
M= [0 1§ 5. S

Figure 3.11Flowmeter Installation

See the section 3.2.7 for the detail of meter selection and installation.
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g) Check boundary and carry out drop test

Once necessary valves and meters have been installed, valves should be operated to
establish the DMA, and then drop test should be carried out. This involves closing
the supply to the DMA and checking that the pressure drops towards zero. All
boundary and divisional valves should be sounded to check whether the valves are

tight. If faulty valves are found these should be rectified and the drop test repeated.

@: Bulk Flowmeter

x : Closed valve

Figure 3.12 Drop test

3.2.6 Setting subzones for Step Test

Step Test is to localize particular zones where larger leakage exists inside the DMA. If
Step Test is planned, the DMA should be divided into several numbers of subzones by
divisional valves. If needed, new valves could be installed for the test. Hence, this matter

should be taken into account in the design stage of DMA.

@: Bulk Flowmeter
Y : Stepvalve
— : Subzone boundary

 Sub zone3

Subzdnez
Subzonel 7

Figure 3.13 Example of subzones

C”

The area of each subzone should not be too large, should not be too partial. It is

recommended that the length of distribution pipe should be under 10km at most.

The procedure of Step Test is described in the section of 3.4.2.
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3.2.7 Meter selection and installation

a) Bulk meter selection for monitoring NRW

For selecting a bulk meter, size of meter, flow range and head loss should be taken
into account. The flow range can be predicted by a hydraulic model if it is available.

If not, it can be estimated from information as below;

-The number of connections

-Average consumption per connection

-Exceptional use of over 500 liter per hour (for maximum flow, if it exists.)

-MNF (for minimum flow, it can be measured by ultrasonic/electric-magnetic
meter that can be applied temporarily. See the section 2.2.1 for MNF

measuring.)

For the correct measurement of flow rate, the full flow condition should be

maintained.

The manual named “Leakage management and control”, which was compiled by
World Health Organization in 2001, can be referred to for both flow range and head

loss of a bulk meter. The following tables are given by it.

Table 3.4 Meter size and flow range (in case of KENT Helix 4000 meters)

Meter size(mm) 80 100 150 200

Maximum flow (m3/h) 200 250 600 1000
Recommended

120 180 450 700

continuous flow (m3/h)

Minimum flow (m3/h) 0.5 0.6 2 4

Table 3.5 Meter size and the number of connections

No. of connections Meter size(mm)
Less than 1000 80
1000 to 1500 100
More than 1500 150
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Table 3.6 Meter size and head loss

(a) 80mm Dia.

Meter head loss (m)

Expected Expected
No. of Headless
i peak flow peak flow 80 mm Total head K value
connections ) across
(liters/sec) (m?3/h) meter . loss
fittings
500 7.23 26.04 0.10 0.61 0.71 5.74
1000 14.47 52.08 0.04 2.43 2.47 5.74
1500 21.70 78.13 1.00 5.46 6.46 5.74
2000 28.94 104.17 1.50 9.70 11.20 5.74
2500 36.17 130.21 2.20 15.16 17.36 5.74
3000 43.40 156.25 3.80 21.83 25.63 5.74
(b) 200mm Dia.
Meter head loss (m)
Expected Expected
No. of Headless
i peak flow peak flow 100 mm Total head K value
connections ) across
(liters/sec) (m3/nh) meter . loss
fittings
500 7.23 26.04 0.10 0.61 0.71 5.74
1000 14.47 52.08 0.04 2.43 2.47 5.74
1500 21.70 78.13 1.00 5.46 6.46 5.74
2000 28.94 104.17 1.50 9.70 11.20 5.74
2500 36.17 130.21 2.20 15.16 17.36 5.74
3000 43.40 156.25 3.80 21.83 25.63 5.74
(c) 150mm Dia.
Meter head loss (m)
Expected Expected
No. of Headless
i peak flow peak flow 80 mm Total head | Kvalue
connections , across
(liters/sec) (m3/h) meter n loss
fittings
500 7.23 26.04 0.00 0.05 0.05 5.74
1000 14.47 52.08 0.00 0.20 0.20 5.74
1500 21.70 78.13 0.00 0.44 0.44 5.74
2000 28.94 104.17 0.10 0.79 0.89 5.74
2500 36.17 130.21 0.20 1.23 1.43 5.74
3000 43.40 156.25 0.26 1.77 2.03 5.74
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b) Ultrasonic/Electro-magnetic meter selection for MNF measurement and step test

Ultrasonic/Electro-magnetic meter, mostly, have enough repeatability for MNF
measurement and step test. These meters would be set temporarily for the specific
purposes, such as MNF measurement and step test. An ultrasonic type needs only a
certain length of pipe for setting to outside of a pipe. An electro-magnetic type, if it
is insertion type, needs a certain tapping point that the meter can be set to. e.g.

ferrule

A chamber would be fixed for these meters. Location of these meters can be either
upstream of bulk flow meter or downstream of it. However, it should be upstream
of first branch or first connection. Furthermore, necessary length of straight pipe

shall be taken into account at the installation.

Table 3.7 Necessary straight pipe length
[D: Pipe diameter]

. Insertion type electro-
i Ultra-sonic flow meter i
Section magnetic flowmeter
Upstream Downstream Upstream Downstream

90°bend 10D 5D 25D

T bend 50D 10D 25D No need to
Expanding 30D 5D - consider
Contracting 10D 5D -

Note;

* Above information of ultra-sonic flow meter refers to JEMIS032-1987(Standards of

Japan Electric Measuring Instruments Manufacturers’ Association).

+ Above information of electro-magnetic flow meter refers to
UNI10727_1998(Italian Organization for Standardization)

* Above values of the electro-magnetic flow meter are valid for a measurement on
the axis of the pipe (Means that censor should be set on the center of the pipe.).

c) Installation

A flow meter should be installed to the inlet point. The space for an ultrasonic flow

meter or an electro-magnetic flow meter should be also prepared at this occasion.
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Chamber for an ultra sonic
/an electro magnetic meter

Chamber for a bulk meter

L2

Figure 3.14 Installation of a bulk meter and valves

Further, a bypass line and a wash-out, sometimes, would be advised to be installed
around the meter. The site survey should be used to investigate the best site for
excavations, using verges in preference to footpaths, and bearing in mind that the
area of excavations necessary is considerable. The main advantage of a bypass
installation is that the meter can be easily isolated for maintenance without
disrupting the supplies. Wash-out is for removing retained water when changing

flow line between the main and the bypass.

Flow
Bypass line o v
A A
Py, O Wash Out 772722070 P ——
WO 3 2
Flow

Figure 3.15 Bypass line around a bulk meter

In areas with a history of dirty water problems, it may be necessary to include a
strainer in the installation of a bulk meter. An example is provided in the figure

below.
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\ W5

\&

S_I_©
| -
o T o
Nomiral DN 40 50 65 80 100 | 125
L 50 65 80 100
D 84 99 118 | 132 | 150 | 184
Dimension c 40 50 65 80 100 | 125
K 110 | 125 | 145 | 160 | 180 | 210
dxn Toxa 19x8
Weight Kg 25 | 8 | 38 5.2 6.6 9.8
Filter Thickness 1 1.5
(mm)
o T =
pomiral DN 150 | 200 | 250 | 300 | 350 400
L 125 | 150 | 200 | 250 | 300 350
b 208 | 266 | 319 | 370 | 429 | 481
Dimension c 150 200 250 300 350 400
K 240 | 295 | 3556 | 410 | 470 525
dxn | 23x8 | 23x12 5812 28x16 | 31x16
Weight Kg 147 | 235 | 386 | 566 | 822 | 1064
Filter Thickness 1.5 2
(mm)

Figure 3.16 Example of a strainer (For reference)
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d) Remote monitoring

Considering the introduction of remote monitoring, it is recommended the use of
Electromagnetic flowmeter. Mechanical type water meter (Waltman type) has an
advantage in the initial cost, and it does not need the power supply. However, if you
think to introduce the remote monitoring system and put the sensing system on the
mechanical flowmeter, the benefit in the cost will be canceled.

Electromagnetic flowmeter uses the theory of Faraday's Law of Electromagnetic
Induction, so that it needs power supply but does not need mechanical part which
generates head loss.

Appendix 3 explains how to introduce the remote monitoring system in DMA, that
carried out in the pilot study of the project. The Electromagnetic flowmeter with
pulse signal output was installed with pressure sensors and logger. Components of

the system is shown in Figure 3.17.

It is recommended that the pressure also measured at the same time.

HWM Multilog 2 3G Network —
Flowmeter with pulser Communication t&; m Internet
N -

HWM DataGate
(Cloud Server)

Pressure taking
poitt—————

Web Browser
(Access to HWM Online)

Aichitokei Denki

SU meter

Figure 3.17 Simple remote monitoring system with the Electromagnetic Flowmeter with Pulser
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3.3 Setting Acceptable Leakage Rate ~ * Only in case of DMAs
method

Acceptable Leakage Rate is the figure of indication to check whether the activity should be

carried out or not in a target area.

A particular value of the Acceptable Leakage Rate cannot be defined in general, it depends on

the situation. However, the example that is set by a target leakage ratio is shown as below;

® Condition of the calculation - In case of considering whole area of RSC-WS
1) Target Leakage Ratio: 15%
2) Input Volume of Target Area: 71,344,743 m3/year — 8144.38 m3/hour
3) Distribution Pipe Length of Target Area: 2,852km
4) Cyclic Period of the Activity : 3 year

5) Recurrence Leakage Ratio: 15%

Acceptable Leakage Rate
= Target Leakage Ratio X [nputvolume
+ (1 + Recurrence Leakage Ratio)¢Yclic Period

-+ Distribution Pipe Length

=0.15 x 88,144.38 m3/hour + (1 + 0.15)3 + 2,857 km

=3.04 m3/hour/km

This equation means;

If the leakage volume per unit length of a particular target area is less than Acceptable
Leakage Rate, it means that leakage volume is not going to grow beyond the target ratio
during the period of the Cyclic Year. Therefore, the activity of that target area can be
skipped.
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The result of the Step Test and the comparison of Acceptable Leakage Rate are shown in

section 3.4.2.

| Target Amount

T | Acceptable Amount

Passed Years after the Activity

Figure 3.18 Target Leakage Amount and Acceptable Leakage Rate

(In case that Cyclic Period is 3 year)

3.4 Estimating of leakage volume ina DMA  * Only in case of DMAs
method

This could be done by MNF measurement or step test.

3.4.1 MNF measurement

a) Purpose

To guess the amount of existing leakage volume

b) Preparation

1) Necessary equipment: Ultrasonic/Insertion type flowmeter, Pressure loggers,

Valve key, mobile phone

2) Number of people: 1 for chief of the activity, 2 for workers (It depends.)

c¢) Procedure of MNF measurement

Measurement period should include the period from 12 midnight to 4 a.m. because
the least consumption might appear in that period normally. If major consumers are
being identified, it is best to close their stop valves beforehand. (Or measure those

consumptions separately.)
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Table 3.8 Sample procedure of MNF measurement

Before 12 midnight | 1) Set the lighting facilities. (If needed.)

2) Set the ultra-sonic/electromagnetic flow meter to the inlet

l .
point.
3) Set the pressure logger to particular point inside the DMA.
(Highest point is the best to check whether the pressure
reduces or not properly.)
After 4:00 a.m. 4) Remove the flow meter and the pressure logger.

5) Remove the lighting facilities.

T
e S @: Flow meter
—— —

- \ () : Pressure logger

1),2),4),5)

&

mw

\.

Figure 3.19 Procedure of the MNF measurement

d) After the activity
- Take out recorded data from the flow meter and the pressure logger
- Take a minimum flow rate, which is recorded as the figure of MNF
- Estimate the leakage volume by MNF

- Calculate Acceptable Leakage Rate with the latest average flow rate recorded

by installed bulk flow meter and the Target Leakage Ratio set

- Make a decision as to whether the activity is needed or not by comparison of

above-mentioned leakage volume and Acceptable Leakage Volume

- Start the leakage survey if needed
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Figure 3.20 Setting an Ultra-Sonic Flowmeter

3.4.2 MNF measurement and Step Test

a) Purpose
- To guess the amount of existing leakage volume by MNF measurement.

- To localize particular zones where larger leakage exists by Step Test

b) Preparation

1) Necessary equipment: generator, light facility, ultrasonic/insertion type

flowmeter, pressure loggers, valve key, hand torches, mobile phone

2) Number of people: 1 chief of the activity, 3 workers (It depends on the area)

¢) Procedure of MNF measurement and Step Test (In case of the DMA that has 4

Subzones)

The table below shows the case under JICA project.
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Table 3.9 Sample procedure of MNF measurement and Step Test

12:30 p.m. 1) Set lighting facilities.

2) Set the ultra-sonic/electromagnetic flow meter to the inlet

| point.

3) Set the pressure loggers to the particular points in each
subzone. (The highest point in each subzone are the best to
check the pressure reduction after each step)

4) Check the operability of all step valves, and being fully opened.

1:30 a.m. 5) Close the step valve 1 and record the time of the operation.
1:45 a.m. 6) Close the step valve 2 and record the time of the operation.
2:00 a.m. 7) Close the step valve 3 and record the time of the operation.
2:15a.m. 8) Close the step valve 4 and record the time of the operation.
2:30 a.m. 9) Open the step valves in reverse order.
10) Remove the ultra-sonic flow meter and pressure loggers.
11) Remove lighting facilities.

@: Flow meter
."‘\ X : Step valve

() : Pressure logger

= 4),7),9) \\.

é)'S).g) [_ F .

{14 3),10)

“ ! ] :
| { Sub zone3
\

) Sub zd_nez ' Sub zoned

- Sub zonel
1),2),10),11) e |4 =

Figure 3.21 Procedure of the Step Test

4),6),9) .

d) After the activity
1) Take out the recorded data from the flow meter and the pressure loggers

2) Take a minimum flow rate, which is recorded before the first step as the
figure of MNF

3) Similarly, take minimum flow rates, which are recorded between each step

as flow rates in each step
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4) Calculate the Average Drops in each step, using minimum flow rates of each

step
5) Estimate the leakage volume of whole DMA from MNF

6) Similarly, estimate the leakage volume of each subzone from each Average

Drop

7) Calculate Acceptable Leakage Rate with the latest average flow rate

recorded by installed bulk flow meter and the Target Leakage Ratio set

8) Make a decision as to whether the activity is required or not by comparison

of the above-mentioned leakage volume and Acceptable Leakage Volume
9) Localize particular zones where larger leakage exists by each Average Drop

10) Start the leakage survey under the decision

I\/Iap of DMA 4 : Flow meter

: Opened valve

: Closed valve
() : Pressure logger

(a) Before the operation

Step 1 1:10a.m. 13/03/2019 @r Flow meter

: Opened valve

: Closed valve

") : Pressure logger

(b) Step 1
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x : Opened valve
x : Closed valve
q O : Pressure logger

SteQZ 1:20a.m. \ @:Flowmeter

@: Flow meter

x : Opened valve
x : Closed valve
() : Pressure logger

(d) Step 3

@: Flow meter

x : Opened valve
x : Closed valve
() : Pressure logger

Step 4 1:40a.m. ..

(e) Step 4
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Input Flow Rate of Step Testin DMA 4 13" Mar. 2019

MNF Step Test in DMA4
i 59.33 liter/min I
1oy I |
= ¥ Drop after stepl [l hi Ir“ ll'
% 80 o L [ 8.54 liter/min ] [ !'ir'"'.| | N‘f)\'kr;;
o= 710 | M) il ‘W | ] lrl f‘l"_ .'ﬁﬂ
u':J 60 H W W' II'“III .“F"_:' T i | ﬁ"f'(*f‘ﬁ"
*j 50 ; :'-!W s EJrr_-:nm'terstr:pd 'I l'_'ll
'-;: 40 : «‘M 25.22 liter/min i
o 4 Drop after step2
= 12.09 liter/min
o 20
i o Drop after step3
10 12.30 liter/min
—Flow rate —Step0 —Stepl —Step2 —Step3 —Stepd
(f) Time series data of the input flow rate while the Step Test
Figure 3.22 Result of the Step Test in the DMA under JICA project
Table 3.10 Summary of the result of the Step Test
Sub Zone 1 2 3 4
ltem Equation Unit
a| MNF From the MNF litre/min 59.33
Average Drop litre/min 8.54 | 12.09 | 12.30 | 25.22
b | Average Drop [Unit From the Step
ge ~rop Test m3/hour 051 | 073| 074 151
conversion]
. Counted while
c | Connections ! ..WI nos. 47 107 89 85
the activity
d | Persons =c"4.8 nos. 225.6 | 513.6 | 427.2 | 408.0
=d*0.0006
Legitimate Night
el 9 g [Refer to m3/hour 014 | 031| 026| 024
Use .
section 2.2.1]
f | Night Leak =b-e m3/hour 0.37 | 042 0.48 1.27
Water Losses [Refer to
. m3/hour 0.33 0.37 0.43 1.39
9 [Average Leak] section 2.2.1]
L h of houl
h| engthof Should be km 13| 13| 12| o8
distribution pipe from Mapping
Water Losses per
i . P =g/h m®/ hour/km 0.25| 0.28 | 0.36 1.74
Unit Length

Herein calculation of Acceptable Leakage Rate and considered conditions for it

are as follows;
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Conditions:

+ Average Input Volume: 257.5 m3/day — 10.73 m3/hour (From one month
data of Mar. 2019)

¢ Pipe Length: 4.6 km (From GIS map)

* Target Leakage Ratio: 15 % (Assumed figure)

* Recurrence Leakage Ratio: 15% (Assumed figure)

* Cyclic Year: 3 year (Assumed figure)

Acceptable Leakage Rate

= Target Leakage Ratio X [nputvolume
+ (1 + Recurrence Leakage Ratio)¢Yclic Period
-+ Pipe Length
=0.15 x 10.73 m3/hour <+ (1 + 0.15)3 + 4.6 km
= 0.23 m3/hour/km

As shown in the above table, there are no subzones where “Water Losses per Unit
Length” is less than Acceptable Leakage Ratio. Therefore, leak survey should be
carried out in all subzones.

3.5 Leakage detection

Leakage detection is carried out by sounding equipment mainly in the following manner.

3.5.1 House to house survey

¥

3.5.2 Road survey

v

3.5.3 Identification survey

3.5.1 House to house survey

a) Purpose

House to house survey is carried out to identify leakage sound from exposed parts
of pipes, service pipes in particular, using an acoustic bar.

b) Preparation

- Pipe network map of target area
- Acoustic bar
- Marking spray

- Operator, Recorder
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c) Procedure

1)

Visit each house to check whether
leakage sound exists or not with

acoustic bar.

2)

Before sounding, confirm that the
consumer is not using water or
water tank is not being filled. If
necessary, stop valve should be
closed.

3)

In case that leakage sound may
exist, try to guess the leakage
location or the distance from the
sounding point by the sound

volume.

Mark nearby ground by a spray so
that it can be identified later,
when conducting the identification

survey. (described in section 3.5.3)

If no leak sound exists, move to

next.

4)

Record/Write down the location and other necessary information on the map.

(See the figure below. )
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Figure 3.23 Example of Survey Map

Note that there are several features of acoustic bar as follows;

Table 3.11 Particular features of acoustic bar

Propagation of sound Long Short
Pressure High Low

Leak volume Large Small
Pipe Diameter Small Large

Pipe Material Metal Plastic
Soil Density High Low

Table 3.12 Sample of audible distance in case of 3 bar - pressure

Propagation of sound

Distance (m)

Dia. of Leak Hole

(mm)
Lead (1/2”) 43 - 58
2-3
PVC (1/27) 29 - 32
Iron with socket joint (100mm) 14 - 26 2-10
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d) Tips for the use of acoustic bar

- Should not grab the metal part. Should support the rubber part of ear pad

when used.

- Should not press your ear to the ear pad strongly. Maintain a slight gap

between your ear and the ear pad.
- Flick the stick with your nail to check better position for the listening.

- Checking water flow sounds at an actual site by turning on a particular tap on

a trial basis is recommended. Training at the training yard is also useful.

- Don’t take more than 10 seconds for the listening. Quick listening, quick

judgement is better. (Only pick up clearer sounds.)

- Leak sound tends to be constant in points of pitch and volume. If it is not, it
might not be a leak. Sounds of ACs, fans are the most things that are likely to
be misidentified.

e) Searching defective meters and illegal connections

On the occasion of the survey, the followings should be checked.

Whether;
- meter locates appropriately
- meter is working properly

- there is no illegal connection (meter bypass, reconnecting of disconnected

consumer)

If any of the above are identified to be problematic or abnormal, it should be

reported to a responsible officer, and corrected.

Note that possible measures to reduce theft of water is described in the document
of NWSDB, which is NRW ENGINEERING STUDY FOR COLOMBO CITY. (see Appendix
7)
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3.5.2 Road survey

a) Purpose

A road survey is conducted to identify leakage sounds coming from buried parts of

pipes, which would be mainly distribution pipes, using a Water Leak Detector

(ground microphone).

b) Preparation

- Pipe network Map of target area

- Water leak detector

- Marking spray

- Plastic hammer or Pipe detector (for Meatal or Non-metal)

- Operator, Recorder

c¢) Procedure

1)

Walk on the road along the top
of the pipe line. Then try to
identify the existence of leak
sounds by putting the
microphone on the line in every

few meters.

Ao
ik TS

2)

In case that a location of pipes is not clear, pipe tracing by a pipe detector is
needed beforehand.

3)

Combination of a water leak

detector(a ground microphone)
and a plastic hammer are also g ek
useful for detecting the location :
of the pipe. Watar leak detector
can detect the propagating ’
sounds from the buried it
distribution pipe when tapping =
exposed parts of the service pipe -"'

by a plastic hammer.

4)

Once a leak soundis identified, locate the point where the highest level is.
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5)

Record the point on the map.

6)

Mark the point on the road by a
marking spray. Be careful of wind
direction to avoid damaging
surrounding properties when

using a marking spray.

7)

If highest point cannot be located definitively, the marking point better be
checked by identification survey later. Identification survey is described in the

next section.

d) Tips for the use of Water leak detector

- It requires a certain level of experience to identify differences between leak

sounds and other noises

- Checking those differences at an actual site by turning on a particular tap on

trial is recommended. Training at the training yard also can be useful.

- Leak sound tends to be constant. If there are variations to the sound, such as

the pitch and the volume, then it may not be a leak.

- Conducting a road survey with a Water leak detector is a tedious task. It is

advisable to take a break every 30 minutes.

- Mostly, water leak detector has a function of sounds frequency filter. This
function is aimed at eliminating useless noises. In general, leakage sounds
from plastic pipes tend to have lower frequency, where leakage sounds from
metal pipe tend to have higher frequency. The filter can be set taking into
account those features. However, its sound quality depends on soil, pressure
and depth of pipes as well. For this reason, starting without a filter is

recommended.

- Lines that have fewer connections are recommended to be picked up for road
survey, because h/h survey also covers certain ranges including distribution

pipe if density of connection is high.
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3.5.3 Identification survey

a) Purpose

Identification survey is to confirm the exact location of leakage by boring ground

and inserting an acoustic rod.

b) Preparation

Boring bar, hammer drill, acoustic bar, water leak detector

c¢) Procedure

1) | Visit the points that are marked
by h/h survey or road survey.

2) | Check whether the sound still exists with acoustic bar and water leak detector.
If it does not, then eliminate. If it does, try to point out the location.

3) | If itis difficult to point out, move

to boring method. Confirm the
pipe location and depth by the
applicable pipe locator before
boring.
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3)

Bore by hammer drill and boring bar on the marked point up to top of the
pipe. (Should be careful not to damage the pipe.)

4) | Insert an acoustic bar to the hole
to check the volume of leak
sound.

5) | In case that leak sound is clear or

water appears, it shows the exact
location of the leak. It should be

excavated and repaired.

If it is still not clear, shift the
point slightly, and try again.
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d) Tips for the survey

1) Knocking to service pipe exposed by plastic hammer is sometimes useful for

tracing buried pipe by ground microphone.

Ground microphone Knock by plastic hammer

(]
,

2) For the pipe location and depth, local knowledge should be utilized.
3) Shift slightly from exact top of the pipe when boring. Otherwise, boring can
damage pipe.

4) In case of service connections, leakage commonly comes from ferrule or
joint parts. Therefore, aim to those points for the bore. (Do not actually
shoot)

I IBoring bar

Ferrule

- Joint parts

5) Keep in mind that the following cases are relatively difficult to identify due to
less sound propagation. In some cases, waiting for a certain period till

leakage grows is needed. (A few weeks or months, or beyond)

In case that
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- Flow of leakage is small. (It depends on size of crack, pressure, etc.)

- Thickness of road surface is large.

- Pipe depth is large.

- Leaking point is submerged.

- Leaking point is far from searching point.

- Leakage occurring from the bottom of the pipe towards the underground,
not on the surface.

3.6 Leakage repair

Proper leakage repair is done with proper materials, tools, machines, and procedures.

a) Leakage from lead joint

NWSDB has been taking measures to Cl pipes with lead joints. It’s been replaced to DI
pipes with socket joints. However, once leakage occurs, it should be repaired till it is
replaced. Repair clamp applicable for a lead joint is provided in an existing manual

available in NWSDB. (No.1 in Table 1.2) It is shown as below;

An alternative method to repacking the lead run joints is the use of
specially designed Cl spigot and socket repair clamps. These clamps
compress both the spigot and socket pipe together, with the addition of a
gasket which stops the leak. These reduce the need to redo the lead in
the joint which can be a messy, labour intensive, tricky job not without its

health implications.

Source https://www.cascadeplc.co.uk
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b) Points for Backfilling

Some of the leakages are considerably being caused due to poor quality of backfilling. In
some cases, large stones come in to contact with the uPVC pipe surface, which cause the
pipes to crack due to cyclic loads, eventually resulting in leakage. Based on these
observations, following specifications should be followed more strictly to improve

current situation.
- Use qualified soil

- Carry out adequate soil compaction

Soil material especially used for surrounding pipes, are required to meet certain
standards. Specifically, the maximum particle sizes of soil and particle size distribution
are the matters that should be taken into consideration first. Maximum size shall not be
greater than 25mm, free from any hard objects and stones. Besides, mass percentage of

the particle, which is finer than 75um, shall not be much more than 25%.

Compaction is advisably carried out in every 200mm thickness of backfill layer to avoid
causing any air gaps under the ground. For the same reason, soil should be filled
under/side of the pipe sufficiently. Any heavy compacting equipment should not be used
for the compaction from the bottom of the trench to 300mm above of top of the pipe.
The equipment shown in the figure below is useful for it. Further, beyond 300mm above
the top of the pipe, compactor, such as tampers, rammers are recommendable to be

used for this.

After all, SPECIFICATIONS FOR TRENCH EXCAVATION, BACKFILLING & ROAD
REINSTATEMENT NWSDB should be followed in any cases. Standard drawing of road

reinstatement from it is shown in Appendix7.

To verify the qualities of contractor’s work, NWSDB staff has to visit the sites and
supervise it, when repair work is being carried out. To impose a standard of
photo-submission on contractors will help the staff save time, if manpower is insufficient.
Situations where photos should be taken are as follows (At least, for the work of leakage

repair);
- After the completion of the excavation

- The situation of the leakage occurring
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- After the completion of the repair
- The situation of the backfilling
- Situation of the compacting

- Situation of the road after completion of all work

Figure 3.24 Equipment for compacting soil by hand
¢C) Pipe End

In order to close the open pipe end, use of Pipe Plugs is suggested. It prevents both the

water losing from the opening and entering the contamination.

Figure 3.25 Example of Pipe Plugs
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3.7 Evaluation of the activity
3.7.1 Calculation of the Cost Benefit

Once the activity in one particular target area is finished, it should be evaluated using the
Cost-Benefit Calculation. The calculation would be done by comparison of the total cost

and the benefit, which were spent on/brought by a series of the activity.

Hereupon, the personnel cost, the machinery cost, and the material cost, which are spent

on all the activities, are considered as the “Total Cost”.

On the other hand, the value of prevented economic loss by the activity, which could be
caused by leakage if the activity would not be carried out, is considered as the “Total

Benefit”.

a) Total Cost

® Personnel cost: This cost shall be calculated with unit personnel cost of each
class, such as engineer, officer, and worker, multiplied by working hours of
each activity item. Extra wages of night work etc. should be taken into

account.
@ Activity item in one particular target area

- Map updating, site inspection

- DMA creation (Valves and flow meters installation)

- Leak detection (MNF measurement, Step Test, and other surveys)
- Leak repair

- Others

® Machinery cost: This cost shall be calculated with unit rate of each
machinery or tools multiplied by working hours of each activity item.

@ Machineries, tools

- Acoustic bar

- Water leak detector

- Boring bar

- Hammer drill

- Ultrasonic flow meter/Insertion type flow meter
- Excavator

- Compactor

- Others
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® Material cost: This is the total cost of the materials used for each activity,

including valves and bulk flow meter installed for the creation of the DMA.

Note: The purpose of Cost-Benefit Calculation is to grasp a tendency of the activity
efficiency. Hence, it is required to consider the balance of the accuracy and the
easiness for the calculation for it. Usually, taking more time to pursue “1 Rs.
-accuracy” for the calculation does not serve the purpose. If an easier alternative
method of calculation can be performed, then it should be done. For instance,
leakage repair cost could be obtained by the number of leakages repaired and
“average unit cost”. These could be taken from past records, if it is available. This
method is easier in comparison to building up by each cost of personnel, machinery,

and material of which was spent on the activity.

Cost for leakage repair = Number of repaired leakage

X Average Unit Cost of the Repair

b) Benefit

The benefit shall be considered as the value of prevented future water losses. Water
losses by leakage would keep occurring till the survey is carried out and leakage is
repaired someday. If cyclic year period of the activity were 3 years, such water
losses would last for 3 years. After all, this value can be defined by the idea that the

activity prevents those future losses.

The value of prevented future water losses
= Unit Sales Cost X Prevented Amount of Leakage

X The Number of Cyclic Year

Calculation of Prevented Amount of Leakage is as below;

(Leakage ratio of before the activity — Leakage ratio of after the activity) X
Input Volume to the DMA
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3.7.2 Calculation of Cost and Benefit

In this chapter, the calculation of cost and benefit is explained step by step by use of real
figures obtained at the DMA4 in the Pilot Site under the JICA project. Note that this is to
provide a concept of the calculation, so that it could be modified to a more convenient

way, if any.

a) Total Cost calculation

1) Cost for the DMA creation (Valves and Bulk flowmeter installation)

® Personnel and Machinery cost:

This is the cost that is spent for the construction work of the creation of
the DMA and the subzones. This cost also could be divided into the
personnel cost, the machinery cost, and the material cost as mentioned in
the section 3.7.1.

For convenience, however, Average Unit Cost of Repair is being utilized for
the calculation. This is because the process and the contents of both
construction works are similar. Further, the material cost, such as for a
bulk flowmeter, valves, might be relatively high compared to the material

cost of Leakage Repair. Hence it will be calculated as other components.

Value of Average Unit Cost of Repair is being obtained herein by referring

to the records of Kalutara region. (See Appendix 9)

According to the records, 446 leakage-repairs were done in a certain
period from 2018 to 2019. It cost 11,951,022.75 LKR in total. (Note that
if there are any other relevant costs, which are not included in this value,
it should be added.)

Average Unit Cost of Leakage Repair =11,951,022.75 Rs. + 446 nos.

=26,797 Rs./no.
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As the figure below shows, 4 valves and 1 bulk flowmeter were installed to
the particular DMA. In here, one number of valve installation works shall
be converted to one number of repair works. On the other hand, meter
installation work shall be converted to 5 numbers of repair works, because

it includes chamber-casting and installing. It took approximately 5 days in
total.

Cost for valve and meter installation
= Converted number X Average Unit Cost
= 9nos. X 26,797 Rs./no.

= 241,173 Rs.

@: Bulk Flowmeter

x : Step valve

Sub zone2
Sub zonel

o™

Figure 3.26 Installed flowmeter and valves

® Material cost:

The table below shows the costs of each item that are used for the DMA

creation.

These items will keep working not only for the DMA creation but also for
other O&M work through their lifetime. Hence, each purchase price itself
should not be the cost of material of the DMA creation. What
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percentage would be equivalent to the cost should be carefully

considered.

The values that are provided herein by the cyclic year of the activity and

the lifetime of each item. (In other words, “depreciation period” or “life

expectancy”)

Table 3.13 Material cost for the DMA creation

Unit of Price and Cost in Rs.

Purchase | Depreciation el ez
Nos. Bri Peri of the Cost
ltem Specs rice eriod At
a b c d e = (a*b/c)*d

50mm dia. 1 9,850 38 3 778
Valve

80mm dia. 3 49,500 38 3 11,724
Bulk 80mm dia. 1 44,500 38 3 3,514
Flowmeter

BS5834
Surface Box /D400 5 21,500 38 3 8,487
. 110mm dia.
PVC Pipe As Valve Box 5 11,225 38 3 4,431
Manhole 600mm 1 29,500 38 3 2,329
Cover
Chamber Non casted 1 142,000 38 3 11,211
Necessary Flange adaptor,
Fittings Bolts & Nuts ! 85,340 38 3 6,738
Total 49,212
Note:

-The number of the depreciation period refers to Japanese law “Government Enterprise

Act”

-Assumed herein that the number of cyclic year is 3 year. This refers to the cases of Japan’s
major water utility.

2) Cost for the leakage detection

® Personnel cost

The table below shows the amount of time spent for each activity by a

person categorically.
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Herein, for convenience, it is assumed that the salary rank of the
personnel could be divided into 2 categories. Moreover, category 1 would
be the rank of Zone Officers or higher, category 2 would be the rank under
Zone Officer. (e.g. Skilled Workers, etc.)

Table 3.14 Working hours of each personnel spent for the activity

Unit in hours

Personnel Working Hours
Working Item
Category Daytime Nighttime
M q 8 S 1 32 0
ap updating ite inspection
2 0 0
Step Test & MNF 1 0 35.0
Measurement 2 0 60.0
1 25.0 0
House to House Survey
2 65.5 0
1 10.0 8.0
Road Survey
2 9.0 8.0
1 7.5 0
Identification Survey
2 10.0 0
1 9.5 0
Meter Accuracy Check
2 9.5 0
1 42.0 0
Data Summarizing, Evaluation
2 0 0
1 126.0 43.0
Total Working Hours
2 94.0 68.0

Note:
- Source of working hours: the working record of JICA project

- Assumed herein that categoryl is the rank of salary of Zone Officers or
higher persons, and category2 is the rank of salary of the persons under Zone
Officers. (e.g. skilled workers)

Furthermore, the table below shows the personnel cost for the leakage
detection. The figures of Unit Rate of each category are a complete
conjecture. They should be replaced by more approximate figures. The
numbers of working hours are taken from the working record of JICA

project. (See Appendix 9)
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Table 3.15 Personnel cost for the leakage detection

Unit of Cost in Rs.

Daytime Nighttime
Personnel Total
Working Unit Working Unit
Category Cost Cost Cost
Hours Rate Hours Rate
1 126.0 247 31,122 43 371 15,932 47,054
2 94.0 182 17,108 68 273 | 18,564 35,672
Total 82,726

Note: The unit labour cost is provided by RSC-WS (2021) . 1: Engineer Assistant, 2: Fitter

® Machinery cost:

As with “Material cost of the DMA creation”, which is mentioned in

section 3.7.2 a) 1), it needs to be considered what percentage of the

purchase-prices of each equipment are worth only for the leakage

detection work that was carried out this time.

The table below shows the Unit Rate per Day of each equipment.

Particular coefficients are being used for the calculation herein. (Source:

Japan leakage survey association)

Table 3.16 Unit Rate of equipment for the leakage detection

Unit of Price and Loss in Rs.

Price Coefficient Unit Rate per Day
Machinery (Equipment)
a b c=a‘b
Ultra-sonic flow meter 5,300,000 0.0038 20,140
Pressure logger 1,700,000 0.0021 3,570
Acoustic bar 59,148 0.0028 166
Water leak detector 463,266 0.0016 741
Boring bar 45,275 0.012 543
Hammer drill 23,261 0.0019 44
Meter test kit 645,000 0.0038 2,451
Generator - - 958

- Source of the coefficients for all the machinery except Generator: Japan Leakage

Survey Association

- Source of the coefficient for Generator: Japan Construction Machinery and

Construction Association, Construction machinery unit rate table (Specs - 3kVA)
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The table below shows the material cost of the leakage detection. The

number of days spent are obtained from the Working Record of JICA

project.

Table 3.17 Material cost of the leakage detection

Unit of Cost in Rs.

Unit Unit Rate per Day | Number of Unit Cost
Machinery (Equipment)

a c=a’b
Ultra-sonic flow meter day 20,140 3 60,420
Pressure logger day 3,570 12 42,840
Acoustic bar day 166 10 1,660
Water leak detector day 741 7 5,187
Boring bar day 543 2 1,086
Hammer drill day 44 2 88
Meter test kit day 2,451 2 4,902
Generator day 958 5 4,790
Total 120,973

3) Cost for the leakage repair

9 leakages were detected and repaired in one particular DMA of the Pilot Site

under JICA project. The summary is shown in Table and Figure as below.

Table 3.18 Information of Leakages repaired
ID Sub Pipe Material Dia. Ground Others
Zone Category (mm) Surface
1 4 Service PVC 20 Soil Occurred under
other resident’s
premises
2 4 Service PVC 20 Concrete
3 3 Service PVC 20 Concrete
4 2 Service PVC 20 Concrete
5 2 Service PVC 20 Soil
6 2 Service PVC 20 -
7 2 Service PVC 20 -
8 4 Distribution PVC 63 Concrete
9 2 Distribution PVC 63 Concrete
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Figure 3.27 Summary of the leakage points

For convenience, Average Unit Cost of Leakage Repair 26,797 LKR is used for

the calculation as with the section of 3.7.2 a) 1).
Therefore, cost for the Leakage Repair can be estimated as below.

Cost for Leakage Repair = Number of Repaired Leakage
X Average Unit Cost
=9 nos. X 26,797 Rs./no.
=241,173 Rs.

b) Total Benefit calculation

There are two assumptions are used.
1) Consideration of leakage recurrences
2) Full use of saved water

Example of a benefit calculation is as below;

Firstly, the Prevented Amount of Leakage shall be estimated by how much the
NRW ratio improved.
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Table 3.19 Change of key indicators

Average Average
Input Volume Consumption NRW
Status )
Ratio
m3 m3/d m3 m3/d
Before Activity (Mar. 2019) 6,962.0 257.5 6,116 197.3 | 23.4%
After Activity (Aug. 2019) 6,472.4 223.2 6,067 202.2 9.4%

Source: NWSDB

Prevented Amount of Leakage

= (Leakage/NRW ratio - Leakage/NRW ratio) X Average Input

Volume

=257.5 m3/day*23.4 %-223.2 m3/day™9.4 %

=39.6 m3/day

=14,454 m3/year

It is estimated that the recurrence of water leakage appears in the pattern shown in the schematic

image below.
A
/,’
Prevented 2’
/ Leakage 1
uE> Prevented
=] Leakage
o
i A \4
o A
(]
é
9 Remaining Leakage Remaining Leakage
A
Last but One Last Time Present

<

>

<

>

Cycle Year of Leakage Control

Figure 3.28 Image of Leakage Recurrence

Practically, the costs and human resources available to prevent water leakage are limited. For this

reason, it is necessary to set the criteria for determining the allowable amount of water leakage

and pipeline renewal while considering the amount of water that has been prevented, the amount

of residual water, and the cost spent for prevention activities.

To this end, it is necessary to investigate how quickly the reduced water leakage will be restored,

and it is recommended to monitor the water inflow to the DMA and MNF monthly.

A2-75




MNF

A
59.3 L/min
_-w
(0] X -X
X e -
\35_2Umin X
0 .---"
< Monthly Monitoring >
Activity Period Cycle Period
Befor starting After termination Restart leakage
activities of activities reduction activities

Figure 3.29 Monitoring for Leakage Control

Finally, the Value of Prevented Water Losses shall be estimated by considering the Prevented

Amount of Leakage, Unit Sales Cost and Number of Cyclic Year as the benefit of the activity.

The duration of the effect is the number of years until the reduced amount of water leakage
returns to the original level, and it is necessary to set this period as the Cyclic Period and repeat the

leaked water reduction activities.
In this cost-benefit calculation, the duration of this effect is assumed to be 3 years.

It is assumed that the leakage volume will increase gradually and become same level in 3 years.

Leakage Volume Benefit produced by Leakage Reduction Activities

S

x L/min

39.6m3/d

v Leakage Recurrence

y L/min

N
»

Activity Period After 3years  Time

Figure 3.30 Benefit produced by Leakage Reduction Activities

Value of Prevented Water Losses
= Unit Sales Cost X Prevented Amount of Leakage
XNumber of Cyclic Year
=55 Rs. X 14,454 m?/year X 3 years X1/2
= 1,192,455 Rs.
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c) Cost Benefit comparison

As the table below shows, benefit of the activities that were carried out in one
particular DMA under JICA project is greater than its cost. It can conclude that

the activity was efficient.

Table 3.20 Comparison of Total Cost and Total Benefit

Unit of Value in Rs.

Description Value
DMA Personnel, Machinery 241,173
Creation Material 49,212
Personnel 82,726
.. | Leakage i
2 ] Machinery 120,973
O | Detection _
Material 0
Leakage Repair
9 P 241,173
(Personnel, Machine, Material)
Total Cost 735,257
E‘ Prevented Water Losses 2,023,560
(0]
@~ Total Benefit 1,192,455
Benefit,”Cost 1.62

The Cyclic period will be monitored, and the benefit shall be re-evaluated. If it becomes less than 1,

it will be a time of replacing of pipe.

3.8 Pressure Control

It is very essential for the smooth supply of water to all users to control appropriate water pressure
and water volume distribution as much as possible. Further, appropriate pressure control is one of

the important measures of ALC.

The relation between pressure and leakage volume is shown as follows. The coefficient N depends

on the size and shape of the leak hole and the material of the pipe.

The following Figure shows the relationship between pressure and leakage volume. The higher

pressure generates larger amount of leakage.

A2-77



The

Pressure

Pressure
I Leakage i Leakage
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High pressure Low Pressure

Q1 / QO= (P1/P0)N

Figure 3.31 Relation between leak volume and pressure

Leak from small orifice: N=0.5

Leak from crack of pipe or flange joint: N=1.15

Ideally, the minimum hydrodynamic pressure of the supply network should be
maintained at a head of about 15m (0.15MPa) to 20m (0.2MPa). The excessive water
pressure brings about higher water leakage beside the risk of making damage to the
supply system, therefore, it is desirable to keep the minimum hydrodynamic pressure
to 40 m (0.4 MPa) at the maximum. therefore, it is desirable to keep the minimum

hydrodynamic pressure to 40 m (0.4 MPa) at the maximum.

There are two major measures for the pressure reduction in distribution network, i.e.,

valve control and use of pressure reducing valve.
1) Control valve: Change the opening and generate head loss

2) Pressure reducing valve: Use of pressure reducing valve
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Table 3.21 shows the summary of two kind of pressure controlling method by use of

valves.
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Table 3.21 Summary of Valves for Pressure Control

Control valve Pressure reducing valve

Mechanism

Change opening degree of sluice valve | It works by using the water pressure
and/or butterfly valve, and generate in the pipeline as a power source,

the pressure difference which reduces | and the pressure on the upstream

the pressure and the downstream can be
controlled.
Characteristic Simplest method applicable to Pressure setting is easy.
network with constant flow The conditions of pressure and flow
It completely depends on the rate determines the type of valve.

downstream side water flow.

O&M Not particular maintenance is required | Periodical maintenance is required.
as usual valves.

Operation When the condition of flow rate Continuous small flow amount rate
and/or pressure change, the setting will cause the failure.
should be adjusted. It cannot be installed very near to

other pressure reducing valve.

Appropriate setting valves in network and proper operation of them can control
the water pressure in proper levels. The examples of necessary locations are given

below.
»  Distribution Main

+  Upstream of the Location of excessive pressure where changing
topography in altitude
+  Location of excessive pressure in nighttime due to low water demand

+  Contacting point to the other network
»  Distribution Sub-main

+  Branching point from distribution main

+ Inlet of supply block

The remote monitoring of pressure by sensors will be helpful to control more

precisely and timely.
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4 Management of database

As mentioned before, understanding the existing situation of pipe network is essential for the daily
O&M work. The Mapping system is a useful way to ensure this; information shall be updated and

shared with staff in the organization.

NWSDB already has a certain internal rule to accumulate information.

Comprehensive GIS mapping system is developing with the assistance of Greater Colombo Water
and Wastewater Management Improvement Investment Program (GCWWMIIP) funded by ADB.
The target is to accumulate the existing asset information, and also, they are planning to merge the

customer information.

The following table shows main information to be put into the attributes of GIS.

Pipe Diameter Material Type laid year status | length

Valve Diameter Material Type Installation year | status

Flowmeter | Diameter Description

Leakage location Leak type

At present, GIS data is managed by the P&D section of RSC-WS. GCWWMIIIP is going to assign GIS
data management to the Area Manager Office. Therefore, the internal information sharing will be

slightly changed.

However, the data collection is one of important daily works for the field staff members.
Furthermore, the daily update of the collected information is essential for the correct data

management.

In case of the new scheme of the water supply including the expansion, the drawing with GIS data
will be submitted to NWSDB.

NWSDB is collecting and updating the information of pipe laying year into the GIS system. Because

these are important basic data for evaluation of the vulnerability of pipeline.

On the other hand, the daily collected information should be updated at the time of repair/ replace
of pipe/valve/water hydrant, diversion of the network, excavation work, new connection, etc. The

following information can be collected.

- Pipe information: Layout, Location, Depth, Material, Diameter, laid year, location of valves,

hydrants, new installation, replacement
- Leakage information: Point, considerable cause, etc.

- Others: Any other differences from existing database
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To evaluate the history of the leakage occurrences, it is useful to know the frequency of occurrence

in certain pipe. So, NWSDB should request the person who does the leakage repair work at the site

must submit the “leakage repair record” and Photograph with geotag.

The following procedure is recommended.

1)

2)

3)

4)

5)

NWSDB provides the access information of the e-format to staff/Contactor to take the record.

NWSDB staff/Contactor checks the status of the camera/smartphone which must be able to

get the coordinate information.

NWSDB staff/Contactor shall take photographs to report the working condition with the

coordinate information and send it to responsible person in NWSDB.
The person in charge in NWSDB compile the photograph with the geotag to the GIS system.

This information should be updated regularly, every few months and one year at most.

o&M RSC

> Collect information

\

Report to RSC

> Accumulate information

A\

Update existing database

y

Provide latest information

to others

Use provided

information for the {
daily O&M work

Figure 4.1 Flow of Data
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Working Record in DMA4

Annex 3: Personnel Work Record for DMA activities

Wigrk Ftam: DMA Craation, MNF Measurement, Step Test, Leakags Survey, Mater tast, Data Summarizing

Moming Afterncon Might
Date ltem Name Job Status Eguipmant
Start End Hours Sart End Heours Hart End Hours
Va2 upaating & site Cateforyl | mao | 1zm | 00| a0 | w0 | 400
inspaction
Map updating & site
N . Cateforyl B:30 1z:30 4:00( 13:30 | 17:30 4:00
inspaction
Mag updating £ sit= Cateforyl | &30 | 1230 |  %00| 1330 | 30 | a00
inspaction
Mag updating £ sit= Cateforyl | &30 | 1230 |  %00| 1330 | 30 | a00
inspaction
15.02.2018]Valve Installation Cateforyl 830 12:30 300 1800 | 1630 | 230 000
|Valve Installation Catefory? | %30 | 1230 | 300 1800 | 130 | 230 0:00
Valve Installation Catefory2 8:30 1230 00| 1200 | 1530 230 000
Valve Installation Catefory? 9:30 12:30 3:00| 1400 16:30 -30 0:00
Valve Installation Catefory2 8:30 1230 00| 1200 | 1530 230 000
Valve Installation Catefory? 9:30 12:30 3:00| 1400 16:30 2:30 0:00
16.02.2019(Valve Installation Cateforyl 8:30 12:30 2:00| 1200 | 1530 30 000
Valve Installation Catefory? 9:30 12:30 3:00| 1400 16:30 2:30 0:00
Valve Installation Catefory2 8:30 12:30 3:00| 12:00 | 16:30 2:30 0:00
|Valve Installation Catefory2 | %30 | 12:30 | 500 1800 | 1830 | 230 000
|Valve Installation Catefory? | w30 | L1230 300| 1800 | 1530 | 230 0:00
Valve Installation Catefory? 8:30 12:30 3:00| 12:00 | 16:30 230 000
25.02.2010|Mater Installation Cateforyl 830 12:30 3:00| 1200 16:30 230 0:00
Meter Installation Catefory? 8:30 12:30 3:00| 12:00 | 16:30 230 000
Mater Installation Catefory2 5:30 12:30 300 1200 | 1530 2:30 0:00
Meter Installation Catefory? 8:30 12:30 3:00| 12:00 | 16:30 230 000
Mater Installation Catefory2 5:30 12:30 3:00( 1200 | 1530 2:30 0:00
Meter Installation Catefory? 8:30 12:30 3:00( 1200 | 1630 2:30 000
25.02.20'_9.Chambs_-l Installztion Cateforyl 930 12:30 3:00| 1400 16:30 | 2:30 0:00
|Chamber Installation Catefory2 | 830 | 1230 | 300 1800 | 1&:30 | 230 0:00
(Chamber Installation Catefory? 8:30 12:30 3:00| 12:00 | 16:30 230 000
Chamber Instzllztion Catefory? 830 12:30 3:00| 1200 16:30 230 0:00
Chamber Installation Catefory2 8:30 12:30 2:00| 1200 | 15:30 30 000
Chamber Instzllztion Catefory? 830 12:30 3:00| 1200 16:30 230 0:00
13.03.2019|MNF. Step Test 1|Cateforyl 0:00 0:00] 23:00 4:00 5:00|Ultra-sonie flow meter
WMF, Step Test Z|Cateforyl 0:00 0:00] 23:00 4:00 5:00|Preszure logger
WMF, Step Test 3| Catefory? 0:00 0:00] 23:00 4:00 5:00|Preszure logger
|MINF. Step Test 4| Catefory2 000 | uoo| z30o|  400]  5:00|Pressurs lesser
WMF, Step Test B|Catefory? 0:00 0:00] 23:00 4:00 5:00|Preszure logger
MNF, Step Test | Catefory2 0:00 0:00 4:00 5:00
MNF. Step Test 3 0:00 0:00 23:00] 4:00 5:00
MNF, Step Test 11 0:00 0:00 23:00] 4:00 5:00
14.03.2019) Data summaraizing O| Cateforyl 830 1230 4:00 13:30| 1630 3:00 0:00
Data summaraizing 11{Cateforyl 230 1:E0 4:00| 13:30] le20 200 000
14.03.2010)|House to House Survey 1|Cateforyl 10:00] 1230 230 14:00( 1630 230 0:00|Azoustic bar
House to House Survey Z|Cateforyl 10:00] 1230 2:30) 14:00] le20 2:30 0:00| Acoustic bar
|House ta House Survey 3|Catefory2 00| 1z30] zas| 10| 1esn| zao 000
House to House Survey A|Catefary? 10:00] 1230 230 14:00( 1630 230 0:00
House to House Survey T|Catefory2 10:00] 1230 30| 14:00) 1630 230 000
Houee to House Survey E|Catefory2 10:00 1230 230 14:00| 1€30 2:30 0:00
House to House Survey 9| 10:00] 1230 30| 14:00) 1630 230 0:00
House to House Survey 11 10:00]  1Z30 2:30) 1400] 1630 2:30 0:00
15.03.2019)House to House Survey 1|Cateforyl 9:30  13:00; 230 0:00 0:00| Acoustic bar
House to House Survey 2| Cateforyl 930 1300 3:30 0:00 0:00] Acoustic bar
House to House Survey 3| Catefory2 9:30  13:00; 230 0:00 0:00
|House ta House Survey 4|catetorsz a30| 1200 330 | oao 0:00
House to House Survey T|Catefory2 930 1300 3:30 0:00 000
House to House Survey E|Catefory2 9:30 13:00; 30 0:00 0:00
House to House Survey £l 930 1300 3:30 0:00 000
House to House Survey 11 9:30 13:00; 30 0:00 0:00
18.03.2019|Meter Accuracy Check 1|Cateforyl 0:00) 14:00] L17:00 200 0:00|Meter test kit
Meater Accuracy Check Z|Cateforyl 10:0:)| 30 230 0:00 0:00
Meter Accuracy Check 3| Catefory2 10:00] 1Z30 2:30) 14:00] L1700 2:00 0:00
Meater Accuracy Check 11 10:00] 1230 230 14:00| 17-00 3:00 0:00
'_9.03.20'_9- Meater Accuracy Check Z|Cateforyl 10:0:)| 1230- 230 15:00| 15:30- 1:30 0:00|Meter test kit
Meter Accuracy Cheek 3| Catefory2 10:00] 1Z30 2:30| 19:00) le:20 L30 0:00
Mater Accuracy Check 11 10:00] 1230 230 15:00( 1630 1:30 0:00
26.03.2019|House to House Survey Z|Cateforyl 10:00] 1Z30 2:30 000 0:00| Acoustic bar
House to House Survey 3| Catefory? 10:00] 1230 230 0:00 0:00|Azoustic bar
House to House Survey Al Catefory? 10:00] 1230 2:30 0:00 0:00
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Moming Afternoon Might
Date ltem Job Statuz Equipment
Start End Howrs Start End Hours Saart End Howrs

House to House Survey 5| Catefory? 10:00) 1230 2:30 0:00 0:00
House to House Survey E|CateforyZ 10:00) 1230 2:30 0:00 0:00
Houge to House Survey T|Cateforyl 10:00] 1230 2:30 0:00 0:00
House to House Survey EB|Catefary? 10:00| 1230 2:30 0:00 0:00
Houge to House Survey 10 10:00| 1230 2:30 0:00 0:00
House to House Survey 11] 10:00| 1230 230 0:00 0:00
House to House Survey  |other 0:00 0:00 0:00
House to House Survey  |other 0:00 0:00 0:00

28.03.2019|House to House Survey 1| Cateforyl 45 1Z30 2:43 000 0:00|Acoustic bar
Houge to House Survey 2| Cateforyl 9:45 1230 2:45 0:00 0:00| Acoustic bar
House to House Survey 3| CatefaryZ 9:45( 1230 245 0:00 0:00
House to House Survey 4| Catefory? 9:45( 1230 245 0:00 0:00
House to House Survey 5| Cateforyl 9:45( 1230 2:45 0:00 0:00
House to House Survey E|CateforyZ 9:45( 1230 245 0:00 0:00
House to House Survey 7| Catefory? 9:45( 1230 2:45 0:00 0:00
House to House Survey &|CateforyZ 45 1Z30 2:43 000 000
Houge to House Survey 10 9:45) 1230 2:45 0:00 0:00
House to House Survey 11] 9:45( 1230 245 000 0:00

01.04.2019|Road survey 1|Cateforyl 10:00  14:-00 4:00 0:00 0:00|(Water leak detector
Road survey 2| Cateforyl 10:00)  13:00 200 0:00 0:00
Road survey 3| Cateforyl 10:00  14:00 4:00 0:00 0:00
Road survey 101 10:00 14-00 4:00 0:00 0:00
Road survey 114 10:00)  14:00 4:00 0:00 0:00

04.04.2019|Road survey 2| Cateforyl 10:00| 1200 2:00 0:00 0:00|Water lesk detector
Road survey 3| CateforyZ 10:00| 1200 200 0:00 0:00
Road survey 4| Catefory? 10:001  12-00 2:00 0:00 0:00
Road survey 10} 10:00) 1200 2:.00 0:00 0:00
Road survey 11 10:00| 1200 2:00 0:00 0:00

05.04.2019|Road survey 1|Catefaryl 10:00 11-00 1:00 0:00 0:00|(Water leak detectar
Road survey 3| CateforyZ 10:00  11-00 100 0:00 0:00
Road survey 10} 10:00)  11-00 L1.00 0:00 0:00
Road survey 11] 10:00 11-00 100 0:00 0:00

10.04.2019|Identification survey 1|Cateforyl 10:001 1230 230 0:00 0:00{Hammer drill
Identification survey 3| CateforyZ 10:00) 1230 2:30 0:00 0:00(Boring bar
Identification survey A|Cateforyl 10:00] 1230 2:30 0:00 0:00|Generatar
Identification survey 101 10:00| 1230 2:30 0:00 0:00 |Acoustic bar
Identification survey 11 10:001 1230 230 0:00 0:00|(Water leak detectar

12.04.2019)Identifieation survey 1| Cateforyl 10:30)  13:00 2:30 0:00 0:00(Hammaer drill
Identification survey 2| Cateforyl 10:30) 1300 2:30 000 0:00|Boring bar
Identification survey 3| CateforyZ 10:30 13-00 230 0:00 0:00|Generatar
Identification survey 4| CateforyZ 10:30) 1300 2:30 0:00 0:00|Acoustic bar
Identification survey 10 10:30| 1300 2:30 0:00 0:00|Water leak detector
Identification survey 11] 10:30 13-00 2:30 0:00 0:00

01.05.2019|Road survey 1|Cateforyl 0:00 22:00 Ldil) 2:00|(Water leak detector
Road survey 2| Cateforyl 0:00 22:00| 0c00 2:00
Road survey 3| CateforyZ 000 00| 2200 0c0n 2:00
Road survey A|Catefary? 0:00 0:00| 22:00) 000 2:00

10.05.2019|Road survey 1|Cateforyl 0:00 22:00 {00 2:00|Water leak detector
Road survey 2| Cateforyl 0:00 22:00| 0e00) 2:00
Road survey 3| CatefaryZ 0:00 0:00| 22:00) 000 2:00
Road survey 4| Catefory? 0:00 0:00|  22:00) Ldil) 2:00

10.07.2019|MNF, Step Test 1{Cateforyl 0:00 0:00| 2300 4:00 5:00|Ultra-sonie flow meter
MNF. Step Test 2| Cateforyl 000 00| 2300 A:00 5:00|Pressure logser
MMNF, Step Test 3| CateforyZ 0:00 0:00| 23:00) 4:00 5:00|Pressure logzer
MNF, Step Test 4| Catefory? 0:00 0:00|  23:00) 4:00 5:00|Pressure logger
MNF. Step Test 5| Catefory? 0:00 0:00|  23:00 A:00 5:00|Pressure logger
WMNF, Step Test E|CateforyZ 0:00 0:00| 2300 4:00 5:00
MNF, Step Test 11 0:00 0:00f 23:.00 4:00 5:00

11.07.2019|Data summaraizing 9| Cateforyl 2:30( 1Zxs0 4:00| 1330 LEc20 200 0:00
Data summaraizing 11|Cateforyl &30 1Z30 400 1330 LE30 300 000

05.08.2019|MNF, Step Test 1|Cateforyl 0:00 0:00| 23:00) 4:00 5:00 |Ukltra-sonic flow mater
MNF, Step Test Z|Cateforyl 0:00 0:00|  23:00) 4:00 5:00|Pressure logger
MNF. Step Test Mr. Ajith Cateforyl 0:00 0:00|  23:00 A:00 5:00|Pressure logger
WMNF, Step Test 3| CateforyZ 0:00 00| 2300 A:00 5:00(Pressure logser
MNF, Step Test A|Cateforyl 0:00 0:00( 23:.00 4:00 5:00|Pressure logzer
MMNF, Step Test B|CatefaryZ 0:00 0:00| 23:00) 4:00 5:00
MNF, Step Test E|CateforyZ 0:00 0:00|  23:00) 4:00 5:00
MMNF, Step Test bl 0:00 0:00 0:00
MNF, Step Test 11] 0:00 000 0:00

07.08.2019|Data summaraizing 9| Cateforyl 8:30( 1Zx30 4:00| 13:30 1630 200 0:00
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Moming Afternoon Might
ltem Name Job Status Equipmant
Start End Howrs Start End Hours Start End Hours

Data summaraizing 11|Cateforyl 230 130 4:00( 13:30( 130 200 0:00
0:00 000 000

0:00 0:00 0:00

0:00 0:00 0:00

0:00 0:00 0:00

000 000 000

0:00 0:00 0:00

0:00 0:00 0:00

0:00 0:00 0:00

285:30 127:30 126:00

Wiorking Hours

Category DaytimeNighttime

1 176 43

2 44 BE
JET

Excluding Chamber, Meter, Valve Instzllation
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Appendix-1
Case Study of Pilot Site Activity in Panadura RSC-WS

Appendix-1

Case Study of Pilot Site Activity in
Panadura RSC-WS

2018- 2021

The Appendix-1 shows the real practice with the strategic method to control the leakage.

The practice has been done by the project members of RSC-WS, Panadura-Horana manager

area staff members with the assistance of Japanese Experts.

It is useful to learn how to do the active leakage control with the concept of PDCA cycle.
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Appendix-1
Case Study of Pilot Site Activity in Panadura RSC-WS

1 Introduction

1.1 Objective of the Pilot Activities

National Water Supply and Drainage Board (NWSDB) was established in 1975 as a principal
authority providing safe drinking water and facilitating the provision of sanitation in Sri Lanka,
presently under the Ministry of Urban Development. NWSDB has been improving water supply
facilities throughout the country for the realization of a stable water supply. Currently, although
coverage of the water supply system of densely populated Colombo district has reached 94.5 %,
that of the whole country is still 48.1 %. Therefore, NWSDB will continue to enhance water

supply capacity and improve its service.

Enhancement of efficiency of its business operation and expanding water supply system is
required to achieve its goal. NWSDB has been considering the introduction of Asset
management to (1) improve its business operation by effective distribution of O&M and
investment costs and (2) formulate a business plan based on prioritized of renewal demand of

aging facilities.

Enhancement of its capacity for leakage control as that of their daily O&M work directly leads
to reduction of non-revenue water (NRW) and an improvement of business operation and

finance.

Improving the quality of pipe installation not only prevents leakages but also promotes

prolonging the lifetime of water supply facilities.

The purpose of this pilot activity is to acquire the knowledge, technology, and skills necessary
for leakage control through practical On-the-Job Training in the actual water distribution

network.

These tasks must be undertaken under the initiative of NWSDB staff in Sri Lanka, utilizing the

equipment, experience and knowledge provided by Japanese experts.
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1.2 Pilot activity strategy

Pilot activities are an extremely important opportunity to acquire practical skills such as leak

detection and repair.

The results of activities conducted by NWSDB staff can be confirmed from quantitative data
through a series of tasks such as estimating the area of water leakage, taking countermeasures,

and measuring the results

1.2.1 Selection of target area

The NRW ratio in RSC-WS is not so high in the average of the whole area. It was 19.5 % for the
12-month average from September 2017 to October 2018, at the starting of the Project. That is

to say, this area was suitable for the study of Active Leakage Control.

1.2.2 Construction of DMA

District Metered Area (DMA) means "Hydraulically isolated area where flow meter can control
water inflow volume". The DMA method is generally adopted to manage leakage reduction in
the pilot area. The DMAs are created in the existing supply network by installing valves and

bulk flow meters.

1.2.3 Evaluation of Non-Revenue Water (NRW)

The amount of leakage reduced by a series of activities is a very important indicator for

measuring performance.

In this study, the drop of MNF is used for the immediate evaluation of effectiveness of
countermeasures. However, MNF is not a perfect indicator, because it consists of not only
leakage but also the used water. NRW has also been monitored, but the single month NRW is
not stable, in addition, the meter reading was not appropriately done due to the lock-down or
else caused by the COVID-19 pandemic. Therefore, if the continuous monitoring data were

available, NRW is also good indicator for measuring the effectiveness of activity.
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1.3 PDCA Cycle

For future leakage reduction activities to be effective and sustainable, PDCA cycle-conscious

efforts are necessa ry.

Plan (Planning) *Setting the goal
= Action Plan for achievement of goal
SW2H
(Who, When, Where, What, Why, How, How much)
Do (Site Works & Data Collection) *Implementation of the Action Plan

*Record of progress and results of activities
*Record of causes that hinder the achievement of
goals

Check (Evaluation) *Comparison of goal and achievement level
*Review of action plan

l * Analysis of success factors and failure factors
Action (Improvement) *Judgment of continuity

*Modification of activities

*Interruption of activities

Figure 1.1 PDCA Cycle

There are four points to effectively operate the PDCA cycle:

>

>

To show targets numerically and to plan concretely activities
To appoint a responsible person and to execute as planned
To Make a comfortable schedule

To check and evaluate progress periodically
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1.4.1 Activity implementation system

The pilot activities will proceed under the following system.

Since the selected pilot site belongs to OIC Panadura, the leakage reduction activities will be

carried out by the engineers and staff of OIC.

The leader of the pilot project will be the P&C manager of RSC W-S, and will be responsible for

securing the equipment and materials necessary for the activities, obtaining the license, and

coordinating with other departments within NWSDB, while receiving reports from OIC

Panadura.

Regional Support Center (RSC)
Western-South

Coordi

P&D (Planning & Design)

Figure 1.2 Activity implementation system
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If possible to take some
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1.4.2 Implementation Steps of Pilot Activities

additional measures

Selection of target area

¥

Collection of basic information of the
target area

v

Creation of DMA

v

Design of Subzoning

v

—» Installation of sluice valves for isolation

v

Confirmation of Hydraulic Isolation of the
target area

Pressure falls down
to "zero"

__________________

Bulk Flow Meter
/Sluice Valve

Simultaneous pressure :
measurement :
at variable points '

I
Creation of pressure '
distribution map '

Minimum Night Flow

Yes
y v
Step Test Collection and Analysis of
5 customer data
Measurement of Minimum Night Flow Y
(Baseline Data) NRW Calculation
v v
» Leakage Detection and Repair Accuracy Test
in subzone of Customer Meters
v v
Step Test Analysis of billed water
v
Achieve the goal o Estimation of Apparent Losses

_________________ >
»

If impossible to take further
measures

NRW Calculation

v

Cost-Benefit Analysis
v

Evaluation of existing water
network

Figure 1.3 Implementation Steps of Pilot Activities
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2 |PLAN| Planning for water leakage reduction measures

This chapter explains the PLAN of PDCA cycle.

2.1 Setting goals and evaluation indicators

For all activities, it is necessary to determine the target area and achievement goals in advance.

In general, the goals that can be set as pilot activities are as follows.
» To learn techniques to detect underground leakage

Through practical training in field work, learn leak detection methods and equipment

operation.
»  To clarify the components of NRW.

Quantitatively show the components of NRW in the pilot area and propose the most

effective and efficient measures to reduce NRW.
» Toimprove NRW rate
Implement the proposed measures and improve the NRW ratio.

This project assumes that most of NRW in the pilot area is dominated by underground leakages
that are difficult to detect, and NWSDB staff aims to acquire the knowledge, technology, and

skills necessary for underground leakage control.

The effectiveness of the measures will be evaluated by monitoring the following data.
»  Minimum Night Flow (MNF)

» NRW ratio (%)

In case that, after activities, it is found that activities other than leak control are effective in

reducing non-revenue water, we propose measures to be taken.
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2.2 Evaluation of real losses (leakage)

The dynamic scheme of real losses (leakage) is shown below.

Pressure

Management

Unavoidable Level of

Real Losses

Active Leakage

Economic Level of Real

Speed and Quality

Control

of Leak Repair Losses

Potentially Recoverable Real

Losses

Current Level of

Real Losses Pipe and Assets

Management

Figure 2.2.1 Dynamic scheme of real losses

To reduce water leakage, it is necessary to take measures from four directions, however, the

priority of which depends on the characteristics of the district.

Therefore, in the pilot activities, the leakage repair will be carried out first and the effect will
be confirmed. In addition, if a large amount of residual water leakage is observed, additional
measures such as water pressure management and pipeline renewal will be taken, and
measures will be continued until the amount of water leakage can be reduced from an

economical point of view.

There is a level of leakage that is physically difficult to reduce. They call this level
“Unavoidable Annual Real Losses (UARL)”. The performance indicators of real losses are as

follows.
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2.2.1 Current Annual Volume of Real Losses (CARL)

Annual Volume of Real Losses (m3/year) 1000

CARL (L/day) =

Number of Water Service Days

2.2.2 Real Losses per connection

Current Annual Volume of Real Losses (CARL)

Real Losses (L/connection/day) =
Number of Service Connection

The IWA recommends an index (L/km/day) that uses the total length of water distribution
pipes instead of the number of connections for areas where the density of water pipes is less

than 20 cases/km.

2.2.3 Infrastructure Leakage Index (ILI)

ILI is a value recommended by IWA as an indicator of the vulnerability of distribution pipes. To
calculate this value, calculate UARL (Unavoidable Annual Real Losses) in advance with the

following formula.

UARL (L/day) = (18xLm + 0.8xNc + 25xLc) x P

Lm : Total length of distribution pipes (km)
Nc : House Connection Number
Lc : Total length of service connection pipes (km)

= Average length per connection (km/connection) x Ns. of connection
P : Average water supply pressure (m H,0)
UARL is the amount of water that cannot be expected to be further reduced no matter what
water leakage measures are taken. It is said that this value will be about 2 to 4% of the total
amount of water distributed by any water utility, and it can be understood as the allowable

amount of leakage.

ILI is the value obtained by dividing the amount of water leakage (CARL) shown above by this

UARL and is used to judge how appropriately the distribution network is maintained.
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Current Annual Volume of Real Losses (CARL)

Infrastructure Leakage Index (ILI) =

Unavoidable Annual Real Losses (UARL)

The IWA Working Group reports that when comparing ILI values, they can be applied in

relatively large systems at the national, city, and zone levels. The conditions are as follows.
Number of connection : more than 3,000 (no limit for density)
Average water supply pressure : more than 25m as water head

In the case of an ideal water distribution network with no problems, ILI=1.0, which is a purely
technical ultimate indicator. However, it is a value that is practically impossible, ignoring cost-

effectiveness, and it is not necessary to target this level.

If the current ILI and target value can be set in this way, the real losses to be targeted can be

determined using the following matrix according to the ILI value and the average water supply

pressure.
Table 2.2.1 Target value of real losses

Technical ILI Physical Losses (L/connection/day)
Performance (when the system is pressured) at an average pressure of:
Category 10m 20m 30m 40m 50m
S A 1-2 <50 <75 <100 <125
§§ B 2-4 50 - 100 75— 150 100 — 200 125 — 250
% § C 4-8 100 — 200 150 — 300 200 - 400 250 — 500
e D >8 > 200 > 300 > 400 > 500

A 1-4 <50 <100 < 150 <200 < 250
(@)
£ 3 B 4-8 50— 100 100 — 200 150 — 300 200 — 400 250 — 500
oS
< C 8-16 100 — 200 200 — 400 300 - 600 400 — 800 500 — 1000
O O
0o D > 16 > 200 > 400 > 600 > 800 > 1000

Source: Roland Liemberger, IWA Leakage 2005 Conference

Category A Good , Further loss reduction may be uneconomic unless there are
shortages; careful analysis needed to identify cost-effective improvement

Category B Potential for marked improvements; consider pressure management;
better active leakage control practices, and better network maintenance

Category C Poor leakage record; tolerable only if water is plentiful and cheap; even
then, analyze level and nature of leakage and intensify leakage reduction
efforts

Category D Highly inefficient; leakage reduction programs imperative and high priority
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Data Collection

In carrying out the pilot activities, the following information should be organized.

2.3.1 Basic data

Table 2.3.1 Data to be collected before commencement of activities

Number of users by category

-
o

No Items No Items

1 | Number of connections 6 | Distribution Network Drawing

2 | Number of effective customer meter 7 | Extension of pipes by type of material
3 | Billing data during last 12 months 8 | Extension of pipes by diameter

4 | Meter reading data during last 12 months 9 | Pipe laying year

5

History of accident/repair

2.3.2 Updating commercial data

While conducting the activity, check the consistency between the data base of billing status

and the current water users, so that NRW and real losses can be calculated accurately.

Table 2.3.2 Commercial data to be updated

No Items No Items

1 | ID Code of region 16 | Sewerage service

2 | Region 17 | Status of meter box

3 | Zone 18 | Operating condition of meter
4 | Registration number 19 | Manufacturer of meter

5 | Customer number for billing 20 | Nominal diameter of meter
6 | Direction 21 | Serial number of meters

7 | Type of connection 22 | Type of service pipe

8 | Water usage status 23 | Diameter of service pipe

9 | Contact number 24

10 | Customer name 25

11 | Type of building 26

12 | Economic status 27

13 | Type of commercial activities 28

14 | Water source 29

15 | Connection date 30
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2.4 Design of DMA

Determine the range where hydraulic independence is possible according to the distribution

network map of the activity area.

2.4.1 Definition of DMA

In this activity, DMA is defined as follows.

4 )

Definition of DMA

DMA is the smallest leak management area constructed in the distribution network.
It is used to estimate the amount of water loss occurring in the sector by making it
hydraulically independent at night when water demand is low and measuring the Minimum

Night Flow (MNF).

[ Complementary conditions)

> Water communication between adjacent distribution networks is allowed, but
valves must be installed in place to allow the distribution network to be
independent (separate from surrounding distribution networks) when needed.

> Multi point Inflow is permitted.

> It is not an absolute requirement to install a flow meter at the inflow point, but it
must be possible to install a portable flow measurement device and measure the
inflow water amount at night.

4 )

Scale of DMA

DMA will be set in consideration of distribution network conditions, water demand,
customer density, etc.
For efficient control of water leakage reduction activities, it is desirable that the number of

water supply connections for one DMA is about 500 to 3,000.

J

The ideal DMA is a system that is always disconnected from the surrounding water distribution

network 24 hours a day and allows you to compare the amount of water supplied to the sector

with the amount of water consumed within a certain period.

In order to construct DMA with perfect condition, it is necessary to perform hydraulic
calculation based on distribution pipe data, and to develop a pipe network that does not cause

a significant shortage of water demand, which requires a great deal of cost and time.
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2.4.2 Purpose of constructing a DMA

The purpose of constructing a DMA is as follows.

>

After limiting the boundary of distribution network from the surroundings at night,
measure the Minimum Night Flow (MNF) to roughly understand the level of water

leakage occurring in the area.

Divide MNF by the number of customers existing in the area to calculate the

Minimum Night Flow rate per connection (MNF/connection).

Divide MNF by the pipeline extension in the area to calculate the Minimum Night
Flow rate per km (MNF/km).

Compare the MNF of different DMAs to identify areas with high levels of water
leakage and NRW, and take efficient and effective water leakage reduction

measures considering priority.

It is recommended that the effect of the measures should be regularly confirmed in

the DMA that has taken measures against water leakage, at least once a month.

By installing a remote monitoring system in DMA, we can monitor daily inflow water
volume and water pressure and respond to sudden leaks and water distribution

network accidents.

2.4.3 Information needed for DMA design

The following information needs to be confirmed when designing a DMA.

>

>

Location, diameter and actual status of existing valves and its diameter
Location and diameter of Inlet pipe of a target area

Information of distribution pipes near the expected boundary

In case of sub-zoning, detail of pipeline of its boundary

Water supply pressure

2.4.4 Preliminary design of DMA

Based on the information obtained in advance, the following preliminary design will be

performed.
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After that, the boundary may be modified while referring to the data of the water distribution

network found by making the area hydraulically isolated and measuring the water pressure.
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Figure 2.1 Location of Pilot Area
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ENHANCEMENT OF OPERATIONAL EFFICIENCY AND ASSETS MANAGEMENT CAPACITY PROJECT
REGIONAL SUPPORT CENTRE-WESTERN SOUTH, NATIONAL WATER SUPPLY & DRAINAGE BOARD, SRI LANKA

o 05 4
[ e S—

Figure 2.3 Reviewed design of DMA

After the practical survey at the site, plan shown in Figure 2.2 was changed as Figure 2.3.
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v b £ DMA2
DMA1
& )
) s DMA6 |
DMA4 (@M<
—

Figure 2.4 Schematic image of distribution pipes of DMA
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2.5 Determination of activity schedule

The person responsible for implementing the activity sets the activity schedule based on the

basic workflow described in Section 1.4.2.

>

Implementation system and determination of

activity members
Secure activity budget

Site survey and confirmation of construction

conditions in the DMA target area

Collection of customer information and billed

water volume data in the area

Selection of target area ‘

v
‘ Collection of basic information of the ‘

target area

L] mmmmmmmmmmmmmaaaa,
Creation of DMA | | Bulk Flow Meter

' /Sluice Valve
S . !
Design of Subzoning |
¥
Instaliation of sluice valves for isolation l _____________________
]
' measurement V
at variable points H
__________ 1__________.
Ve T \

Creation of pressure
distribution map

______________________

| Step Test | [ Collection and Analysis of ‘
Procurement of materials and equipment ¥ =
Measurement of Minimum Night Flow | e |
.. (Baseline Data)
necessary for hydraulic independence .
E E Leakage Detection and Repair Accuracy Test
E in subzone of Customer Meters
Construction of hydraulic isolation if 1 i
’g E | Step Test | [ Analysis of billed water |
, - i :
Measurement of inflow water and minimum 2% Achive the goal | Estimation of Apparent Losses |
Minimum Night Flow
flow rate at night : -
I impossibla to fake further
A measures l NRW Calculation |
Calculation of NRW rate T
l Cost-Benefit Analysis |
Accuracy test of customer meters mmu,wt“mﬂm
l network
Detection and repair of leakage
N January February March
Activities Iw | 2w | 3w | 4w | 1w | 2w | 3w | 4w | 1w | 2w | 3w | 4w

U1 (W =
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3 Practice of leakage control measures

This chapter explains the DO of PDCA cycle in the Pilot project site and real practices at 6
DMAs.

The practice of water leakage control using DMA is carried out according to the following flow.

[Step 1] Confirm location and status of all the exiting valves
and hydrants in DMA

@

[Step 2] Install valves needed for the isolation of subzone

@

[Step 3] Confirm hydraulic isolation of each subzone

é

[Step 4] Identify subzones that require repair of leakage

using minimum night flow measured by Step Test.

é

[Step 5] Detect leakage points on the pipeline

and repair leakages

@

[Step 6] Execute 2nd Step Test to confirm the effect of leakage

repair by variation of Minimum Night Flow

é

[Step 7] Estimate the volume of remaining water leakage
contained in Minimum Night Flow to find the most efficient

measure for leakage reduction

Figure 3.1 Steps of leakage reduction activities

A2-106



Appendix-1
Case Study of Pilot Site Activity in Panadura RSC-WS

3.1 Leakage Reduction Activity of each DMA

To proceed with the construction of the DMA, a field survey should be conducted based on
the preliminary design created in advance. The distribution pipe, distribution status, the
presence or absence of dead-end pipes, and the connection status with adjacent areas should

be confirmed and should be reflected to updating work of pipeline network drawing.

After that, the changes from the preliminary design will be clarified and the boundaries for

hydraulic independence will be set.

If the water pressure gauges are installed at multiple points in the area, the valves at the
inflow points are closed, and the water supply pressure becomes zero after a certain period of

time, it means that hydraulic independence has been achieved.

Measurement of pressure at the water tap | Equipment of pressure measurement at a
certain point of distribution pipe.

Close the inflow valve. Close the inflow valve of subzone.

K Subzone 4 e Subzona

Inflow Chamber e

>4m> ’

\V
@ Bulkmeter l |\

® Pressure Logger/Manometer Qubzone 3 \ Subzony
A4
M Gate Valve V

Confirm that the pressure falls to zero.

Figure 3.2 Image of pressure measurement in DMA

The following sub chapters shows the practice at the three typical DMAs out of 6 DMAs.
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3.1.1 DMA5

The features of DMA 5 are as follows. It is a simple and basic example.

There is only one inflow pipe to the area.

There are multiple types of road pavement.

YV V V V

Since there are many existing valves in the area, it is easy to set the DMA boundary.

There is a difference in elevation, and it is necessary to select an appropriate leak

detection method according to the water pressure condition for each subzone.

oF AND ASSETS TEPACITY PROJECT
. REGIONAL SUPPORT CENTRE-WESTERN SOUTH, NATIONAL WATER SUPPLY & DRAINAGE BOARD, SRI LANKA

OT JONE FOR

Figure 3.1.8 Location of DMA 5

There is only one inflow pipe to the area. Establish a separation plan for subzones (hydraulicly

separated subdivisions) with sluice valves so that inflow of each subzone can be measured by

flow meters installed at the inlet point of DMA.

« Bulk Meser Otumber @ = Ulmasonic Flow Meter Cummber

* %« Normually Open salve ** = Noemally Close Valve
Control Vahe for Sob sone 3= Bpe End
=« Boundary lor Seb roec

PR TSN LT L
> ; > A;("

Figure 3.1.9 Sub-zoning of DMAS5
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The materials required for the construction of DMA 5 and subzones are as follows.

Table 3.1.8 Material for hydraulic isolation of DMAS5

Items Qty
Bulk Flow Meter (DN200) 1
Sluice Valve (DN200) 1
Sluice Valve (DN50) 1
Flanges, Manhole cover, Valve key etc. 1 set

Table 3.1.9 Basic Information of subzone in DMA 5

Subzone Number of Extension of General situation
No. connections distribution
pipes (km)
1 159 1.9 Quiet residential area, good survey environment. The
difference of ground elevation is large.
2 184 2.1 Quiet residential area, good survey environment. The
difference of ground elevation is large.
3 721 25 Divided into noisy areas facing avenue and quiet

residential areas Attention should be paid to noise on
traffic road.

5 1.3 Divided into noisy areas facing avenue and quiet
residential areas Attention should be paid to noise on
traffic road.

4 299 1.7 Quiet residential area, good survey environment. The
difference of elevation in the area is small, but it
becomes lower as it goes to the end of the pipeline.

6 316 1.9 Quiet residential area, good survey environment. The
difference of ground elevation is large.
7 197 1.0 Quiet residential area, good survey environment.

There are some small factories, etc. The elevation at
the valve V7 point is low and gradually increases
toward the end of the pipe.

8 365 2.5 This area is facing the main road. There are many
shops, and noise continues to occur during the day.
The difference of elevation is small

Total 2,241 14.9 B

Step Test Result in DMA 5
(September 19, 2019)

—Inflow Volume

Inflow of each subzone
Subzone 1: 76.0 Limin
Subzone 2: 68.9 Limin
i Inflow Subzdng 1 Subzone 3: 17.6 Limin
b | pd | Subzone 4: 43.2 Limin
oY, [ NP ¥ It | i || Subzone 5: 17.4 Limin
NN | | % nfiow Subzpne 2 Sk Subzone 6: 58.8 Limin

11| B 7 i Subizpde) 3 Subzone 7: 4.8 Limin
0 Q4380 i} 7 i // Infiow Subzone 4| Subzone 8:42.7 Limin

Tt L7 L /
Ml \

olume (L/min)

. Inflow Subzone 5
Inflow|Subzone &
_Inflol Subzone 7 |

Inflow Subzone 8
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Figure 3.1.10 Result of 1st Step Test in DMA 5
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Table 3.1.10 Evaluation of subzone with MNF/km in DMA 5 (Before activities)

Zone ID Inflow Volume Pipe Length Evaluation Indicator Prioritization
Subzone 1 76.0 L/min 1.9 km 40.00 L/min-km 2
Subzone 2 68.9 L/min 2.1 km 32.81 L/min-km 3
Subzone 3 17.6 L/min 2.5 km 7.04 L/min-km 8
Subzone 4 43.2 L/min 1.7 km 25.41 L/min-km 5
Subzone 5 17.4 L/min 1.3 km 13.38 L/min-km 7
Subzone 6 58.8 L/min 1.9 km 30.95 L/min-km 4
Subzone 7 44.8 L/min 1.0 km 44.80 L/min-km 1
Subzone 8 42.7 L/min 2.5 km 17.08 L/min-km 6

Table 3.1.11 Evaluation of subzone with MNF/connection in DMA 5 (Before activities)

Zone ID Inflow Volume No. Customer Evaluation Indicator Prioritization
Subzone 1 76.0 L/min 159 0.48 L/min-con 1
Subzone 2 68.9 L/min 184 0.37 L/min-con 2
Subzone 3 17.6 L/min 721 0.05 L/min-con 7
Subzone 4 43.2 L/min
Subzone 5 17.4 L/min 299 0.14 L/min-con 5
Subzone 6 58.8 L/min 316 0.19 L/min-con 4
Subzone 7 44.8 L/min 197 0.23 L/min-con 3
Subzone 8 42.7 L/min 365 0.12 L/min-con 6

Step Test Result in DMA 5
(January 29, 2020)

Inflow Volume

Inflow of each subzone
Subzone 1. 65.8 Limin
Subzone 2: 57.8 Limin
Subzone 3: 23.9 Limin
Subzone 4: 23.2 Limin
Subzone 5: 44.8 Limin
Subzone 6: 18.4 Limin
Subzone 7: 13.2 Limin

Inflow Subzone |1 Subzone 8: 49.8 L/min

|Inflow Subzone 2 | | i V]
Inflow: Subzone 3 H-¥
| | Inflow Subzone 4 W
Inflow Subzone § Lk
Inflow Subzone 6 (W

Inflow Subzone| 7
_, Inflow [Subzone 8|

Figure 3.1.11 Result of 2nd Step Test in DMA 5
Table 3.1.12 Evaluation of subzone with MNF/km in DMA 5 (After activities)

Zone ID Inflow Volume Pipe Length Evaluation Indicator Prioritization
Subzone 1 65.8 L/min 1.9 km 34.63 L/min-km 1
Subzone 2 57.8 L/min 2.1 km 27.52 L/min-km 3
Subzone 3 23.9 L/min 2.5km 9.56 L/min-km 7
Subzone 4 23.2 L/min 1.7 km 13.65 L/min-km 5
Subzone 5 44.8 L/min 1.3 km 34.46 L/min-km 2
Subzone 6 18.4 L/min 1.9 km 9.68 L/min-km 8
Subzone 7 13.2 L/min 1.0 km 13.20 L/min-km 6
Subzone 8 49.8 L/min 2.5 km 19.92 L/min-km 4
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Table 3.1.13 Evaluation of subzone with MNF/connection in DMA 5 (After activities)

Zone ID Inflow Volume No. Customer Evaluation Indicator Prioritization
Subzone 1 65.8 L/min 159 0.41 L/min-con 1
Subzone 2 57.8 L/min 184 0.31 L/min-con 2
Subzone 3 23.9 L/min 721 0.10 L/min-con 4
Subzone 4 23.2 L/min
Subzone 5 44 .8 L/min 299 0.08 L/min-con 5
Subzone 6 18.4 L/min 316 0.06 L/min-con 7
Subzone 7 13.2 L/min 197 0.07 L/min-con 6
Subzone 8 49.8 L/min 365 0.14 L/min-con 3

Table 3.1.14 Result of Leakage Control Activities in DMA 5

Zone ID Unit Result
Sept. 19, 2019 Jan 29, 2020

Subzone 1 L/min 76.0 65.8
Subzone 2 L/min 68.9 57.8
Subzone 3 L/min 17.6 23.9
Subzone 4 L/min 43.2 23.2
Subzone 5 L/min 17.4 44.8
Subzone 6 L/min 58.8 18.4
Subzone 7 L/min 44.8 13.2
Subzone 8 L/min 42.7 49.8

MNF L/min 380.6 296.9

NRW % 28 14

The changes in non-revenue water since September 2020 is shown following figure. The NRW

seems fluctuating. The system input is measured the reading of bulk meter and consumption is sum

of domestic meter reading values. The duration between two readings is not the same. Therefore,

we suggest the use of daily average value of NRW. It cancels the difference of duration of meter

reading

m3

Distribution volume (m3)
Monthly billed water (m3)
Monthly NRW (1 /month)

Distributed Water and Billed Waterin DMA 5

= Monthly billed water (m3)

= Distribution volume (m3)

—a—NRW ratio on monthly average basis (%)

100,000

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000
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3.1.2 DMA3

(1) Outline of DMA 3

The features of DMA 3 are as follows. Remote monitoring system was introduced for

continuous monitoring to take immediate countermeasures to leakage.

>  There are two inflow pipes to the area.

» The north area is supplied from the distribution pipe from DMA6 on the west side,
and the distribution network is separated from the south area.

> For smooth and effective implementation of leakage control activities, it is
recommended that the southern area indicated below should be included in DMA 3

and the north area be included in DMA 6.

Figure 3.1.13 Change of Design of DMA 3
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(2) Sub-zoning Plan and Hydraulic Isolation Work of DMA 3

Subzone 1

N ey

N /-.
5 P L

DN63 .
DN90 e, ¢
DN110 '
DN160
DN250

Closedvalve

Subzone 3

New gatevalve
Pressure taking point

Subzone 2

K Existinggatevalve
g
X

LY

Figure 3.1.14 Sub-zoning of DMA 3
The materials required for the construction of DMA3 and subzones are as follows.

Table 3.1.15 Material for hydraulic isolation of DMA 3

ltems
Bulk Flow Meter (DN250)
Sluice Valve (DN250)
Sluice Valve (DN150)
Sluice Valve (DN80)
Flange Adaptor (DN250)
Flange Adaptor (DN150)
Flange Adaptor (DN80)
PVC Pipe DN160 (for Valve DN80)
PVC Pipe DN160 (for Valve DN150)
Surface Box 150x150x100 (for Valve DN80)
Surface Box 150x150x100(for Valve DN150)
Precast Chamber Set

Q
<

(7]

—|e
NMINCIE IR E S ENTRIII S S
a-—o-
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Table 3.1.16 Basic Information of subzone in DMA 3

Subzone No. Number of Extension of General situation
connections distribution
pipes (km)
1 657 2.2
3 3.5
2 250 3.7
4 216 2.1
Total 1,123 11.5

(3) 1st Step Test

The 1% Step Test in DMA 3 was conducted on October 8th, 2020.

Step Test Result DMA 3

(October 8th, 2020)
l V1a & Vib Close | | V2 Close ‘ l V3a & V3b Close | l V4 Close |

I R

Inflow in each subzone
Subzone 1: 4.9 L/min
Subzone 2: 102.0 L/min
Subzone 3: 3.3 L/min
Subzone 4: 98.3 L/min

- Q,,=218.3L/min Q,, £213.4L/min
— Inflow Inflow
£ Subzonhe 1 Subzpne
R STV ey
Inflow Inflow
Subzone 3 Subzone 4
Q,,,i=9.8L/min
& & & & & & F & & & & &
& & £ * £ o & ) & el i
& R - & »&P 4 159 & W3 X o o ,‘:P 5 'fp 3

Figure 3.1.15 Result of 1st Step Test in DMA3
Table 3.1.17 Evaluation of subzone with MNF/km in DMA 3 (Before activities)

Zone ID Inflow Volume Pipe Length Evaluation Indicator Prioritization
Subzone 1 4.9 L/min 2.18 km 2.25 L/min-km 3
Subzone 2 102.0 L/min 3.67 km 27.79 L/min-km 2
Subzone 3 1.9 L/min 3.51 km 0.54 L/min-km 4
Subzone 4 99.4 L/min 2.04 km 48.73 L/min-km 1

Table 3.1.18 Evaluation of subzone with MNF/connection in DMA 3 (Before activities)

Zone ID Inflow Volume No. Customer Evaluation Indicator Prioritization
Subzone 1 6.8 L/min 657 0.01 L/min-con 3
Subzone 3
Subzone 2 102.0 L/min 250 0.41 L/min-con 2
Subzone 4 99.4 L/min 216 0.46 L/min-con 1
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(4) Leak Detection and Repair Work
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Table 3.1.19 HH Survey & Road Surface Survey in DMA3

ltems Result
Subzone 4 Subzone 2
No of customer targeted by H-H Survey 216 250
Suspicious leak point detected by H-H Survey 19 8
Suspicious leak point detected by Road Surface Survey 9 12
Total point of suspicious leakage 28 20
Comparison High Middle
Number of repaired leak 13 12
."/'/‘/
o -
/4 s 8 Subzone 1
e ‘\__\"__,,/‘:'.' J," s
1 4 / ot Closed valve

Subzone 2

@  Suspicious Leak Noise (H-H Survey) [

Suspicious Leak Noise (Road Surface Survey) i

Figure 3.1.16 Map of Suspicious Leakage Points

(5) Monitoring of Minimum Night Flow

The materials required for the construction of DMA 3 and subzones are as follows.

In DMA 3, an electromagnetic flow meter is installed in the inflow section, and the flow rate

can be monitored by counting the electric signal transmitted every 100L of water flow.

The installed system records the number of pulse signals generated during a certain period

of time in a data logger and sends it to a Web server via a 3G network.

The transmitted data can be confirmed on the Internet by the service provided by the

manufacturer of the data logger.
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OIC Panadura DMA3 Phone: 50589190810 Site ID: _site_2197 From: 10Apr2021 23:30 To: 17TApr2021 23:30 (15 Mins)

Display time is GMT+5.5.
— €1 Pressure (m) —— C2 Flow (Im)
40 1,200
35 |
| I 1,000
30 |
| I | 800
= 25 :
E . :
E I I { =
§ 20 i 600 _E
B \ [T
o 15
400
10
200
5
Lo?“mt 1200 g 122021 12:00 Agr 13,2021 1200 g 142021 1200 gt 15,2021 1200 Apt 16,2021 1200 Apt T 1200 Age 172021 0600

Figure 3.1.18 Monitoring Screen of Web Browser

(6) 2nd Step Test in DMA 3

Step Test Result DMA3

(May 19th, 2021)
Inflow Volume
[ viagvibciose | [ v2ciose | [ vaa& vabciose | | va close |
300 T —T1—T l T
| Inflow in each subzone
pLY . A ] 1 L 1L 11 1 - Subzone 1:53.9 L/min
Subzone 2: 48.2 L/min
- R 3| Subzone 3: 71.4 L/min
Q"-FH?'EL‘ min §| \ Subzone 4: 46.9 L/min
— 0 &
E | Inflow - r
= | subzone 1 |_#/ Since V3b has a problem, the
@ | —tea.bi/min | T inflow 523 should be lar or
= O"’"‘,rf:fumm N (. 1 [ - thanyrd i |
; Subzdne i 1 And the i nﬂo.b\r 524 s!'!quld be
2 =T = smaller than 46.9 L/min.
£ 100 1 Q“'“zl.zl"‘.‘Lfmm - ! - 4 - !
Inflow
Subzpne 3 L\
50 f—t—o, 1| | Y I | N PR [ [ v | .MI"’\A
Q,=50.0L/min T
Inflow
Subzorie 4 |§ |
0 Q,,,=3.1/min
g #@ﬁ@#s@ﬂ?.@'@ w? PPRAPFR SRR SRS P PP
& e';' FEIS TSI FIIITF ISP IFI ST

Figure 3.1.19 Result of 2nd Step Test in DMA3
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Pressure (m H,0)

Case Study of Pilot Site Activity

Pressurein each subzone

m—rllet point  ==—Sybzone 1 Subzone 2 e==Subzone 3 e==Sybzone 4

| Vla & V1b Close ‘ [ V2 Close ] | V3a & V3b Close ‘ | V4 Close |

l l l !

V3b has a problem and
was not closad completely.
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Figure 3.1.20 Pressure Monitoring during the 2nd Step Test in DMA

Table 3.1.20 Evaluation of subzone with MNF/km in DMA 3 (After activities)

Zone ID Inflow Volume Pipe Length Evaluation Indicator Prioritization
Subzone 1 53.9 L/min 2.18 km 24.72 L/min*km 1
Subzone 2 48.2 L/min 3.67 km 13.13 L/min-km 4
Subzone 3 71.4 L/min 3.51 km 20.34 L/min-km 3
Subzone 4 46.9 L/min 2.04 km 22.99 L/min-km 2

Table 3.1.21 Evaluation of subzone with MNF/connection in DMA 3 (After activities)

Zone ID Inflow Volume No. Customer Evaluation Indicator Prioritization
Subzone 1 125.3 L/min 657 0.19 L/min-con 3
Subzone 3
Subzone 2 48.2 L/min 250 0.19 L/min=con 2
Subzone 4 46.9 L/min 216 0.22 L/min-con 1

MNF by subzone

2a Before 2183
T B After 2235

E Before 98.3

S ate NN <o

? Before 33

2 ate I 7

® Before 102.0

2 ate N s>

E Before 49

% After 539

w

0 50 100 150 200 250
L/min

Figure 3.1.21 Difference of MNF in DMA 3 (Before/After)
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MNF/pipe length by subzone

o . Before 19.15
E )
wC After 19.61
-t
¢ Before 48.19
E}
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™
o Before 0.94
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w
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[
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w
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g
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w
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Figure 3.1.22 Difference of MNF/pipe length in DMA 3(Before/After)

(7) Evaluation of Leakage Reduction Activity
1) Analysis of Leakage Reduction

From the results of the step test conducted on October 8, 2020, it was found that the
priority of water leakage countermeasures in subsectors 1 and 3 was low. On the other hand,
it was considered necessary to focus on measures against water leakage in sub-sector 2 and

sub-sector 4.

After implementing leak reduction activities in these two subzones, the minimum night flow
(inflow of each subzone) has been reduced to 47% in both subzones. This is considered to be

the result of focusing on leak detection and leak repair.

However, from the time of the 2nd step test, the increasing tendency of water inflow in

subzone 1 and subzone 3 was observed on the monitoring data.

In subzone 1 and subzone 3, it was initially evaluated that the suspicion of water leakage was
low, so no water leakage countermeasures were implemented. However, in all of these

subzones, the MNF rate has increased significantly.

As a result of a patrol survey immediately after the step test, a new leak was confirmed in

subzone 3.

The second step test was conducted approximately 7 months after the first implementation
date. After such a long period of time, new water leaks and changes in nighttime water

usage due to seasonal changes appear.
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2) Necessity of Additional Leakage Reduction

Leakage is considered to be a major factor in the increase of MNF rate in subzone 1 and
subzone 3. Therefore, the severity can be judged by comparing the entire DMA using the

evaluation index "MNF / pipe length ".

The indicator (L/min-km) of the entire DMA is almost unchanged before and after the

activity, and is in the range of 18 to 20 L/min=km.

At the start of the activity, the indicator value in subzone 2 and subzone 4 was 46.81 L/min-
km and 27.57 L/min=km respectively, which greatly exceeded the average value of the entire
DMA. Therefore, it is clear that the need for water leakage countermeasures in these two

subzones was extremely high.

On the other hand, the current MNF rates of subzone 1 and subzone 3 have increased
significantly from October 2020, and its value of L/min=km also exceeds the value of entire
DMA.

Although the excess width based on the overall average of entire DMA is not as large as that
of subzones 2 and 4 before the start of activities, at the time of the step test, it was
confirmed that water leakage occurred in subzone 3. Therefore, it is recommended to

investigate the remaining subzones by road surface sound survey.
3) Analysis of Minimum Night Flow

The changes in MNF rate from April 1%, 2021 to May 31%, 2021 are as follows.

Monitoring of MNF in DMA 3 o Mumber of Leak Rapair

(14
’ tee of o

This increase of MNF is
due to new leakage in SZ3

400 Average of MNF: 275 Limin

MNF on May 26th
200 Limin

Figure 3.1.23 Fluctuation of MNF in DMA 3
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The MNF in early April 2021, when full-scale leak repairs began, fluctuates greatly from day
to day. In addition, while the leak repair was carried out in subzone 2 and subzone 4, it was
considered that a new leak might occur in other subzones. And it is extremely difficult to

estimate the amount of water leakage reduction from MNF rate of the entire DMA.
4) Estimation of reduced volume of leakage

Considering the above-mentioned result, in this pilot activity, the effect of leakage reduction

activity should be evaluated only from the results of step test in subzone 2 and subzone 4.

Comparing the MNF rates for each subzone from the results of the step test, it can be
confirmed that the inflow rate decreased by 53.8 L/min in subzone 2 and 51.4 L/min in
subzone 4, for a total of 105.2 L/min.

We assume that this reduction in MNF of 105.2 L/min corresponds to the amount of leak
reduction in the two subzones where the leak repair was performed, and analyze the cost

effectiveness from this value.
(8) Calculation of Reduced Leakage Volume

The amount of water obtained in the Step Test is the value at midnight when the water
pressure is the highest, so in order to convert it into the daily average value, it is necessary to

take into account the fluctuations in water pressure during the day and correct it.

The amount of water leaking from a single hole is highest at midnight when the water
pressure is high, and is low during the day when the water pressure is low. This relationship
is shown as follows. The coefficient N depends on the size and shape of the leak hole and the

material of the pipe.

The relation between pressure and leakage volume is shown as follows. The coefficient N

depends on the size and shape of the leak hole and the material of the pipe.
Pressure

Pressure

I Leakage i Leakage
volume volume

Q1 Qq= (Py/PyN

Leak from small orifice: N=0.5
Leak from crack of pipe or flange joint: N=1.15

Figure 3.1.24 Relation between leak volume and pressure
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In DMA3, the water pressure can be monitored remotely. The pressure fluctuation between
May 1st and 7th is as shown below:

Pressure Data at Inlet of DMA 3
(May 1st - 7th, 2021)

Pressure (m)
5 B 8 & &

in

o

Figure 3.1.25 Pressure Fluctuation in DMA 3 (Inlet Point, May 2021)
The results of arranging this change in water pressure by the average value every 6 hours are

as follows.

Average Water Supply Pressure in DMA 3 Inlet
(May 1st - Tth, 2021)

[T )
LR =T ¢ ]

31.80

= NN W
o o o

wn

15.50

Water Head (m)

11.95 11.26

(=]

o w»

0:00-6:00 6:00-12:00 12:00-18:00

Time range

18:00-24:00

Figure 3.1.26 Fluctuation of Water Pressure in DMA3 Inlet (Average by time range)

The results of converting 105.2 L/min, which is the amount of water leakage reduction
confirmed by the step test, into the daily average value are as follows. The effect of water

leakage reduction was 76 L/min.

Table 3.1.22 Calculation of leak volume as an daily average value

Time Range
[tems Average
0:00-6:00 6:00-12:00 12:00-18:00 18:00-24:00
Pressure (m) 31.80 11.95 11.26 15.50 17.63
Proportion (P,/P,) 1.00 0.376 0.354 0.487
(P,/Py)%® 1.00 0.613 0.595 0.698
Flow rate (L/min) 105.20 64.49 62.59 73.43 76.43

P,: Pressure at base time range

Po: Pressure at target time range

Leakege volume = Flow rate at base time range x (P,/Po)®®
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However, the above value is a value estimated from the change in the MNF rate. In order to
confirm the certainty of the estimation, it is necessary to compare the actual decrease in the
amount of non-revenue water. Therefore, continuous monitoring of non-revenue water is

important.
(9) NRW Monitoring in DMA 3

The changes in non-revenue water since September 2020 are as follows.

Distributed Water and Billed Waterin DMA 3

mmm Distribution volume (m3) == Monthly billed water (m3)
~a—NRW ratio on monthly average basis (%) =@-NRW ratio on daily average basis (%)
50,000 50
45,000 45
40,000 40
35,000 35
30,000 30
m3
25,000 25
20,000 20
15,000 15
10,000 10
5,000 5
0 0
092020 10/2020 11/2020 12/2020 01/2021 02/2021 03/2021 04/2021

Distribution volume (m3) 34,420 28,260 29,700 30,500 30,990 28,720

Maonthly billed water (m3) 19,748 19,295 24,150 20,466 25,049 20,885

Manthly NRW {rmifmonth) 14,672 8,961 5,550 10,034 5,541 7,835 0 0

NRW ratio on monthly average basis (%) 426 L7 18.7 EFE:] 19.2 27.3 00 0.0

NRW ratio on daily average basis (%} 35.0 385 187 30.7 16.5 321 0.0 0

Figure 3.1.27 NRW ratio in DMA 3

Since it is difficult to accurately match the meter reading interval of the customer meter with
the meter reading interval of the bulk meter, the average value of NRW for the past 5

months is calculated as follows:

Assuming that leak repairs in subzones 2 and 4 reduced an average daily leak of about 76.4

L/min, future NRW is expected to be about 174.1 L/min (7,521 m3/month).

Table 3.1.23 Distribution volume and NRW

ltem | Cumulative value | Average value | Remarks
Before Repair Work
Distributed water 182,590 m® 700.5 L/min 181 days
Billed water 129,597 m® 450.0 L/min 180 days
NRW volume 52,993 m? 250.5 L/min
NRW ratio - 35.8 %
After Repair Work (Hypothetical Estimation)
Distributed water - 524.1 L/min Expected value
Billed water - 450.0 L/min
NRW volume - 174.1 L/min Expected value
NRW ratio - 279 %
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3.1.3 DMA 6

The input volume was determined by the difference between inflow in this area and outflow from
this area measured simultaneously. Prior to conducting the step test, it was confirmed to perform
well. Since there are 500mm distribution main and many branch pipes in DNA 6, each branch line is
considered as a sub-zone. Step test was carried out by closing valves at branch lines. The suspicious

areas were identified.

(1) Outline of DMA 6

ENHANCEMENT OF OPERATIONAL EFFICIENCY AND ASSETS MANAGEMENT CAPACITY PROJECT
REGIONAL SUPPORT CENTRE WESTERN SOUTH, NATIONAL WATER SUPPLY & DRAINAGE BOARD, SRI LANKA

Figure 3.1.43 Sub-zoning of DMA 6 (1 of 3)
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=

)

Figure 3.1.45 Sub-zoning of DMA 6 (3 of 3)
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Table 3.1.34 Basic Information of subzone in DMA 6

Subzone ID. Number of Valve ID to Extension of General situation
connections isolate subzone distribution
pipes (km)
Subzone 6-1 - V6-1 0.818
Subzone 6-2 - V6-2 1.717
Subzone 6-3 - V6-4 0.444 Subzone 6-3 is isolated
V6-5 0.521 by closing 2 valves.
Subzone 6-4 - V6-7 1.228 Subzone 6-3 is isolated
V6-8 0.617 by closing 3 valves.
V6-9 1.102
Subzone 6-5 - V6-16 2.305
Subzone 6-6 - V6-10 1.024
Subzone 6-7 - V6-11 0.620
Subzone 6-8 - V6-12 1.343
Subzone 6-9 - V6-13 0.835
Subzone 6-10 - V6-14 0.884
Subzone 6-11 - V6-15 0.468
Galle Road - V6-3 1.475
DN160 Main
Tank-Galle Road None 1.320
DN500 Main
Total - 15.401 -

(3) 1st Step Test

The 1% Step Test in DMA 6 was conducted on May 21th, 2021.

Step Test Result DMAG
(May 21th, 2021)

= |nflow Volume
V6-1 Close V6-16 Close V6-11 Close
I V6-2 Close ‘ | V6-7/V6-8/V6-9 Close VE-12 Close l V6-14 Close l I V6-3 Close |

| 6-4/V6-5 Close l V6-10 Close I | V6-13 Close w | V6-15 Close w
1.00K h 4 l l

G Unreliable inflow Inflcw in each subzone
Q,, ..:S39.3L;’rnin SZ6-6: valve trouble is observed.
Q.= W 576-9&108&11:interconnected SZE 8: 23 2 L/min

$Z6-9:184.0L/min
=101 21 /mi

Qt=353.8Umin | | Q| :550,4“("“% ---------- o

z Inflow in each subzone I " i
= §26-1:35.7Lmin LU LT LT T Pa=t=t=fakE u Mt
~ 0300 526-2:68.8 L/min mEE . 1 Ba=285: 9t min X Y LR E
526-3: 4,1 L/min Q,(=293.8L/min
L e SZ6-5:20.4 L/min |

The cause of remaining flow "293.8L" seems to be outlfow
§Z6-4:154.5 L/min i =iy : : i
0.100 e to adjacent south area via unclosed valve at the end point
TR A (DM300) and some amount of inflow to DMA2,

0.000

PRI AT T PP TERIIFIFIFITIEET

'\-‘ "

Figure 3.1.46 Result of 1st Step Test in DMA 6
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Pressurein each subzone

= Subzone 6-1 —Subzone 6-2 Subzone 6-3
—Subzone 6-4 (V6-7) =—Subzone 6-5 ——Subzone 6-4 (V6-8/9)
wm—Subzone 6-6 —Subzone 6-11 m—Subzone 6-9
V6-1 Close | V6-16 Close V6-11 Close
| VE-2 Close ‘ V6-7/V6-8/V6-9 Close | I V6-12 Close | | V6-14 Close | I V6-3 Close |

5] fu—

l V6-4/V6-5 Close | l | V6-10 Close | ll V6-13 Close | l | V6-15 Close q

40 &

Pressure (m H,0)
=3

10 |

0

by ‘\'

[Observation]

Q@%@Q@h&@@é’&@@@@@@@@&@@@@@@&@@@
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Figure 3.1.47 Pressure drop in DMA 6

» Valve V6-10 to isolate the subzone 6-6 was not closed completely, so the inflow value

to the subzone 6-6 is not reliable.

» The cause of remaining flow (293.8 L/min) seems to be outflow to the adjacent

southern area, since the existing valve of the endpoint may not be closed completely.

» The pressure drop after closing the valves V6-13 and V6-14 is observed with 10

minutes of delay. This means that the sub-zone 6-9, 6-10 and 6-11 are mutually

interconnected.
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Table 3.1.35 Evaluation of subzone with MNF/km in DMA 6 (Before activities)

Zone ID Inflow Volume Pipe Length Evaluation Indicator Prioritization
Initial

Subzone 6-1 35.7 L/min 0.82 km 43.5 L/min-km Middle
Subzone 6-2 68.8 L/min 1.72 km 40.0 L/min-km Middle
Subzone 6-3 4.1 L/min 0.96 km 4.3 L/min-km Low
Subzone 6-4 154.5 L/min 2.95 km 52.4 L/min-km Middle
Subzone 6-5 20.4 L/min 2.31 km 8.8 L/min-km Low
Subzone 6-6 -4.6 L/min 1.02 km -4.5 L/min-km Low
Subzone 6-7 -2.7 L/min 0.62 km -4.4 L/min-km Low
Subzone 6-8 23.2 L/min 1.34 km 17.3 L/min-km Low
Subzone 6-9 184.0 L/min 0.84 km 116.0 L/min-km .
Subzone 6-10 1.2 L/mlp 0.88 km (Sée Note 1) High
Subzone 6-11 68.8 L/min 0.47 km

G?D”flfé%ad -7.9 LUmin 1.32 km -5.34 L/min-km Low
G%”ﬁs%%ad 293.8 L/min 1.45 km See Note 2 Low

Note 1: Subzone 6-9, 6-10 and 6011 were interconnected.

Note 2: The cause of remaining flow (293 L/min) seems to be outflow to adjacent southern area.

3.2 Collection of customer information

Once the DMA has been hydraulically separated and sub-sectors have been constructed, the

customer information in each sub-zone should be clearly indicated in the drawing.

The information arranged here is not only indispensable for the calculation of non-revenue
water, but also important for estimating the apparent loss that is a loss other than water

leakage.

»  Customer number
Customer category

Date of meter installation
Serial Number of meters
Nominal diameter of meter
Manufacturer of meter

Diameter and material of service connection pipe

YV V.V V V V V

Meter reading record during last 12 months (Monthly water use, Accumulated
reading value)

> Billing record during last 12 mouths
Regarding the amount of billed water, the department in charge shall adjust this so that the

data can be shared monthly with the leakage reduction activity team.
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3.3 Measurement of water distribution and water pressure

3.3.1 Measurement of Minimum Night Flow (MNF)

An ultrasonic flow meter and a water pressure data logger shall be installed at the target DMA

inflow point, and the flow rate and water pressure will be measured for at least 24 hours. The

MNF Measurement Method is a method of grasping the consumption water volume in the

network at night when the water use on the user is small. This measured volume will be an

approximate value of the leakage that has occurred in the network.
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Figure 3.3.1 Minimum night flow and vacant time of water use
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The work of grasping how the amount of water distribution in the DMA is distributed and

estimating the degree of deterioration of the pipeline that produces many leaks is called “Step

Test”.

The step test has the effect of running out of water in the entire DMA, so it must be

performed during the time when water use is the least.

Generally, the core time of measurement is from 1:00 to 4:00 midnight, and the time before

and after is also used for measurement depending on the actual conditions of water use in the

area.

Subzone 4 Subzone 2

@ Bulkmeter

® Pressure Logger/Manometer Subzone 3 e

Vv,
Inflow Chamber ° Pt l P,
- /T g ©

Subzone 1

M  Gate Valve

Inflow volume in DMA

1

Close V,

L

Close V,

1

Q1: Inflow volume in Subzone 1

Q2: Inflow volume in Subzone 2

Q3: Inflow volume in Subzone 3

A\

Close V, ﬂ .

Close V, Q4: Inflow volume in Subzone 4
A 4
Time
Water pressure in each subzone
Close V;
Close V.
2 CLose V,

{

ClLose V,

Time

Figure 3.3.2 Imagen of Step Test procedure

In MNF measurement and Step Test, flow rate fluctuations must be recorded at minimum 10-
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second intervals, so a flow meter with the following functions is required, such as "Ultrasonic
Flowmeter" or "Electromagnetic Flowmeter (with pulse generator)".

Flow rate can be measured at intervals of at least 10 seconds.

Being capable of logging instantaneous flow rate and cumulative flow rate.

Being capable of measuring in the low flow rate band.

In the case of an ultrasonic flow meter, the accuracy may be greatly reduced at a minute flow

rate of 0.3 m/sec or less.

A general bulk flow meter with impeller cannot measure an instantaneous flow rate, and has
a slow response speed to a flow rate fluctuation, so that it is impossible to determine a vacant
time of water use. Therefore, this type of flow meter is used for long-term monitoring of water

distribution and for analysis of daily or monthly fluctuation of inflow rate.

In the step test, an ultrasonic flow meter is installed in the inflow chamber, and the valve
operation of each sub-sector is performed while monitoring the MNF rate (Qmns). It is necessary

to record the valve operating time and the measuring time required for the judgment.

In addition, the unit of flow rate should be unified so that the analysis will not be confused

even if the measurer is different.

Secure a connection for water pressure measurement on the inflow pipe, and record the

water pressure at the time of testing with a data logger.

Free straight section Tapping saddle & Ball valve
for Ultrasonic Flowmeter for pressure measurement

Bulkmeter with
Real-time Flow Display

10 x Di’ameiier i 5 x Diiameter

Figure 3.3.3 General equipment at Inlet of DMA

The timing of closing the subzones must be carefully considered in advance, but the

measurement time of one subzone should be maintained for 10 minutes or more.
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One or more water pressure data loggers should be installed in each subzone to record water

pressure fluctuations during the step test.

The sub-sector where the water pressure does not reach zero after the valve is closed

indicates that hydraulic independence is incomplete.

3.3.3 Measurement of water supply pressure

When performing water pressure measurement at multiple points in the area, record the

continuous water pressure fluctuation for about one week including the step test period.

By grasping water pressure fluctuations during normal times over a long period of time, it is

possible to judge whether there occurs an abnormality of water pressure during a step test.

In the water pressure survey, data loggers are used to simultaneously measure water pressure
changes at multiple points. By showing the result as a water pressure distribution map, it is
possible to grasp the area where the water pressure is insufficient in the area and to estimate

whether there is a problem in the capacity of the pipeline.

In addition, the amount of water leakage estimated from the minimum flow rate at night is
the value in the late-night hours, so it is necessary to consider the daily water pressure
fluctuations and correct it in order to calculate the amount of water leakage of the average

daily value
Water pressure surveys are important because they enable such a wide variety of analyses.
(1) Pressure measurement with data logger

A port for pressure measurement should be provided in the DMA inflow pipe using a tapping

saddle and a ball valve (incorporation valve).

RS

pleleix] ) @l®y) b R 4 @
O T —

el e B el et e Ll

e
M) Do st s | IR e s v 4750 5w

Figure 3.3.4 Installation of pressure data logger
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(2) Logging interval

Since the water pressure fluctuates according to changes in the amount of water in the
distribution network, it is necessary to set an appropriate interval according to the purpose

of measurement.

Table 3.3.1 Recommended interval for each purpose

Logging Interval Purpose

1sec Suitable for observing instantaneous water pressure
fluctuations. Especially analysis of water pressure
fluctuations and water hammer pressure in pump water
pipes, etc. There is also a high-precision Logger that
can record in 1/100 second.
10sec Suitable for detailed analysis of water supply pressure
in DMA. |t is also possible to estimate the household
use hours and usage patterns from water pressure
fluctuations, and it will be the basic data for considering
the renewal of the pipe network.
1min Suitable for monitoring water pressure fluctuations in
the distribution network.
If there is a large fluctuation in units of 1 min, shorten
the interval and measure again.

(3) Drawing of water pressure measurement results

The measured value is visually displayed as follows.

O Pressure Measurement Point “//_/’ = ‘, v Maximum[:la] 206m
e = Minimum: 10.4m
\ [3b] ; Average: 20.3m
\ Maximum: 26.1m : Subzone 1 S [1b]
Minimum: 0.0m ¢ 9% Maximum, 343m
\ _____ _ SSTp—— \\\/A:/erage: Gf n A / Minimum: 25m
y C ”r',‘Y A\ Average: 13.5m
b \ r— — A
P = 1 2 W P
: ] s 4
i Subzone 3 - -
[3a] :
- ‘ Maximum: 34.4m y » p Subzone 2
i ? Minimum: 2.4m % b, )'X\
k — . | Average: 153m | \U > ¢ o]+ e 3 ] \
T ¢ : ~ 7. [2b]
T ; 3 , 7 € N Maximum: 27.1m
Y * e e ; ! s 0 Minimum: 0.0m
s Average: 6.7m
[Main Inlet] | i -~ - ‘ 2 ; /
Maximum: 32.8m i 1 )y - oW,
Minimum: 45m A\ o Al * L [2a]
Average: 13.8m | ; = Av T g Maximum: 34.6m
T R, P Subzonea B3 ‘ \i ¢ : Minimum: 3.0m
7 —L, pj I | I N > Average: 152m

[4a] e RN : S i
Maximum: 451m | » e : | Maxi [flb] 49.0
Minimum: ~ 11.4m 7 St Ty Vaximum: Lm

Average: 25.8m Minimum: 33m
R Average: 142 m
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Figure 3.3.5 Pressure distribution map (Example)

The pressure distribution map allows us to understand the following situation:

>

>

Where is the water pressure during the daytime less than 10 bar?
Which route has a high maximum water pressure and a high risk of water leakage?

Where is the area where the water pressure is low even though the pipe diameter is

sufficient?

Where is the area where the water pressure fluctuation during daytime and

nighttime is large and the water supply demand is large?

3.3.4 Trend analysis of water pressure fluctuation

Using the measured water pressure data, the water pressure fluctuation for each time zone is

summarized as follows.

This is the key data used to estimate the actual amount of leak reduction
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Average Water Supply Pressure in DMA 3

(DMA Inlet on August 29, 2020)

Water Supply Pressure in DMA 3
m-H,0 (DMA Inlet on August 29, 2020) e OMA It
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Figure 3.3.6 Water pressure fluctuation pattern (DMA 3)

3.4 Setting the base line data

18:00-24:00

Based on the results of the Step Test and the MNF measurement, set the baseline data before

starting water leakage reduction measures.

The results of the step test and baseline data for DMAS, which has already been conducted,

are as follows. New DMA activities will be performed in the same procedure.

Table 3.4.1 Result of Step Test in DMA5

Subzone Time Flow Average value Length of pipe | Average volume of
of drop-down (km) drop-down / km
L/min m3/h (L/min) (L/min-km)

MNF (Base Line) *k**am | 380.64 22.84

Step 1 *kk*am | 304.60 18.28 76.04 19 40.0
Step 2 *kk*am | 235.70 14.14 68.90 2.1 32.8
Step 3 *kk*am | 218.13 13.09 17.57 2.5 7.0
Step 4 *kk*am | 174.93 10.50 43.20 1.7 25.4
Step 5 *k*am | 157.51 9.45 17.42 1.3 13.4
Step 6 kK% am 98.70 5.92 58.81 19 31.0
Step 7 k% am 53.95 3.24 44.75 1.0 44.8
Step 8 R am 0.00 0.00 53.95 2.5 21.6

14.9
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Figure 3.4.1 Sub zoning of DMA5

Here, if the current potential leakage is close to Qmnf, consider what level should be targeted

for reduction.

[Unavoidable Annual Real Losses in DMA 5]

UARL (L/day)

= (18%xLm + 0.8xNc + 25xLc) x P = (268.2 + 1792.8 + 168.075) x 25

= 55726 (L/day) = 38.7 (L/min)

Lm : Total extension of distribution pipe (km) = 14.9 km
Nc : Number of service connection = 2,241
Lc : Total extension of service connection pipe (km)

= 0.003 km/connection x 2241 = 6.723
P : Average pressure (m H,0) = 25 m as water head

In the above calculation, the allowable water leakage of DMAS is 38.7L/min, and the recorded

Qmnf is equivalent to 10 times the allowable water leakage.

Distributing this allowable amount of water leakage at the rate of extension of pipelines in

each subzone is as follows.
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Table 3.4.2 Leakage amount and priority of subzone

Subzone Inflow Length of pipe UARL “Inflow volume” Criteria
volume (km) (%) (L/min) / “UARL” 10=e: High
(L/min) 5<e<10: Middle
a b C d=a*c e=a/d e<5: Low
Sub 1 76.04 1.9 12.8 4.9 15.5 High
Sub 2 68.90 2.1 14.1 5.5 12.5 High
Sub 3 17.57 2.5 16.8 6.5 2.7 Low
Sub 4 43.20 1.7 11.4 4.4 9.8 Middle
Sub 5 17.42 1.3 8.7 3.4 5.1 Low
Sub 6 58.81 1.9 12.7 4.9 12.0 High
Sub 7 44.75 1.0 6.7 2.6 17.2 High
Sub 8 53.95 2.5 16.8 6.5 8.3 Middle
MNF (Qmnt) 380.64 14.9 100.0 38.7 9.8

When setting the priority of each subzone, pay attention to the ratio of the current inflow to

UARL, and evaluate it as high if 10 times or more and low if 5 times or less.

However, since the measured Qmnf includes the amount of water used at night to some extent,

it is difficult to uniformly set the above evaluation criteria.

Therefore, it is necessary to individually consider the evaluation criteria and activity target

values based on the results of the step test of each DMA.

3.5 Estimation of apparent losses

The apparent loss mainly consists of the following three, but this project deals only with the

error of the meter body.

> lllegal water use

> Error of meter reading and data input

> Error caused by inaccuracy of meter

3.5.1 Instrumental error of water meter

The instrumental error of a water meter is the value obtained by subtracting the true value

that should be indicated from the value indicated by the measuring instrument, and is

expressed as a percentage by the following calculation formula.

E (%) =

Vwmse - Vec

Vec

Vwmep : Water volume recorded by water meter

x 100

Vec : Water volume measured by a standard tank
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As an example, the instrumental error of a water meter DN15mm is explained below using ISO-

4064 Class B and Class C as an example.

Table 3.5.1 Class of meter and standard flow rate for accuracy test

Symbol Description Classification by 1ISO 4064 for DN15mm
Class B Class C
Q1 Minimum flow 30 L/h 15 L/h
Q2 Transitional flow 120 L/h 22,5 L/h
Qs Permanent flow 1.5 m%h 1.5 m3h
Q4 Overload flow 3.0 m¥h 3.0 m¥h

The numerical values and units in the above table are the values set for each reference flow
rate, and the accuracy is confirmed by conducting a test in this flow rate band at the time of

manufacturer shipment.

3.5.2 Allowable meter error

Performance requirements are set for water meters.

The maximum flow rate that is guaranteed to be accurately measured is Qs, the minimum

flow rate is Qi, and the measurement range is expressed as R=Qs/Qj.

A meter with R=100 indicates that there is a 100-fold difference from a small flow rate to a
large flow rate, and if the meter has the same diameter, the larger the R value, the more

accurately the small flow range can be measured.

If the meter complies with the 1SO4064 standard, it guarantees an instrumental error of +/-5%

when Q1 = Q<Q; and +/-2% when Q2 =Q=Q, as the inherent error of the meter.

In other words, in the case of a Class B meter, if the error is within +5.0% when the flow rate
range is between Qi and less than Q, and within £2.0% when the flow range is between Q; and

Q4, the meter is approved as a shipped product.
On the other hand, for a meter that is in use by customer, twice the above error is allowed.

Therefore, if Q:=Q<Q; is within +/-10% and Q;=Q=Qq is within +/-4%, it is determined that

the meter in use does not have any problem.
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Figure 3.5.1 Instrumental Error Curve

3.5.3 Accuracy inspection of customer meter using electrical test meter

(1) Survey plan and equipment preparation
First, the target area and the number of cases, the number of investigators, and the

approximate survey period should be decided. For equipment, a portable electronic test

meter and standard tank (20 liters) will be prepared.

&8

Figure 3.5.2 Example of a test meter and a standard tank
(2) Type of inspection method

There are two methods for on-site meter inspection, but this Work Plan describes a simple

method.

It should be noted that all water meters have a permissible error, so a predetermined error

will occur even when inspected with an electronic test meter.

In order to perform meter inspection with higher accuracy, it is recommended to prepare a
standard tank whose volume is accurately measured with officially appropriate method in

advance, instead of using a potable reservoir, and compare the amount of water
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accumulated in the reference tank with the meter reading. ..

[Simple method]

Comparation between Meter

Reading and Registerd Volume
, on Electronic Meter
Flexible Hose

v Customer Meter Electronic Meter (TR-IV) | Water tap A
| for flow regulation

“wd
2
| ﬁ =
Pgtable Resgrvoir :
I Shut Off Valve

Inflow

Figure 3.5.3 Method of Inspection with Test Meter

The allowable error of the water meter is determined by the flow rate band.. Therefore, it is
necessary to adjust the amount of water for each flow rate zone for inspection, and an

electronic test meter is used to set this flow rate zone.
The meter body inside the test meter has the following specifications.
Aichitokei-Denki Electronic Meter: Model EDS-20 (DN20)
Q1: 0.040 m3/h (0.67 L/min)
Q2: 0.064 m3/h (1.07 L/min)
Qs: 4m3/h (66.67 L/min)
Q4: 5m3/h (83.33 L/min)

The error table of the instrument difference of the test meter shows the error at three points:
large flow rate (1,000 L/h), medium flow rate (200 L/h), and small flow rate (100 L/h), in the

factry pre-shipment inspection. Refer to the test result certificate in the meter box.

Table 3.5.2 Instrumental Error of Test Meter

Model: TR-IV Instrumental error by flow rate
Serial No. 1000L/h 200L/h 100L/h
(16.67L/min) (3.33L/min) (1.67L/min)

When confirming the accuracy of the meter in use, it is desirable to perform a test in the

following multiple flow rate bands, make corrections using errors close to the flow rate bands,
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Table 3.5.3 Example of meter test pattern

Step 1 Step 2 Step 3 Step 4 Step 5
Starting Flow Between Q1 Between Q2 Approx. Q3 Between 0.9*Q3
Qst & 1.1*Q1 & 1.1*Q2 & Q3
Image
Flow rate | 3L/h~10L/h 27~33L/h 108~132L/h Approx.600L/h 1350~1500 L/h
0.05~ 0.45~0.55L 1.8~22L/min | Approx.10L/min | 22.5~25L /min
1.66L/min /min
Total Test 5L 10L 20L 20L
Volume

(3) Test Procedure

1) Preparation of the Test Meter

1a. Remove the air from the meter so that the meter is filled with water.

1b. Secure a higher place than the main body in the middle of the outlet hose so that air

does not enter the hose when water is stopped.

1c. Close the test meter valve and check that there is no water leakage from the piping or

hose joint.

1d. Switch the LCD counter display to "Instantaneous Flow Rate Mode".

In instantaneous flow mode, a U is displayed to the left of the number. 4-digit display,

unit is L/min
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v {234

le. Fully open the Shut Off Valve of the test meter body and adjust it so that it is within
the flow rate range of the inspection target while changing the opening of the Water

Tap.

1f. After adjusting the flow rate to the specified range, fully close the Shut Off Valve on
the test meter body.

1g. Use of water from other taps in the residential area is prohibited during the

inspection.
2) Test procedure

Since the counter display was set to ”“Instantaneous Flow Rate Mode” during flow rate
adjustment in the preparation stage, change the display mode to “Trip Mode” or

“Cumulation Mode” before starting the test.

» The display of the counter changes when the L/min button is pressed for about 3

seconds.
»  Press the Total/Trip button to display zero reset in Trip Mode.
2a. Record the reading on the water meter before starting the test.

2b. Determine the amount of test water for each flow rate band. (Small flow: 10 Lts,
Medium flow: 10 Lts, Large flow: 20 Lts).

2c. Set the counter of the test meter to “Cumulation Mode” and reset to zero

2d. Simultaneously with the start of the test, open the valve of the test meter body and

start passing water.

2e. While checking the display on the test meter, close the valve on the test meter main
body at the moment when the predetermined amount of test water is reached to

stop water flow.
2f. Record the amount of water passing through with a test meter.

2g. Check the instrumental error (%) in the flow rate range indicated in the test meter

instrumental error report.,
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2h. Check the reading on the water meter and record the amount of water measured

within the above time.

2i. Calculate the instrumental error of the water meter by the following formula.

Water Volume measured Water Volume registered

by Customer Meter ) by Test Meter

Error (%) = x100
Water Volume registered by Test Meter

+ Instrumental Error of Test Meter

3.5.4 Aggregate meter accuracy inspection results

The test results are recorded in the table below.

Table 3.5.4 Format of test record

Meter ID

Step 1 2 3 4 5

Target test flow rate Starting Flow 30L/h 120 L/h 600 L/h 100%
(0.5 L/min) (2.0 L/min) (10 L/min)

Total test volume Variable 5L 10L 20L 20L

Initial reading of customer

meter

Final reading of customer

meter

Registered volume of
customer meter “A” (L)

Registered volume of
Electrical Test Meter “B” (L)

Test time (min)

Test flow rate of TR-IV
(L/min)

Difference of volume between
A &B(“A”-"B")

Error
((A-B)-B)*100 (%)

3.5.5 Meter reliability evaluation

Generally, the larger the cumulative cumulative value of the meter, the longer the years of use,
so that it tends to be aged and malfunction. By plotting the cumulative water volume of the
meter on the horizontal axis and the meter instrument error on the vertical axis, you can read

the accumulated meter value of the meter and the tendency of the generator difference.

If there is a high correlation between the accumulated flow rate value and the occurrence of

instrumental error, it is possible to determine when it is desirable to update the existing meter.
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Figure 3.5.4 Relation between cumulative water volume and instrumental error

3.5.6 Estimation of apparent losses

If all test results are plotted on a graph, it can be shown as follows.
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Figure 3.5.5 Distribution of instrumental error of customer meter
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The error of the existing meter differs depending on each flow rate band.

For households that use water in a large flow rate, the error near Qs has a large effect on the
amount of billed water. On the other hand, for low-income households who often use water in

a small flow rate, the error near Q; to Q, greatly affects the billed water.

As mentioned above, since the measurement error occurs depending on the band and
frequency of the actual water consumption of the household, it is necessary to investigate the
water consumption band of the household in order to estimate the influence of the meter

error on the billed water amount.

Therefore, when calculating the apparent loss of water due to meter error using a simple
method, use an error in the vicinity of Q2 (100 to 120 L/h), which is the band, for the typical

amount of water usage flow band.

Once the monthly NRW is calculated, the ratio of apparent loss and actual loss can be

estimated by the following formula.

By comparing the calculated actual water loss and the MNF rate, it becomes possible to grasp

the amount of water leakage remaining more accurately in the DMA.

Billed Water (m3/month) X Error (%) /100

Apparent Losses (L/min) =
Billing Interval (days) X 24 X 60 %1000

Real Losses (L/min) = Non-Revenue Water (L/min) -  Apparent Losses (L/min)

3.5.7 Determination of sample size

When considering the sample size under the following conditions, the statistical size is as

shown in the table below.
» Allowable error: 5%

» Confidence level: 95%
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Table 3.5.5 Table of sample size

Total number of Sample size Percentage against
customer meter in DMA (Number of meter) total number of meters
250 152 60.8%
300 169 56.3%
400 196 49.0%
500 220 44.0%
800 260 32.5%
1,000 280 28.0%
2,000 325 16.3%
3,000 345 11.5%
5,000 360 7.2%
10,000 370 3.7%
25,000 380 1.5%
50,000 385 0.8%
> 100,000 385 <0.4%

3.6 Leakage detection and repair

From the results of MNF measurement and Step Test, we can identify subzones that should be

prioritized in countermeasures, and proceed to leak detection and repair.

The general procedure for water leak detection is as follows.

[Step 1] House-to-house survey

¥

[Step 2] Road surface survey

¥

[Step 3] Pinpoint survey

3.6.1 Record of the leakage points

The surveyed locations should be shown in the drawings as follows.
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House to House Survey in Subzonel
- c A @®: Sounded point

—: Found line

4 suspect sounds *
are detected out of
159 connections. -

@®: Leak Location
—: Found line
| | Leak repaired

01 Leak sound
found after
surveyed all the
lines.

Identification Survey in Subzonel ®: Leak point
3 —: Found line
T' Leak repaired

Figure 3.6.8 Example of record of leakage detection
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3.6.2 Leakage repair work
(1) Preparation
Confirm the pipeline information of the leakage point found in the survey.

Investigate valves that can stop water flow on the target route.

Notify customers along the target route before repair.

YV V V V

Procure materials and equipment needed for repairs

(2) Repair work

Y

When a leak is repaired, the supervisor should check it and record the repair result.

» Prepare a measurement bucket so that workers can directly measure the amount of
water leakage

» If leaked water can be collected from the leak hole, measure the leak rate per minute.

» Record items are as follows.

Location, Type of pavement, Diameter and material of pipe, Installation depth of pipe,

Detail of leakage, Estimated cause, Amount of leaked water, Material used to repair,

Person responsible for repair, etc.

3.7 Measuring the effects of water leak repair
3.7.1 Minimum Night Flow (MNF)

An effective method for estimating the amount of water leakage existing in a certain area and
its severity is to measure the amount of water flowing into a hydraulically independent zone

and analyze the minimum night flow (MNF).

Although there is a certain amount of water used at night, it is considered that most of Qun¢ is
due to the amount of water leakage occurring in the sector, since the water demand of users is

the smallest.

The measurement time period is from midnight to 6:00 in the early morning, and the core

time of MNF analysis is generally between 1:00 and 4:00.

The MNF rate is often measured for the number of connections of about 500 to 1,000
according to the size of DMA. As an example, if the DMA can be divided into 5 sub-zones as

follows, a sub-zone with a large potential leakage can be identified by performing a step test.
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=3 Inflow pipe of DMA

===p  Route of pipes in subzones

Figure 3.7.1 Image of DMA and sub zoning

3.7.2 Calculation of amount of leaked water

The MNF rate measured in DMA includes the amount of water used at night and the amount of
illegal water used in addition to water leakage.

Especially when each household has a water storage tank and water is continuously stored at

night, MNF contains a considerable amount of water used, it is necessary to notify residents in
advance or secure closure of meter valves.

The breakdown of the amount of water contained in the MNF is shown below.

Minimum Night Flow (MNF)
N

Intermittante llegal Use

Intermittent Legal Use
(Sanitary Consume)

N\ WA

Constant Legal Use (Keeping water in reservoir)

Constant llegal Use

3 Leakage in customer's premises
Avoidable Leakage *|\ (Measured water by customer meter

/Unmeasured water in indetectable flow range)

Time Transition
Figure 3.7.2 Breakdown of MNF

The value of MNF will be gradually lowered by the leak detection and repair.
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The reduced amount of water leakage can be calculated by performing MNF measurement

and step test again when all the measures for water leakage have been completed.

MNF=59.3 L/min (3.6 m3/h)

AN -------------------------------- =5
%k -1.5 m3/h
Consume & others MNF=35.2 L/min (2.1 m3/h)
V/'\/v ﬁr/\/\/
—
Consume & others
Remaining leakage ‘i[—/\/\/
Remaining leakage
1st Test 2nd. Test
(March 13, 2019) (Aug 6, 2019)

Figure 3.7.3 Monitoring of Minimum Night Flow

In the example of DMA4, Qunf has decreased by 1.5 m3/h due to the leak detection/repair work,
and if the amount of water used does not fluctuate, it can be considered as the reduced

amount of leak.

However, this amount of water is the value at midnight when the water pressure is the highest,
so in order to convert it into the average amount of water per day, it is necessary to take into

account the fluctuations in water pressure during the day and correct it.

The relation between pressure and leakage volume is shown as follows. The coefficient N

depends on the size and shape of the leak hole and the material of the pipe.

Leak from small orifice: N=0.5
Leak from crack of pipe or flange joint: N=1.15
Pressure
Pressure
I ]
’ Leakage i », Leakage
vqume “ volume
Q
Night time Day time

Q1 /QO= (P1/P0)N

Figure 3.7.4 Relation between leak volume and pressure
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Here, assuming that the average water pressure of DMA is changing as follows, the daily

average value of the leakage reduction amount is calculated as follows.

Average Pressure at DMA for each time period

40.00
35.00
30.00
25.00
m 20.00 -
15.00 -
10.00 -

5.00 -

0.00

Average

24.04 m

0-6

6-12
Time period

12-18 18-24

Figure 3.7.5 Average water pressure by time period

Table 3.7.1 Calculation of prevented water leak

Time period
ltems Average
0:00-6:00 | 6:00-12:00 | 12:00-18:00 | 18:00-24:00
Pressure (m H,O) 37.41 12.67 17.77 28.29 24.04
Ratio (P,/P,) 1.00 0.339 0.475 0.756
(Py/Po)°® 1.00 0.582 0.689 0.869
Flow (m3/h) 1.50 0.87 1.03 1.30 1.18

Qx = (P«/P0)®® x Qo

|

Reduction of Q¢

!

Average volume of
avoided leakage

Qo: Water flow at a reference time band

Po: Pressure at a reference time band

Px: Pressure at a target time band

Calculating in the above example,

Prevented leakage at midnight:

Average volume of prevented leakage:

1.50 m3/h (at pressure of 37.41m H,0)

1.18 m3/h (at pressure 24.04m H,0)
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4 |CHECK] Evaluation of Pilot Activities

This chapter explains the CHECK of PDCA cycle. The activities done in the “DO” part are

analyzed, and its effectiveness and efficiency are evaluated.

4.1

Calculation of Cost-Benefit as a test case of DMA 3

This procedure is another test case in DMA 3.

4 1.1 Total Cost

Total cost consists of the following items.

(1) Personnel costs and machine costs related to DMA construction

Table 4.2.1 Breakdown of Personnel Cost

LKR. 176,470

Class Spent hour Unit Cost Total Cost Remarks
Daytime |  Nighttime
DN250 Valve Installation
EA - 18 604 10,872
Fitter - 9 300 2,700
Un-skilled - 45 250 11,250
Operator - 9 250 2,250
Sub total 27,072
DN80 Valve Installation
EA - 18 604 10,872
Fitter - 9 300 2,700
Un-skilled - 36 250 9,000
Operator - 9 250 2,250
Sub total 24,822
DN150 Valve Installation
EA - 18 604 10,872
Fitter - 9 300 2,700
Un-skilled - 45 250 11,250
Operator - 9 250 2,250
Sub total 27,072
DN250 Flowmeter Installation
EA 6 - 247 1,482
Fitter 6 - 182 1,092
Un-skilled 18 - 159 2,862
Operator 6 - 159 954
Sub total 6,390
Chamber Installation for Flowmeter
EA - 36 604 21,744
Fitter - 18 300 5,400
Un-skilled - 216 250 54,000
Operator - 18 250 4,500
Sub total 85,644
Pressure Drop Test
EA 4 - 247 988
Fitter 2 - 182 364
Un-skilled 4 - 159 636
Sub total 1,988
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Class Spent hour Unit Cost Total Cost Remarks
Daytime | Nighttime
Data Logging 7 days
EA 6 - 247 1,482
Fitter 4 - 182 728
Un-skilled 5 - 159 795
Operator 3 - 159 477
Sub total 3,482

(2) Machinery cost for DMA construction

Table 4.2.2 Breakdown of Machinery Cost

LKR. 208,324

Class Spent hour Unit Cost Total Cost Remarks
Daytime [ Nighttime
DN250 Valve Installation
Backhoe 2 2,370 4,740
DI Pipe Cutter 1 1,095 1,095
Water Pump 1 450 450
Generator 3kVA 9 958 8,622
Vehicle 1 day 2,500 2,500
Sub total 17,407
DN80 Valve Installation
Backhoe 2 2,370 4,740
Water Pump 2 450 900
Generator 3kVA 18 958 17,244
Vehicle 2 days 2,500 5,000
Sub total 27,884
DN150 Valve Installation
Water Pump 1 450 450
Generator 3kVA 9 958 8,622
Sub total 9,072
DN250 Flowmeter Installation
Backhoe 9 2,370 21,330
DI Pipe Cutter 1 1,095 1,095
Vehicle 1 day 2,500 2,500
Sub total 24,925
Chamber Installation for Flowmeter
Backhoe 18 2,370 42,660
Generator 3kVA 18 958 17,244
Vehicle 2 days 2,500 5,000
Boom Truck 2 days 12,800 25,600
Sub total 90,504
Pressure Drop Test
Data Logger 1 day 3,570 3,570
Acoustic bar 1 day 166 166
Vehicle 0.5 day 2,500 1,250
Sub total 4,986
Data Logging 7 days
Data Logger 9 days 3,570 32,130
Acoustic bar 1 day 166 166
Vehicle 0.5 day 2,500 1,250
Sub total 33,546
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(3) Material Cost for DMA construction

Initial Cost: LKR. 826,788

Depreciation Period: 38 years

Cyclic year of leakage reduction activity: 3 years (as assumption)

Cost: LKR.826,788/38*3=LKR.65,272

Table 4.2.3 Breakdown of Material Cost

Material Qty UnitCost | TotalCost | Remarks
DN250 Valve Installation
Sluice Valve DN250 1 84,700 84,700
Flange Adaptor DN250 2 24,596 49,192
Nuts & Bolts 1 5,145 5,782
Mastic Material 1 3,034 3,034
PVC Pipe DN160 1 2,354 2,354
Surface Box 150x150x100 1 6,630 6,630 151,692
DNB80 Valve Installation
Sluice Valve DN80 3 17,400 52,200
Flange Adaptor DN80 6 7,142 42,852
Nuts & Bolts 3 717 2,151
Mastic Material 3 1,096 3,288
PVC Pipe DN160 3 2,354 7,062
Surface Box 150x150x100 3 7,061 21,183 128,736
DN150 Valve Installation
Sluice Valve DN150 2 33,500 67,000
Flange Adaptor DN150 4 12,695 50,780
Nuts & Bolts 2 2,875 5,750
Mastic Material 2 2,105 4,210
PVC Pipe DN160 1 2,354 2,354
Surface Box 150x150x100 2 7,061 14,122 144,216
DN250 Flowmeter Installation
Waltman Flow Meter DN250 1 78,800 78,800
Flange Adaptor DN250 2 25,391 50,782
Nuts & Bolts 2 5,781 11,562
Mastic Material 1 2,900 2,900 144,044
Chamber Installation for Flowmeter
Precast Chamber Set 2 Nos 123,950 247,900
Quarry Dust 1 Cu 8,400 8,400
Cement 2 bags 900 1,800 258,100

(4) Personnel cost related to water leakage detection

Table 4.2.4 Breakdown of Personnel Cost

LKR. 332,314

Class Spent hour Unit Cost Total Cost Remarks
Daytime | Nighttime
Initial Step Test
EA - 36 604 21,744
Fitter - 12 300 3,600
Un-skilled - 48 250 12,000
Sub total 37,344
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Class Spent hour Unit Cost Total Cost Remarks
Daytime | Nighttime

House to House Survey in Subzone 2

EA - 45 247 11,115

Fitter - 5 182 910

Un-skilled - 11 159 1,749
Sub total 13,774

House to House Survey in Subzone 4

EA - 24 247 5,928

Fitter - 6 182 1,092

Un-skilled - 24 159 3,816
Sub total 10,836

Road Surface Survey in Subzone 2

EA - 120 604 72,480

Fitter - 120 300 36,000

Un-skilled - 120 250 30,000
Sub total 138,480

Road Surface Survey in Subzone 4

EA - 84 604 50,736

Fitter - 84 300 25,200

Un-skilled - 84 250 21,000
Sub total 96,936

Final Step Test

EA - 36 604 21,744

Fitter - 24 300 7,200

Un-skilled - 24 250 6,000
Sub total 34,944

(5) Machinery cost related to water leakage detection

Table 4.2.5 Breakdown of Machinery Cost

LKR. 172,433

Class Spent hour Unit Cost Total Cost Remarks
Daytime | Nighttime

Initial Step Test

Ultrasonic Flow 1 days 20,140 20,140

Meter

Datalogger 9 days 3,570 32,130

Acoustic bar 3 days 166 498

Vehicle 1 day 2,500 2,500

Generator 3KVA 12 hours 958 11,496
Sub total 66,764

House to House Survey in Subzone 2

Acoustic bar 15 days 166 2,490

Vehicle 2.5 days 2,500 6,250
Sub total 8,740

House to House Survey in Subzone 4

Acoustic bar 6 days 166 996

Vehicle 0.5 day 2,500 1,250
Sub total 2,246

Road Surface Survey in Subzone 2

Acoustic bar 10 days 166 1,660

Leak Detector 10 days 741 7,410

Vehicle 3 days 2,500 7,500
Sub total 16,570

Road Surface Survey in Subzone 4

Acoustic bar | | 7 days | 166 | 1,162 |
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Class Spent hour Unit Cost Total Cost Remarks
Daytime Nighttime

Leak Detector 7 days 741 5,187

Vehicle 2 days 2,500 5,000
Sub total 11,349

Final Step Test

Ultrasonic Flow 1 days 20,140 20,140

Meter

Datalogger 9 days 3,570 32,130

Acoustic bar 3 days 166 498

Vehicle 1 day 2,500 2,500

Generator 3KVA 12 hours 958 11,496
Sub total 66,764

(6) Cost for leakage repair

It is the procurement cost of the materials used for leakage prevention.

Procurement Cost of Valves and meters for DMA Creation

If it is difficult to add up all material costs, calculate the material costs using the unit cost for

leak repair per location.

&

Material Cost for leakage repairing

[Reference data from Kalutara region)

Number of repair from 2018 to 2019:

446 points

Cost of repair from 2018 to 2019: LKR 11,951,022.75

Unit cost of repair work:

[In case of 25 points of leakage work]

Estimated cost of repair:

LKR 26,797 / point

LKR 26,797 x 25 points = LKR 669,925

Table 4.2.6 Cost of Leakage Repair

ltems Result
Subzone 4 Subzone 2

No of customer targeted by H-H Survey 216 250
Suspicious leak point detected by H-H Survey 19 8
Suspicious leak point detected by Road Surface Survey 9 12
Total point of suspicious leakage 28 20
Repaired Leakage Point 13 12
Unit Cost (LKR) 26,797 26,797
Total Cost (LKR) 348,361 321,564
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4 1.2 Effectiveness

The effectiveness of reducing the amount of water leakage can be confirmed by a step test.
1°t Step Test before implementing activities:  October 8, 2020
2" Step Test after implementing activities: May 19, 2021

In DMA4 and DMAS5, the amount of water leakage reduction was calculated based on the

decrease in the non-revenue water ratio.

During the activity period of DMAS3, the COVID-19 infection has spread throughout the country,

and it affected the meter reading work of customers.

Therefore, in DMA3, the amount of water leakage reduction should be evaluated analyzing the
decrease in the Minimum Night Flow rate after leak repair work instead of the evaluation using

the non-revenue water ratio.

As mentioned in the Clause 3.1.3 (8), the reduced water volume of leakage was calculated in 76

L/min as a daily average rate.

The use of MNF has advantages as follows.

» The result can be observed instantly.

» The meter reading error and/or meter reading duration gap are ignorable.

> Itis applicable for the DMA which is not completely isolated.

4.1.3 Concept of duration of effect

In DMAS3 activities, leak repairs were intensively carried out from the middle to the end of
April 2021,

The amount of water leakage that decreased at this stage will gradually recur and will return
to the value at the start of the activity in a few years. This is called the leakage recurrence

phenomenon of the amount of water leakage.

The period required for the amount of water leakage to return to the original level cannot be
easily estimated because various factors such as deterioration of pipelines, aging, water

pressure load, and external force due to road traffic affect.

However, it is possible to predict the recurrence speed of the amount of water leakage by

monitoring the Minimum Night Flow rate change for about one year by utilizing the
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electromagnetic flow meter and remote monitoring system installed in the project.

MNF

A

59.3 L/min
(0] X -

\35_2Umin X

o .---
Monthly Monitoring

< D

Activity Period Cycle Period

Befor starting After termination Restart leakage
activities of activities reduction activities

Figure 4.2.4 Monitoring of Leakage Recurrence

The duration of the effect is the number of years until the reduced amount of water leakage
returns to the original level, and it is necessary to set this period as the Cyclic Period and

repeat the leaked water reduction activities.

In this cost-benefit calculation, the duration of this effect is assumed to be 3 years, as same as

that of DMA4 and DMAG.

Since the leak repair of DMA3 was intensively carried out from the middle to the end of April
2021, the effect obtained by the recurrence of water leakage amount after 3 years can be

shown in the figure below.

Leakage Volume Benefit produced by Leakage Reduction Activities

-
x L/min -
76 L/min
y L/min v Leakage Recurrence
Activity Period After 3 years i Time
08/10/2020 07/05/2021

Figure 4.2.5 Benefit produced by Leakage Reduction Activities
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In DMA3, the leakage repair work was started following the Road Surface Survey that was
finished on May 12%, 2021. Therefore, the effect of leakage repair work can be evaluated from

reduction of Minimum Night Flow which has been monitored from April 8", 2021.

As mentioned before, since the reduced volume of water leakage in Subzone 2 and Subzone 4
is calculated in 76 L/min as a daily average rate, the effect obtained in 3 years can be calculated

as follows:
0.076 m3/minx60 min x 24 hours x 365 day x 3 years + 2 = 59,918 m?

As mentioned in the Procedure Manual of Leakage Control, the unit sale cost of water is

LKR55/m3. Therefore, the monetary benefit will be calculated as follows:
59,918 m3 x LKR55 = LKR3,295,490

This result is an estimate using the sales cost per 1 m3, and it is assumed that the total amount

of reduced water leakage will be effectively utilized in the DMA or the adjacent area.

Even if the reduced leaks were allocated to water supply in other areas, some of them would
actually be lost as non-revenue water. Therefore, it should be noted that the above monetary

effect is just a theoretical result.

4.1.4 Comparison of Cost/Benefit

Table 4.2.9 Cost/Benefit of Leakage Reduction Activities in DMA 3

Items Type of work Details Value
(LKR)
Cost 1,624,738
Cost DMA Creation Labor Cost 176,470
Machinery Cost 208,324
Material Cost 65,272
Leakage Detection Labor Cost 332,314
Machinery Cost 172,433
Leakage Repair 669,925
Benefit 3,295,490
Benefit/Cost | | 2.03
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4.2 Setting the target level of leakage management

Water pipes deteriorate over time due to various factors such as deterioration, corrosion, and

traffic load, and this deterioration causes water leakage.

Also, unless the deteriorated pipeline is completely renewed, a new leak will occur soon after

the repair.
This phenomenon is called "Leakage Recurrence"
There are only two methods to reduce the amount of residual water leakage.

» Continue water leakage prevention work at a pace that exceeds the amount of water

leakage recurrence.

*Increase the amount of water leakage prevention work. (Investment of

human resources)

*Improve water leak detection technology. (Training and accumulation of

experience)

* Adopt efficient leak detection and repair technology. (New technology)
» Erasure of restoration itself by renewing dilapidated pipelines

*Use a pipe that does not easily leak water. (Change of material)

*Shorten the length of the pipe to make an efficient piping route. (Improved

efficiency)

* Adopt appropriate piping technology. (New technology)
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One way to efficiently carry out this monitoring is to build a remote communication system.

The following is the content to be proposed assuming the situation where Japanese experts

cannot resume their local travels early.

[Work in Japan]

>

Procure data loggers with built-in communication modems, electronic water meters,

etc., and prepare training materials for remote monitoring systems.

Utilizing the Japanese mobile phone communication network, transmit the pulse signal
of the test meter to the data server and perform the operation test of the monitoring

system using the Web browser.

If the operation test is successful, purchase the electromagnetic flowmeter to be
installed in DMA3 and DMAG.

One candidate of Data Server will be the Online Service named “HWM DataGate” with

1 year-license contracted between HWM and Japanese Experts Team.

Collect the theory of pulse measurement of flow rate, detailed work required for
system construction, equipment selection, monitoring method and its utilization as a

manual, and share it with the C/P of the Output 2 team.

The members of Output 2 team access the monitoring system constructed in Japan and

understand the monitoring method through the manual and the remote instruction.

[Wwork in Sri Lanka)

>

Replace the Bulk Flow meter in DMA3 and DMAS with Electromagnetic Flowmeters
(with pulse output).

In case of monitoring DMA3, the target area to be monitored will be the southern area

whose water is provided by DN250mm pipe.
Transport and install the monitoring system equipment from Japan.

Use the SIM card of the local communication company to set the communication

modem.

The monitoring system is operated by the C/P, and daily fluctuations in water
distribution are monitored under the guidance of Japanese experts to understand the

tendency of water leakage recurrence.
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Figure 4.3.3 Remote Monitoring System for Leakage Control
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CLEAN WATER N—/
Multilog 2

Multi-channel Data Logger

Multilog 2 is the highly advanced and versatile
multi-channel data logger designed to monitor
any combination of digital and analogue signals.

Multilog 2 is ideal fora
applications, includi
sure in a dist
leakage and conformance.
Accurate, powerful and robust, Multilog 2 is an effective
data logging solution.

HKey Features and Benefits

= Telemetry: intzgral SME/EPREAGMEITLTE-M (Cat-h41)
cellular options.

+ Serial input option: for connection oo digitzl maters,
Sonictens kevel z=an=or. Modbus, 50012, R5232,
BadzerSenszuzMepiume serial meter mterfaces

+ 4 channel logging: & or 16 channels evailable on request

= Fast logging: primary legging to 1 second a= standard + Diptional outputs: replicate input= or rigeger on slarm,
- 25hz for ranszient events. llows operation of third party sensors, &g water zamplers
= Alarm: full alarm functionality = Long-berm monitoring: 5 yesr battery life
« Robust: rugeed dis cast sluminium case
Applicat
= True readings: trus max and min fiow and imestigation A
of pressure spikes After metallation, & firmware upgrades and programming
changes are made remately. As well az ensuring that changss
* Pulse interval timing: smooths reading of infrequent are made efficiently. this iz also cost-effective, as it removes
pulzes the need for site visita.
* External antennas: support improved signal zrength A&n innovatie feature of Multilog 2 is a secondary channel,
- contact HWK for more information enabling additional fast logging down o 25Hz
* Local data dowenload: 10 pin mitary plug connected o Secondary bogging can be triggered on time schedude and/or
laptop or desktop PC in response oo an elarm condition being triggered. Thisis

imvalugble when more detsiled mwestigetion is reguired, swch as

« Fully waterproof: the IPEE rating has been tested &t AR e el

10m depth over a 24 hour period

A2-162



Appendix-1
Case Study of Pilot Site Activity in Panadura RSC-WS

AUTOMATED
METER READING

DataGate

Remote data management

DataGate is HWM's web hosted data server
that provides a fast, convenient and secure
remote data management solution via the
internet. Informaton can be received from
all mobile networks via several different
methods induding FTP, VMM and modem.

DataGate currentdy proceszes over 1.7 million meszages
rapid
ntin & file format
data stream. Thiz eleminates

az an email h can be

ther wesk point of a traeditional remote

&m a5 & data transfer now tekes onfine.

HKey Features and Benefits

* Manage large data volumes guickly:
Designed to handle large volumes of SMS/GPRS dats traffic

* Compatible: Works on &8 mobile networks

Fast data transmission: Enables rapid data transmission
Eliminates data blockages:

Caused by [T frewalis and SPAM fiters.

No host modem: Mo modem required to receive deta

* Secure Servers: Data can be archived indsfinitety on
SBCLUMS SEMVErS

Detailed message transmission:

To enable disgnostic Fwestigeton if reguired

Logger alarms: Automaticaly sent to multiple users to
enzble prompt action

* Data accepted from multiple sources:

FTP, Vi and madem

Data can be viewed online:
H'#h Online or other cofporate system

* DataGate L5: Option for customers cutside the UK m
transmit d&ta to & data sareer in their own country

Real time data: 39.99% uptsme and real tme dats badk

et th e f UL & St S s S O 540 S S
o ibratir e WERDLL 4 rin Gt P
M L. it rhghe 2 vary the spaclicatios, b 1. 062077

Applications

[Diata can be viewed in graphical or teble format

from amy intermet enabled device using our web viewer
HWh Ondine or seambassly integrated into a thind party
COMporate system.

O receipt of an alsrm Detabate can s2nd automatic
alerts to multiple users to enable action to bataken
prompity. The system will even store data from loggers
it dices mot recognise, and then add this information to
the logger's history when it i registered on the system.
Multipds scoounts can be set up and configured to
enzure that usars only z2e data from the spedfic
logeers they requine.

HWM,

HWM Water Limited

Ty Coch Houss
Llanternamm Park 'Way
Cwmbran Tel: +44(01 1633 489 473
Faw:  +4{0) 1633 877 857
Emait  sslesidimwm-water.com

NP4 JAW
United Kingdom
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5 |ACTION Improvement and expansion of pilot activities

This chapter explains the ACTION of PDCA cycle. It explains how to promote the result of
“PDC” for the further improvement. To promote water leakage reduction activities more
effectively and efficiently, the activities of the next DMA will be started, reflecting the points to

be improved from the evaluation results of the pilot activities.

5.1 Target of leakage prevention at RSC Western-South

This pilot activity has been conducted for NWSDB Staff to understand the actual state of
water leakage in some DMAs and to acquire the technology to reduce it effectively and

efficiently.

After that, the activity to be carried out by NWSDB is the formulation of a water leakage
prevention plan in the RSC Western-South

Usually, when formulating a water leakage prevention plan, a basic investigation is first
conducted, an analysis of the current situation is conducted, and the water leakage prevention

target is set after a thorough understanding of the actual state of water leakage.

And, it is necessary for the entire organization to work to achieve those goals efficiently and

effectively.

As a result of the pilot activities, it was revealed that most of the non-revenue water was due
to leakage, so the leakage prevention target in the case of NWSDV may be replaced with the

non-revenue water reduction target value.

Table 5.1.1 Target value of NRW in NWSDB

RSC Target value of NRW (% Future Target

2016 2017 2018 2019 2020 2025 2030
Western- 34.8 34.1 335 328 | 32.1

Central

(Colombo) 45.0 44.0 43.0 42.0 41.0
(Other) 18.0 17.5 17.0 16.5 16.0

Western-South 27.3 26.4 25.5 24.6 23.5 2?7 2?7
Western-North 23.5 23.0 22.5 22.0 21.5
South 26.5 26.0 25.5 25.0 24.5
Uva 21.2 20.3 19.4 18.5 17.6
Central 23.0 22.0 21.0 20.0 19.0
Sabaragamuwa 24.6 23.8 23.0 22.2 21.4
Western-North 10.0 10.0 10.0 10.0 10.0
Eastern 15.4 13.3 11.0 10.0 10.0
North-Central 16.1 15.2 14.3 13.4 13.0
North 23.0 21.0 19.0 18.0 17.0
National 27.8 27.3 26.7 26.0 25.3

Source: NWSDB Corporate Plan 2016-2020
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5.2 Formulation of water leakage prevention plan

This work is a matter that NWSDB should carry out after the project.

The formulation of the plan is based on the results of the pilot activities, NWSDB's strategic
plan, the target values of other regions, etc. are set, and the target values are set. From the

long-term (10 years) and the medium-term (3 to 5 years) Plan.

5.2.1 Setting of target area

> Basically, all target areas should be selected from the areas served by the distribution
network. Since the target area should be selected based on the trend analysis of water
leakage, the following information is indispensable as the basic data necessary for

selecting this area.
> Historical record of leakage and repair
> Installation year of pipeline
> Material of pipeline

If such information is not sufficiently prepared, it is possible to identify the area where leakage
control should be prioritized using the following data collected in each zone or water supply

area within RSC.
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Table 5.2.1 Example of indicator for selection of target area

Indicator

Description

This is the NRW rate for each DMA.

When comparing non-revenue water rates (NRW) of different DMAs, due to
differences in the length of the network, the density of the number of water taps,
and the amount of water used per connection, the evaluation results of the
network are different even among sectors with the same NRW rate.

2. NRW
(L/connection/day)

This is the total amount of non-revenue water converted into the amount of
water per user and per day.

Strictly speaking, since it is calculated by the number of branches from the
water distribution pipe, it is not necessary to consider the total number of users
in the case of apartment houses and condominiums.

This is highly linked to physical loss.

If there is little leakage in the distribution pipe, this indicator can be used to
evaluate the amount of water loss.

3. NRW
(L/km/min)

This is the total amount of non-revenue water is converted into the amount of
water per 1 km of distribution pipe, and it is highly linked to physical loss as in
2).

If there are more leaks in the distribution pipe than in the service connection
pipe, this indicator can be used to evaluate the amount of water loss.

4. UARL

Unavoidable Annual Real Losses (UARL) is the amount of water that cannot be
reduced any further, and is a theoretical value calculated using a formula.
However, if cost-effectiveness is ignored, it can be reduced to zero, but it is
difficult in reality. The unit is L/connection/day.

5. NRW/UARL

The indictor based on (4) is the ILI (Infrastructural Leakage Index), which is
known as an index recommended by IWA.

ILI is a value calculated as Current Annual Real Losses (CARL) / UARL, and if
this value is large, it indicates that the problem of water leakage in the
distribution network is prominent and that the degree of deterioration is
progressing.

CARL: Current physical real losses

UARL: Unavoidable Annual Real Losses that cannot be reduced any further.
Since an accurate survey is required to accurately grasp the amount of water
leakage (CARL), here we propose an index in which CARL is replaced with non-
revenue water only for the purpose of comparing the degree of deterioration of
distribution networks.

6. MNF/URL

If data on minimum nighttime flow (MNF) is available, “MNF/UARL” using MNF
instead of NRW is effective in determining the degree of pipe network
deterioration.

5.2.2 Determination of DMA construction

This pilot project adopted the method of building DMA to detail the regional distribution of

actual leak occurrences and to find the most efficient and effective measures.

However, in the water distribution network, there are areas where it is difficult to construct a

DMA and areas where leakage can be prevented without constructing a DMA.

Normally large initial investment is required to build DMA, and a huge budget and period are

required to manage all areas with DMA. Therefore, the necessity of DMA must be judged

according to the regional characteristics.

A: With DMAs

Active Leakage Control

B: Without DMAs
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5.2.3 Annual plan

Generally, the entire water supply area is vast and it is impossible to take measures against

water leakage within one year.

Therefore, it is necessary to plan the leakage control of the water supply area so that one
cycle can be completed within several years, and the size of the target area to be covered in

one year should be considered according to the capacity of the water board.

When one cycle is completed, start the second cycle activity from the first target area.

1 Cvcle of activities

e N N N

Target Area 1 Target Area 4 Target Area 7
¥ ¥ ¥
Target Area 2 » Target Area 5 » Target Area 8
\ 4 4 4
Target Area 3 Target Area 6 Target Area 9

- N\ AN J
\ 1st year 2nd. 3rd. year j

Table 5.2.2 Relation between 1 cycle of activities and target areas

The extension of water pipes in the target area is one of the effective indicators for

determining the scale to be covered in one year.

In case of major water utilities in Japan that has over 5,000km length of pipeline, 3 years is

commonly applied for 1 cycle period.
[In case of DMAs method])

One or more DMAs will be selected as the target area for one year, taking into consideration

the extension of the distribution pipe of each DMA.
[In case of Non-DMAs method]

The target area is extracted from the whole area in consideration of topographical features

(river, road, pipeline length).
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5.2.4 Example of annual planning

The pipeline length to be investigated in one year can be determined according to the target

leakage rate (or non-revenue water rate).

However, if the number of personnel engaged in the survey cannot be secured, it can be

decided according to the capacity of the water business utilities.
(1) Calculation of annual survey extension from the number of staff that can be invested
»  Unit of leak detection work
3 persons per 1 unit (1 chief and 2 workers)

Equipment: Acoustic listening stick, Water leak detector, Pipe locator, Metal detector,

Boring bar, Hammer Drill, Vehicle
»  Conditions of the work considered herein
Considered area: RSC Western-South
Number of work unit: 1 unit (1 chief and 2 workers)
Number of working date: 244 days per year
(365days - Saturday and Sundayx52 weeks - Other holidays 17 H)
Working hours: half a day in each day
Average survey extension of pipeline: 0.24km/day
(In accordance with the experience of pilot activities in JICA project)

Annual survey extension of pipeline: 0.24km/dayx244day=58.6km/year

Cyclic period: 3 years
Extension of existing pipeline: 2,852km (data provided by RCS-WS)
Necessary input of manpower: 2,852 /3 /58.6 =16.2 units

According to above mentioned calculation, if you secure 16 units of manpower, you

will be able to conduct surveys of all regions at the pace of one cycle for three years.
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(2) Calculation of annual survey extension from target leakage rate
»  Conditions of the work considered herein
Considered area: RSC Western-South
Extension of existing pipeline: 2,852km (data provided by RCS-WS)
Annual production volume: 71,344,743 m3/year
Leakage recurrence ratio: 15% of leakage volume

Target leakage ratio: The leakage rate in the first year (19.4%) will be
reduced evenly every year, and will decrease to

15% after 5 years.
In this case, annual reduction rate
=(19.4-15.0)/5 = 0.88%

» Necessary input of manpower

When completing the 2,852km survey in 5 years, it is necessary to input about 10

units because the survey distance is 58.6km per unit per year.
(3) Supplementary notes

The above estimation case is based on the assumption that the water leakage is widely

dispersed in the area and the density of the water leakage is evenly distributed.

However, many leaks concentrate in areas where pipes have deteriorated and where water

pressure is excessive.

For example, areas and routes that have only been in the pipeline for a few years can be
excluded from the first cycle. In addition, the priority of measures will be lowered in areas

where the water supply pressure is relatively low.

Therefore, it is essential to analyze existing data and narrow down the target area for

efficient and effective water leakage reduction.
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Appendix-2

Guideline for Cost and Working Days
Calculation Sheet

for Leakage Detection Planning

Appendix-2 is a guideline for utilizing a calculation sheet (Excel), which enables
estimation of the necessary costs and duration of leakage detection surveys and planning

of the financial aspects of active leakage control.
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1 Background and Aim of Making Cost and Working Days Calculation Sheet
1.1 Background of Making Cost and Working Days Calculation Sheet

A JICA project has been transferring technology and skills for detecting water leaks since
2018. NWSDB intends to expand the leak survey over a wide area to reduce the leak rate. To
this end, it is necessary to accurately estimate the budget and investigation period for leak
investigation and formulate an efficient plan. Therefore, the project team, JET, in collaboration
with the counterpart, prepared a calculation sheet to enable such budgetary and working period

considerations to be more effectively and easily understood.

1.2 Aim of Making Cost and Working Days Calculation Sheet

The aim of making the cost and working days calculation sheet is to understand:
»  the necessary budget,
»  the required survey period, and

»  the required number of personnel.

1.3 Scope and Applicability

The calculation sheet has been developed to estimate the required cost and labor force
for leak surveys—which consist of flow measurements, house-to-house surveys, road

surveys and identification surveys.

1) The calculation sheet will be used by:
»  the non-revenue water (NRW) section of RSC to create survey plans and to
understand budgetary requirements, and

» OIC offices to grasp survey schedules.

2) Timing of use and target of estimate
The timing of the use of the calculation sheet will be in:
» the planning phase of surveys.
The target of the cost and working hour estimates produced by the calculation
sheet are for:
» estimating leakage volumes in DMAs for flow measurements.

» leakage detection phases of the surveys.
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Flow of Active Leakage Control

ALC with DMAs I ALC with non-DMAs

3.2 Setting DMA |

Target of
estimate cost &

working hour

‘ Target of

3.3 Setting Acceptable Leakage
Rate

estimate cost &

working hour

for leak

for Flow % I

Not greater than 3.3 detection

3.5 Leakage detection F/ | 3.5 Leakage detection

l |

[ 3.6 Leakage repair l ’ 3.6 Leakage repair ]
Greate[than 33 ‘

measurement

3.4 Estimating of leakage volume
| in DMA

I Greater than 3.3

|

| 3.4 Estimating of leakage volume
in DMA

I Not greater than 3.3

|

[ 3.7 Evaluation ]

3) Condition of use

» A calculation sheet can be used throughout Sri Lanka.

» The working speed depends on the density of houses per 1 km of pipeline in the
target area. The average value is to be used if there is variation in density of houses
within a target area. If the areas within a target area are far apart, calculate separately
for each area.

The work speed is the workload, as shown in the table below. Set this workload in
tables 2, 3, 4, and 5 of the calculation sheets.

Standard workloads of calculation sheet (work speed)

Survey item Less than 100 houses per Over 100 houses per
1 km of pipeline 1 km of pipeline
Flow 4.0 hours per operation 6.0 hours per operation
measurement

House-to-house

13.6 houses per hour

28.7 houses per hour

survey

Road surface 235 m per hour
survey

Identification 3.6 locations per hour XX locations per hour
survey
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1.4  Required data for calculations

The following data is required for use in the calculation sheet.

»  Pipeline length in the target area,

»  Number of houses in the target area,

»  The density of houses in the target area, and

»  The number of equipment required for the survey and the number of equipment that

RSC can prepare.

Overview and Structure of Calculation Sheet
2.1 Overview

The calculation sheet is the sheet for calculating the working hours of leak detection work
and survey costs.
The calculation sheet organizes expenses including ordering costs such as labor costs and

work costs, and clearly shows the methods of calculation.

2.2 Structure of Calculation Sheet

Table 1. Total survey cost and working hours table for leak detection

Table 2. Cost table of flow measurements (minimum night flow and step test)
Table 3. Cost table of house-to-house surveys

Table 4. Cost table of road surface surveys

Table 5. Cost table of identification surveys

Basis of labor costs in each table

Basis of equipment prices in each table (purchase and ownership prices per day)

How to Calculate

3.1 Flow of Calculation

The below figure is a standard calculation flow. Whether all steps from 2 to 5 need to

be implemented depends on the survey plan. For example, Step 2 can be skipped if you

do not perform flow measurement.

Step 1  Create a leak detection plan

Step 2 Set up the survey team and necessary equipment for the flow measurement survey

including step test and drop test in Table 2
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Step3  Set up the survey team and necessary equipment for the house-to-house survey in
Table 3

Step4  Set up the survey team and necessary equipment for the road survey in Table 4
Step5  Set up the survey team and necessary equipment for the identification survey in
Table 5

Step 6  Enter the survey quantities planned in Step 1 in Table 1

Step 7  Evaluate the plan
* In flow measurement survey, one team will consist of a main team and a valve team.

3.2 Details of Calculation Steps

The various quantities for the calculations need to be entered into the yellow-
colored cells (a drop down list of quantity options will appear once clicked on) of the

sheet following the steps described below.

1) Step 1

Plan and confirm the following three points.

1)-1 Plan the quantities of items to be conducted in each survey.
Times of flow measurements, quantity of house-to-house survey, distance of road surface
survey, distance of identification survey.

1)-2 Consider the number of personnel to be assigned to each of the teams for the various surveys.

1)-3 Check the availability of equipment required for each survey.

* Each survey mentioned in 1) - 3) are the following. Flow measurement, house-to-house
survey, road surface survey, identification survey.
* The distance of the road surface survey and identification survey is the length of the pipeline.

* The equipment required for each survey is shown in Table 2-5.
2) Step 2

Set the number of survey teams and equipment required for the flow measurement survey in

Table 2. Follow the instructions below to operate with Table 2.
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Cost Table of Flow Measurement (Minimum Night Flow & Step Test) workdoad = Workload
Ttem Descaption Ut Quamity Unit comt (Rs) Total cost (Rs.) Now

EAChi | Foo 10 247 247 1 Perscain | Team

Main Team Fitter P:::u 20 182 364 IPersonsin | Team

UnSided | PEF%0 10 159 159 1 Persca in 1 Team
Thowr

EA(Chif | o0 10 247 247 1 Peascn i 1 Team
thoig

Valve Control Team Fitter p;';:" 20 182 364 2Persons in | Team

Labor cost \ UnSkled | To°%0 10 159 159 1 Persca in 1 Team
o

Nighttmme hourly cost Heowr 0.30 | Laytime cost03 770 Night work premiam

T Hom p2100 B Pt T i T

Op ration Labar cost {1 Op mation = Worldead howrs) 9240 Tetal Laber cost®Warkload

Tota price(Rs) Note

'( e | Each 10 5300000 5300000 | Depends ca mumber o It pont
. Pressure Logger | Each 40 1,700,000 6500000 Dq"“‘:’ oo ’_'""I ""I of subzoae
Purchase cost Generater Each 10 200,000 200000 1 unit in 1 Main team
Add equipment cost f need
Total Purchase cost 12,390,000
Equipment
cost
Ttem et Qumity O 'u“} P | Tota price(Rs) Note
;::“x:;) Each 10 20,140 20,140 D"""‘:’l:_‘_‘t :""I‘m poiat
. Pressure Logger | Each 40 3750 15000 DW“‘:’ on mmber of subzons
Ownership cost Generater Each 1.0 955 958 1 unit i 1 Maim team
Vekicle Each 10 2500 2500 1 umit in 1 Main team J
Total Ownership cost for 1 day 38508 _/

Section A: Labor cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
labor according to the number of teams you planned in Step 1.

Section B: Nighttime work premium cost

»  Select the appropriate quantity in the yellow cell (drop down list). Select 0 for daytime work,
select 0.5 for nighttime work.

Section C: Unit cost of each operation

»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
equipment you need that you confirmed in Step 1.
No equipment in the office: Add purchase cost.
Own equipment in the office or can be prepared: Add equipment ownership cost.

Workload: Time required for each operation
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» Refer to Guideline 1.3 3) select the correct workload.

* In flow measurement survey, one team will consist of a main team and a valve team.

* The times of flow measurements are twice the number of DMAs.

3) Step 3
Set the number of survey teams and equipment required for the house-to-house survey in Table

3. Follow the instructions below to operate Table 3.

- Cost Table of House to House survey workload = Workload
ltem Deseription Unit Quantity Unit cost (Re.) Total cost (Rs.) Note
EA(Chicf) Fesson, 20 247 494 | Person n 1 Team
[our
Labor Fitter Persoa 20 182 364 1 Person in 1 Team
[howr
Un Skilled Pf::" 20 159 318 1Personin 1 Team |
Labor cost Daytime hourly cost Hour ,_/-'/’- _l,-—”f L176
Toal labor cost How | _— | _— 1176
1 house survey cost 116 Total Labor cost'Workload -
Ttem Unit Quantity Unit pricePurchase | 0 price (Rs.) Note
Bl
/ _— Acoustic Rod | Each 10 59.148 59,148 1 mit in | Team \
Purchasc cost Add equpment cost if need
Total Purchase cost __,f"" ____.-""f-‘ 59,148
cost Ttem Uit Quatiry |7 ‘"’"‘:R'Z'; B | ot price (Ra) Note -
- Acoustic Rod Each 1.0 166 166 1 it in 1 Team
Ownership cost Vehick Each 10 2500 2500 1 witin | Team
\ Total Ownership cost for 1 day 2,666 )
) - —

Section A: Labor cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
labor according to the number of teams you planned in Step 1.

Section B: Nighttime work premium cost

»  This survey will be conducted during the daytime, therefore the cells in this section cannot
be changed.

Section C: Unit survey cost of per house

»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
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equipment you need that you confirmed in Step 1.

No equipment in the office: Add purchase cost.

Own equipment in the office or can be prepared: Add equipment ownership cost.

Workload: Work speed per hour

» Refer to Guideline 1.3 3) and select the correct workload.

4)Step 4

Set the number of survey teams and equipment required for the road survey in Table 4. Follow

the instructions below to operate with Table 4.

Cost Table of Road Surface survey

- [ v

Ttem Desaiption Unit Quantity Unit cost (Rs.) Total cont (Ra) Note
Person .
EA{Chi 1.0 247 247 1 Person m 1 T
(Chief) o erson o 1 Team
Labor Fiter emod 20 182 364 2 Persous in 1 Team
Mour
UnSkied | PerO" 10 159 159 1Person in | Team
Jhour
v
Daytine hourly cost Hour e " 0
Labor cost
Nighttime hourly cost Hour 0.5 | Daytime cost*0.5 385 Nght work premiun
Total Labor cost Hour / 1,155 | Daytine + Nighttine hourly cost
1 meter road survey cost -!’ 491 Total Labor costWorkload
1 43 2 Unit pricePurchase :
tem Unit Quantity Rs) Total price (Rs) Note
EFR
( Leak Detector Each 1.0 463,266 463266 lumit m 1 Team
punent e
e Acoustic Rod | Each 00 9148 0 lun i1 1 Team
Purchase cost
o Add equipment cost if need
Total Purchase cost 463266
Equipment |
cost
Ttan Uit Quuiy |V PRI o prce ) Note
Leak Detector Each 1.0 T4l i1 1 i in 1 Team
Eqient Acoustic Rod | Each 10 166 166 1 wnit in 1 Teamn
0O p cost
k Vehicle Each 1.0 2500 2500 1 uni 1 Team
Total Ownership cost for 1 day 3407

Section A: Labor cost

»  Select the appropriate quantities in the yellow cells (drop down lists)Select the quantity of

labor according to the number of teams you planned in Step 1.

Section B: Nighttime work premium cost

» Select the appropriate quantities in the yellow cell (drop down list). Select 0 for daytime

work, select 0.5 for nighttime work.

Section C: Unit survey cost of per m
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»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
equipment you need (to either newly purchase or for which is already available) that you
confirmed in Step 1.
No equipment in the office: Add purchase cost.
Own equipment in the office or can be prepared: Add equipment ownership cost.

Workload: Work speed per hour

» Refer to Guideline 1.3 3) and select the correct workload.

5) Step 5
Set the number of survey teams and equipment required for the identification survey in Table 5.

Follow the instructions below to operate Table 5.

Cost Table of Identification survey workload = WOrkload
Trem Description Usit Quantity Unit cost (Rs.) Total cost (Rs) Note
EA(Chief) ﬁ? 1.0 247 247 1Personm 1 Team
Labor Fitter P;‘:' 2.0 182 364 2 Persons in 1 Team
Unskilled | To° 10 159 159 1 Person in 1 Team
e
Daytime hourly cost Hour 770
Labor cost
Nighttime hourly cost Hour 0.0 | Daytime cost*0.5 0 Night work premium
Total Labor cost Hour 770 Daytime + Nighttime hourly cost
1 suspected leakage survey cost Location ; — 213.59 Total Labor costWorkload
Ttem Unit Quantity Uﬁlp’i&?‘“m Total price (Rs.) Note
Leak Detector Each 0.0 463,266 o Tumit in 1 Team\
Generator Each 0.0 290,000 o unit in 1 Team
E quig Hammer Drill Each 1.0 23,261 23,261 1umit in 1 Team
Purchase cost Boring Bar Each 10 45275 45275 turit in 1 Team
Acoustic Red Each 1.0 59,148 59,148 2 units in 1 Team
0 Add equipment cost if need
Total Purchase cost 127,684
Equipment
cost Ttem Unit Quantity | p""g:“‘“” Total price (Rs.) Note
Leak Detector Each 0.0 741.00 0 Turit in 1 Team
Generator Each 0.0 958.00 0 Turit in 1 Team
Equip Hammer Drill Each 1.0 44.00 44 Tunit in | Team
Ovwnership cost Boring Bar Each 10 543.00 543 Tunit in | Team
Acoustic Red Each 1.0 166.00 166 2 units in 1 Team
Vehicle Each 1.0 2,500.00 2,500 lunit in 1 Team
Total Ownership cost for | day 3253
N 4
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Section A: Labor cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
labor according to the number of teams you planned in Step 1.

Section B: Nighttime work premium cost

» Select the appropriate quantities in the yellow cell (drop down list). Select 0 for daytime
work, select 0.5 for nighttime work.

Section C: Unit survey cost of number of locations

This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the quantity of
equipment you need that you confirmed in Step 1.
No equipment in the office: Add purchase cost.
Own equipment in the office or can be prepared: Add equipment ownership cost.

Workload: Work speed per hour

» Refer to Guideline 1.3 3) and select the correct workload.

6) Step 6

Set the quantities of each survey in Table 1. Follow the instructions below to operate Table 1.
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Total Survey Cost & Working hour Table of Leak Detection
Ttem Unit Quantity Unst cost (Rs.)} Total cost (Rs.) Note
Flow Measwrement | Operation 20 2131000 4620 See the Table 1 for basic data
House to House Survey | House 7.700.0 11552 889,509 See the Table 3 for basic data
Survey Cost 1 Road Suface Survey Km 620 491 304723 See the Table 4 for basic data
Labor cost I S By Km 620 See the Table 5 for basic data
(Suspected leak location) ; Quantity of Location=
uspec Location 1.0 21389 72936| Ty pioels
Total Labor cost 1,271,788
price (K
Flow Measurement Each 12390000 See the Table 2 for basic data
H House Sarv Each 29148 See the Table 3 for basic data
Sarvey Cost 2-1 Coinith i
Road Suface Survey Each 163266 Sae the Table 4 for basic data
B e Poichaes cosy Tentification Survey Each 127684 See the Table 5 forbasic data
Total Puechase Cost 13,040,098
Ttem Uit Quantity Unitcost(®s) | Total cost (Rs) Note
Flow Measurement Operation 200 38,598 77.196 | Same as the number of flow measurement
Survey Cost 2-2 House to House Survey Days 54.03 2666.00 144,037 | The daily working hour [Quantity=F 27 Thours
is 7 hours. z
18.54 340700 64,205 =F 28 Th
Eouk t Ownership Road Surface Survey Days ; Cruantity=Worki Quantity ours
cost Tentification Survey Days 13.53 3253.00 44,019 |hours team Thours Quantity=F29 Thours
Total Ownership Cost 329457
-
Total Su Cost 14.641.343 | Total Labor Cost + Total E quipment cost
Ttem Unit |Working hours | No. of survey team [Waorking howrs/Te am
Flow Measurement Each .00 0 4.00
House to House Survey Each 756.39 0 ITRI9
Work ing hour Road Suface Survey Each 263.83 20 13191
Tentification Survey Each w72 1.0 9472
Total Working Hour 112294 Warking hour for all teams
\Q_\’orkﬁlg hour required to complete the snrvey 608.8 J’

Section A: Total labor cost

»  Select the appropriate quantities in the yellow cells (drop down lists). Enter the quantities of
each survey planned in Step 1.

Section B: Total equipment purchase and ownership cost

»  This section is calculated automatically.

Section C:

Total survey cost (labor + equipment)

» This section is calculated automatically.

Section D: Working hours for leak detection work

»  Select the appropriate quantities in the yellow cells (drop down lists). Select the same number
of teams as in tables 2,3,4 and 5.

Flow measurement: Table 2; House-to-house survey: Table 3; Road surface survey: Table 4;

Identification survey: Table 5
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7) Step 7
Examine whether the cost and working hours calculated in Step 6 are feasible or not. If it is

difficult to implement, return to Step 1 and review the plan.

4 Basis for Setting
4.1 Setting the Basic Data in Tables 2, 3, 4 and 5

A: This section has adopted the track records of pilot activities. The unit prices are mentioned in
the basis of labor cost in each table of the calculation sheet.

B: A bonus of 0.5 will be added for nighttime work.

C: This section is the sum of sections A and B divided by workload. The survey cost is calculated
by multiplying this number by the survey quantity of Table 1.

D: This section has adopted the equipment prices for pilot activities. The unit prices mentioned

are based on the equipment purchase and ownership prices in each table.

- Cost Table of Road Surface survey waorkload = Worklm‘l

Ttem Desaiption Unit Quantity Unit cost (Rs) Tatal cost (Rs.) Note
f Person N
EA(Chie 0 247 247 1P 1T
( ) hour 1 ‘erson m 1 Team
Labor Fiter Person 20 182 364 2 Persons in 1 Team
Mour
Unskiled | TemO 10 159 159 1 Person in 1 Team
> L
—
Daytine hourly cost Hour // — TI0
Labor cost
Nighttine hourly cost Hour 0.5 | Davtime cost*0.5 385 Niht work premim
Total Labor cost Hour /,,—‘”’ 1155 | Daytme + Nighttme hourly cost
1 meter road survey cost / _— 491 Total Labor costWorkload
Ttem Unit Cumtit Lnit pn[cRc-SP)ln'ch,asc Total price (Rs.) Note
=
/ Leak Detector Each Lo 463266 463266 lmnit m 1 Team
Equipn Acoustic Rod Each 0.0 59,148 [} luni m 1 Team
Purchase cost
[i] Add equipment cost if need
Total Purchase cost 463,266
Equipment l
cost
ltem Unit | Quuniy  [UHOPIEONIR o pice Rs) Note
Leak Detectar Each L0 741 741 1 unit in 1 Team
Equipment . .
o hip cost Acoustic Rod Each L0 166 166 1 unit in 1 Team
k Vehicle Each Lo 2,500 2,500 1 unit i 1 Team y
Total Ownership cost for 1 day 3407
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4.2  Setting the Labor Unit Costs and Equipment Unit Costs

These costs are mentioned in the tables below.
1) Basis of Labor Cost in Each Table
These prices are the same as B / C of DMA3 in the 2021 pilot activities.

Basis of Labor Cost in Each Table

Unit cost
Position Unit Note
(Rs.)
EA
. Person/hour 247 Change the labor cost if needed
(Chief)
Fitter Person/hour 182 Change the labor cost if needed
Un
) Person/hour 159 Change the labor cost if needed
Skilled

2) Basis of Equipment Price in Each Table (Purchase and Ownership Prices per Day)
2)-1 Price list of equipment

These prices are the same as the equipment prices in pilot activities.

Basis of Equipment Price in Each Table

Purchase and Ownership Prices per Day

Item Purchase Ownership Note
price price
(Rs.) per day
(Rs.)
Leak 463,266 741 *1 The purchase price of
detector the equipment is the
Generator 290,000 958 amount procured by the
pilot activity in Panadura,
Hammer 23,261 44
. WSC-WS.
drill
Acoustic 59,148 166
*2  The  equipment's
rod
X ownership price is the
Boring bar 45,275 543 ]
same as B/C calculation
Pressure 1,700,000 3,750 costs by the pilot activity
logger
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Flow 5,300,000 20,140 in Panadura, WSC-WS.
meter

(portable Change the equipment
type) purchase and ownership if
Vehicle - 2,500 needed

2)-2 Ownership price settings

The table below shows the unit rate per day of each equipment. Coefficients are being used for

the calculations herein.

Equipment Price Coefficient Unit rate per
day
a b C=a*b
Leak Detector 463,266 0.0016 741
Generator 290,000 - 958
Hammer Drill 23,261 0.0019 44
Acoustic Rod 59,148 0.0028 166
Boring Bar 45,275 0.012 543
Pressure 1,700,000 0.0021 3,750
Logger
Flow Meter 5,300,000 0.0038 20,140
(Portable
Type)
Vehicle - - 2,500

*Source of the coefficients for all the machinery except generators and vehicles: Japan Leakage
Survey Association

*Source of the coefficient for generators: Japan Construction Machinery and Construction
Association, construction machinery unit rate table (Specs -3kVA)

* Source of the coefficient for Vehicle: RSC-WS

4.3 Types of Equipment Use for Each Survey

This table is a list of equipment and surveys used in pilot activities. This list is reflected in tables
2,3,4and 5.
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Item of survey
Types of equipment use
for each surve; Identification S
4 Flow M easurement House to House Survey Road Surface Survey enttication urve.y
(Suspected leak location)
Leak Detector v v
Generator v v
Hammer Drill v
Acoustic Rod v v v
Equipment

qup Boring Bar v

Pressure Logger v

Flow Meter v

(Portable type)

Vehicle v v v v

4.4 Setting the Workload

1) How to Set the Workload

The basic data for workload are the working records and the results of the pilot activities in
DMA 3, 4 and 5. The working records are analyzed to calculate the respective working hours.
After that, JET compares the survey quantity of each DMA and calculates the survey quantity

conducted by one team in one hour.

2) DMA3 Workload Analysis

Under analysis.

3) DM A4 Workload Analysis

»  The workload of flow measurement is 4.0 hours per operation.
The flow measurement was conducted by one team consisting of a main team and a valve
team, and the total working hours was 8 hours. Within this time, two flow measurements
were taken, and the workload per flow measurement was estimated to be 4 hours.

» The workload of the house-to-house survey is 10.18 houses per hour.
Two teams conducted the house-to-house survey, and the total working hours was 27.6 hours.
Within this time, 281 houses were able to be surveyed. Therefore, the workload per hour by
one team was estimated to be 10.18 houses.

» The workload of the road surface survey is 235.71 m per hour.
Two teams conducted the road surface survey, and the total working hours was 14.0 hours.
Within this time, 3,300 m was able to be surveyed. Therefore, the workload per hour by one
team was estimated to be 235.71 m.

» The workload of the identification survey is 3.6 locations per hour.

A2-185



Appendix-2
Guideline for Cost and Working Days Calculation Sheet for Leakage Detection Planning

One team conducted the identification survey, and the total working hours was 5.0 hours.
Within this time, 18 locations were able to be surveyed. Therefore, the workload per hour by

one team was estimated to be 3.6 locations.

Workload of DMA 4
Customer density per 1km : 85.15 (Number of costomer 281/Pipelength 3.3km)
Survey item W(Trking hours Quantity of survey Workload of 1 team
in 1 team by 1 team per hour
Flow measurement &Step test 4.0 1.0 4.0 / operation
House to House 13.8 140.5 10.18 / houses
Road surface 7.0 1650.0 235.71 / meter
Identification(Pinpoint) 5.0 18.0 3.60 / location
) DMAS Workload Analysis

»  The workload of flow measurement is 6.0 hours per operation.
The flow measurement was conducted by one team consisting of a main team and a valve
team, and the total working hours was 12 hours. Within this time, two flow measurements
were taken, and the workload per flow measurement was estimated to be 6 hours.

»  The workload of the house-to-house survey is 28.67 houses per hour.
Two teams conducted the house-to-house survey, and the total working hours was 24.0 hours.
Within this time, 668 houses were able to be surveyed. Therefore, the workload per hour by
one team was estimated to be 28.67 houses.

» The workload of road surface surveys is 155.65 m per hour.
Two teams conducted the road surface survey, and the total working hours was 37.5 hours.
Within this time, 5,837 m was able to be surveyed. Therefore, the workload per hour by one
team was estimated to be 155.65 m.

» The workload of identification survey
In DMAS, the road survey and the identification survey were conducted at the same time.

Therefore, unlike DM A4, it is not possible to separate the two working hours.

Workload of DMA 5
Customer density per 1km : 123.96 (Number of costomer 1376/Pipelength 11.1km)
Survey item W(Trking hours Quantity of survey Workload of 1 team
in 1 team by 1 team per hour

Flow measurement &Step test 6.0 1.0 6.0 / operation
House to House 24.0 688 28.67 /houses
Road surface 18.8 2918.5 155.65 / meter
Identification(Pinpoint) = 100.0 = / location
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5) Setting Standard Workload Required for Water Leak Detection Activities
1) Summary of analysis
The following table summarizes the analysis results of DMAs 3, 4, and 5, which formed the

basis for how we set the various workloads.

DMA DMA3 DMAA4 DMAS
Customer density per 1 km 81.75 85.15 123.96
Workload of all flow 4.0 hours/operation | 6.0 hours/operation

measurement activities

Workload of all house-to- 10.18 houses/hour | 28.67 houses/hour

house survey activities

Workload of all road 235.71m/hour 155.65m/hour

surface survey activities
Workload of all 3.6 locations/hour -

identification survey

activities

2) Setting standard workload
The workload set two patterns based on the density of houses per km of pipeline. These two
patterns were decided by exchanging opinions with the pilot activity workers based on the

analysis results. For the workload of each survey, refer to: Guideline 1.3 3) Conditions of use.

5  Make a Test Calculation

In this chapter, we will make a trial calculation using the following hypothetical numbers. Please
refer to the conditions under which the amounts are calculated. This calculation is using the
normal flow in Guideline Chapter 3.

1) Step 1. Create a leak detection plan

1)-1 Plan the quantity of items to be conducted in each survey

»  Number of households: 4,000 (surveyed in the house-to-house survey)

»  Pipe length: 50.0 km (surveyed in both the road surface survey and the identification survey)

»  Number of DMASs: 3 (flow measurements undertaken six times)
1)-2) Consider the number of teams to be assigned to each survey
»  All surveys are to be conducted by one team each (flow measurement is conducted by one

team (split into a main team and a valve team))

1)-3 Check the availability of equipment required for each survey
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»  Purchase all equipment required for each survey

»  The vehicle figure is the ownership cost for each survey

1)-4 Workload settings
» The density of the houses per 1km of pipeline in the target is 80.0 houses per km (4,000
house/50.0 km = 80 houses per km) Therefore, Set the workload as follows in Table 2,3,4

and 5:

Flow Measurement is 4.0 hours per operation.

House-to-house survey is 13.6 houses per hour.

Road surface survey is 235 m per hour

Identification survey is 3.6 locations per hour

2) Step 2. Set up the survey team and necessary equipment for the flow measurement survey

.
in Table 2
Cost Table of Flow Measurement (Minimum Night Flow & Step Test) workload =
Ttem , Description Unit Quantity Unit cost (Rs) Total cost (Rs) Note
EAGCHen | TCo°° 10 247 147 1 Perscnin 1 Team
thour
Main Team Fitter P_;::" 20 182 364 2 Persons in 1 Team
UnSidled | PE5%0 10 159 159 1Person in 1 Team
Tgur
EA(Chief) Persen 10 247 247 1 Person in 1 Team
‘howr
Valve Control Team Fitter p;""" 20 152 364 2 Persons in 1 Team
O
Labor cost \h Un Skilled P;““‘ 10 159 159 1 Persenin 1 Team j
-
Dhans Jaouachy 11 1 lm AL T 1ok T
Nighttime hourly cost Howr 0,50 | Daytime cost™05 770 Night work premium
Total laber cost Houwr - = 23]-0 Daynme + N owrly cost
| Operation Labor cost (1 Operation = Workdoad hours) 9240 Total Labor cost*Weorkload
Trem Unit Quantity - ”ﬁg“ * | Totd prce(rs) Note
Flowe Meter Depends on number of [nlet pont
(Portable type) | 228 Ey 500,000 500,000 1 unit in 1 inlet point
Depends ber of subz
Equipment Pressure Logger Each 49 1,700,000 6800000 i lu: :Tsubmsc“ .
Purchase cost Generatar Each 10 200000 290,000 Lt in 1 Main team
Add equipment cost if need
Total Purchase cost 12,390,000
Equipment
cost
Ttem Unit Quantity "‘""“&:""’“’ Toul price (Rs.) Note
Flow Meter Depends cn number of Inlet point
(Pontsble tipey | TN e 20140 0 1 usitin | inlet point
Depends on number of subzone
75
Pressure Logger Each 00 3,750 1] Lunitin 15 .
Ovmership cost Generater Each 0.0 958 0 1 wit in 1 Main team
5 Vehicle Each 10 2,500 2500 1umit in 1 Main team )
\wu Ownership cost for 1 day 2500 _/
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Section A: Labor cost

» 1 Main team (1 EA (Engineer (Chief)), 2 fitters, 1 unskilled), 1 Valve team (1 EA (chief), 2
fitters, 1 unskilled)

Section B: Nighttime work premium cost

»  Select 0.5 for nighttime work.

Section C: Unit cost of 1 operation

»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

> Select the quantity of equipment needing to be purchased (1 flow meter, 4 pressure loggers,
1 generator)

Select the quantity of equipment ownership (1 vehicle)

3) Step 3. Set up the survey team and necessary equipment for the house-to-house survey in

Table 3

Cost Table of House to House survey workload = - Workload
Ttem Description Unit Quantity Unit cost (Rs.) Total cost (Rs.) Note
- |
EA(Chief) Pﬁ’ 10 247 217 I Person in 1 Team
Labor Fitter Person 1.0 182 182 1 Person i 1 Team -
o
L UnSkiled | TES0 10 159 159 1 Person in 1 Team
o
Labar cost Daytine hourly cost Hour 588
Total labor cost Hour 588
e
1 house survey cost 58 Total Labor costWorkload
Ttem Unit Quantity Uik P’g;‘“ﬂ"“ Total price (Rs.) Note
/ Equipment Acoustic Rod Each 1.0 59,148 59.148 1 mit in 1 Team
Purchase cost Add equipment cost if need
Total Purchase cost 59,148
cost Ttem Unit Quatity "t P"iﬂtfkf:;'nush'p Total price (Rs.) Note -
Eaui Acoustic Rod Each 0.0 166 0 1 mit in 1 Team
Ownership cost Velick Each 10 2,500 2,500 1 it in 1 Team
\ Total Ownership cost for 1 day 2,500 )
o -

Section A: Labor cost
» 1 team (1 EA (chief), 1 fitter, 1 unskilled)
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Section B: Nighttime work premium cost

»  This section does not operate.

Section C: Unit survey cost of per house

»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the quantity of equipment needing to be purchased (1 acoustic rod)

»  Select the quantity of equipment already owned (1 vehicle)

4) Step 4. Set up the survey team and necessary equipment for the Road survey in Table 4

Cost Table of Road Surface survey

I - Workload

Ttem Desariptica Usit Quantity Uit cost (Rs.) Total cost (Rs) Nete
EA(Chief) p::’“ 10 247 7 1 Person in 1 Team
I
Labor Fitter Person 2.0 182 364 2 Persons in 1 Team
hour
Unskiled | 7550 10 159 159 1 Person in 1 Team
thour
—
Daytime hourly cost Hour 70
Labor cost
l Nighttime hourly cost Hour 0.5 | Daytime cost*0.5 385 Niht work premmm
Total Labor cost Hour 1,155 | Daytme + Nighttime hourly cost
I 1 meter road survey cost 491 Total Labor costWorkload
Ttem Unit Guantity Uit "":;Sp:‘&m Total price (Rs.) Note
B
Leak Detector Each 10 463266 463,266 lung i 1 Team
uipent -
e Acoustic Rod | Each 00 9,148 0 luni in 1 Team
urchase cost
0 Add equipment cost if need
Taotal Purchase cost 463266
Equipment |
cost
Item Unit Quantity Uﬂp'i';?:“'w Totad price (Rs) Note
Leak Detector Each 0.0 741 ] 1 und i 1 Team
Equipment . .
Ownership cost Acoustic Rod Each 0.0 166 ] 1ung i | Team
k Vehicke Each 10 2,500 2500 1 unit in 1 Team
otal Ownership cost for 1 day 2.500

Section A: Labor cost
» 1 team (1 EA (chief), 2 fitters, 1 unskilled)

Section B: Nighttime work premium cost

» Select 0.5 for nighttime work.

Section C: Unit survey cost of per m

»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost
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Select the quantity of equipment needing to be purchased (1 leak detector, 0 acoustic rods).

Note: Acoustic rod is set to zero as an acoustic rod was already purchased for the house-to-

house survey in Step 3.

Select the quantity of equipment already owned (1 vehicle)

5) Step 5. Set up the survey team and necessary equipment for the Identification survey in
Table 5

Cost Table of Identification survey

workdoad = - Workload

Item Description Unit Cuantity Unit cost (Rs.) Total cost (Rs.)
EA(Chief) hour 1.0 247 247 1 Person in 1 Team
Labor Fitter P;':: 20 182 364 2 Persons in 1 Team
Unskled | Lo 10 159 159 1 Person in 1 Team
‘heour
—
Daytime hourly cost Hour 70
Labor cost
Wighttime hourly cost Hour 0.0 | Daytime cost®0.% 0 Night work premium
Total Labor cost Hour 770 | Daytime + Nighttime hourly cost
1 suspected leakage survey cost Lecation 213.89 Total Labor costWorkload
Uit Quantity m’”&z‘"””’ Total price (Rs) Note
Leak Detector Each 0.0 463,266 0 Tunit in 1 T{“
Generator Each 0.0 290,000 L] Tumit in 1 Team
Equipment Hammer Dl Each 1.0 23.261 23,261 lunit in 1 Team
Purchase cost Boring Bar Each 10 45275 45275 tunit in 1 Team
Acoustic Rod Each 1.0 9,148 59,148 2 units in 1 Team
0 Add equipment cost if need
Total Purchase cost 127,684
cost it Quntiry |V """E‘R‘:}“‘““P Total price (Rs) Note
Leak Detector Each 0.0 741.00 0 lunit in 1 Team
Generator Each 0.0 958.00 0 Tunit in 1 Team
Egioment Hammer Dril | Each 0.0 44,00 0 lunit in 1 Team
Ownerstip cost BoringBar | Each 0.0 543.00 0 it in 1 Team
Acoustic Rod Each 0.0 166.00 [] 2 units in | Team
Vehicle Each 1.0 2.500.00 2,500 lunit in 1 Team
\ Total Ownership cost for 1 day 2,500 /

Section A: Labor cost

>

1 team (1 EA (chief), 2 fitters, 1 unskilled)

Section B: Nighttime work premium cost

»  Select 0 for daytime work.

Section C: Unit survey cost of number of locations
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»  This section is calculated automatically.

Section D: Equipment purchase and ownership cost

»  Select the quantity of equipment needing to be purchased (0 leak detectors, 0 generators, 1

hammer drill, 1 boring bar, 1 acoustic rod). Note: various equipment was already purchased

for other surveys in steps 2 to 4 (1 leak detector, 1 generator, and 1 acoustic rod).

»  Select the quantity of equipment already owned (1 vehicle)

6) Step 6. Enter the survey quantities planned in Step 1 in Table 1

Total Survey Cost & Working hour Table of Leak Detection

Item Unit Quantity | Unit cost (Rs.) | Total cost (Rs.) Note i
Flow Measurement | Operation 6.0 2310.00 13,860 See the Table 2 for basic data
House to House Survey | House 4,000.0 37.76 131,041 See the Table 3 for basic data
Survey Cost 1 Road Surface Survey Km 00 491 245745 See the Table 4 for basic data
Labor cost Identification Survey Km 500 See the Table § for basic data
cted leak location) . Quantity of Location=
(Suspe Location 2750 213.89 38819 o e Lemathy*
Total Labor cost 549,465
Ttem Uit Total price (Rs.) Hte
Flow Measurement Each 12,390,000 See the Table 2 for basic data
See the Table 3 for basic data
Sarvey Cost 2.1 House to House Survey | Each 59,148
Road Surface Survey Each 463,266 See the Table 4 for basic data
E eat Purchase cost Ientification Survey Each 127684 See the Table 5 for basic data
Total Puechase Cost 13,040,098
Item Unit Quantity Unit cost (Rs) Total cost (Rs.) Note
Flow Measurement | Operation 6.00 2,500] 15,000 | Same as the number of flow measurement
Survey Cost2-2 | House toHouse Survey | Days 56.13 2500.00 140,331 |The daily working hour |Quantity=F27 Thouss
is 7 hours.
) i Road Surface Survey | Days 30.40 2500.00 75,088 [ /IUE Quantity=F 25 Thowss
Equipment Owner ship Quantity="Warking
cost Tentification Survey Days 1091 2500.00 27,282 |hours team' Thours Quantity=F 29 Thours
Total Ovmership Cost 258,601
otal Survey Cost 13,848,164 Tn.dbbw Cost + Total Equipment cost
f Item Unit |Waorking hours |No. of survey team|Working hours Team
Flow Measurement Each 24.00 20 12.00
House to House Survey | Each 39293 10 30293
Working hour Road Surface Survey Each 2127 10 2027
[entification Survey Each 76.39 1.0 76.39
Total Working Hour 706.08 Woerking hour for all teams
orking hour required to complete the survey| 694.1 P,

Section A: Enter the quantities of each survey planned in Step 1.

>

>
>
>

Flow measurement: 3 times

Road surface survey: 50.0 km
Identification survey: 50.0 km

House-to-house survey: 4,000 houses
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Section B: This section is calculated automatically.

Section C: This section is calculated automatically.

Section D: Select the same number of teams as in tables 2,3,4 and 5.

» Flow measurement: 2 teams (Main team + Valve team)

House-to-house survey: 1 team

>
» Road surface survey: 1 team (as in Table 4)
>

Identification survey: 1 team (as in Table 5)

7) Step 7 Evaluate the plan
7)-1 Result of Calculations

[Survey Cost]
Item Cost (Rs)
Labor cost 549,465
Equipment purchase cost 13,040,098
Equipment ownership cost 258,601
Total survey cost 13,848,164
[Working hours]
Item Working hours/Team
Flow measurement 12.0
House-to-house survey 392.93
Road surface survey 212.77
Identification survey 76.39
Total Working Hours 694.1

for leak detection
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Table 1 Total Survey Cost & Working hour Table of Leak Detection
Item Unit Quantity Unit cost (Rs.) Total cost (Rs.) Note
Flow Measurement  |Operation 6.0 2,310.00 13,860 See the Table 2 forbasic data
House to House Survey | House 40000 5176 231041 See the Table 3 for basic data
Survey Cost 1 Road Surface Survey Km 500 491 245745 See the Table 4 for basic data
Labor cost Ideitification Sarvey Km 20.0 Ses the Table 5 for basic data
(Suspected leak location) | 1 i 2750 213.89 58819 Q“";"-‘éﬂ;"_
m 2 lan,
Total Labor cost 549 465
lem Unit Total price (Rs.) Notz
Flow Measurement Each 12.390,000 See the Table 2 for basic data
Survey Cost 21 House to House Survey Each 39,148 See the Table 3 for basic data
Road Surface Survey Each 463266 See the Table 4 for basic data
St Poechao oall niiadn fuvey | Ench 127684 See the Table S for basic data
Total Puechase Cost 13,040,098
Item Unit Quantity Unit cost (Rs) Total cost (Rs.) Note
Flow Measurement | Operation 6.00 2,500 15,000 | Same as the number of flow measurement
Survey Cost 2-2 House to House Survey Days 56.13 2500.00 140.331 |The daily working hour |Quantiy=F 27 Thours
is 7 hours.
ey ; 30.40 2500.00 75,988 [* ity=F287h
Equipment Ownership Road Jartace Sorvey Days s Quantity=-Werking Quantity ours
cost lentification Survey Days 10.91 2500.00 27.282 |hours team/ Thours Quantity=F 29/ Thours
Total Ownership Cost 258,601
Total Survey Cost 13,848,164 | Total Labor Cost + Total Equipment cost
Item Unit |Workang hours|No. of survey team|Working hours/Tean
Flow Measurement Each 2400 20 1200
House to House Survey Each 39293 1.0 39293
Working hour Road Sorface Survey Each 2277 1.0 2127
lentification Survey Each 76.39 1.0 76.39
Total Working Hour 706.08 Waeorking hour for all teams
Working hour required to complete the survey 694.1

7)-2 Evaluation of plan
Examine whether the cost and working hours calculated in Step 7)-1 are feasible or not. If it is

difficult to implement, return to Step 1 and review the plan.

6 Points of Attention for Using the Calculation Sheet
6.1 When Calculating
» Do not change any cell quantities in sheets 1-5 besides the yellow cells.
»  Consider in advance whether the equipment required for the survey can be prepared. It takes
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time to procure equipment. Therefore, the planner needs to have some spare time in the

planning schedule before the actual survey begins.

6.2 When changing the basic cost data of labor and equipment in the calculation

sheet

The basis of labor cost and the basis of equipment cost in each table is based on the results of
pilot activities as of 2021. When planning in the future, if the labor cost and equipment cost do
not reflect the current price, NWSDB can change the unit price. However, it should be noted that
the calculation result will not reflect the actual situation unless the correct basis is used. The
planner must make this change on the right evidence and be approved by the budget and NRW

section in RSC.

6.3 When changing the workload

The workloads in Sheets 2-5 reflect the pilot activity performance of 2019-2021, as explained
in chapter 4 of this Guideline. NWSDB can change the workload in the future. However, it should
be noted that the calculation results will not reflect the actual situation unless the correct basis is
used. The planner must make this change on the right evidence and be approved by the budget
section, NRW section, and chief of site survey in RSC.

Observe the following conditions when changing the workload.

1) Refer to the precedents of surveys conducted under the same survey conditions or conduct test
surveys.

2) Determine the workload (work per hour) based on precedents and test results. Let this workload
be A.

3) Conduct survey workload in the setting of A.

4) When the survey is complete, calculate the actual workload from the survey records. Let this
workload be B.

5) In subsequent surveys, workload B will be used to develop the plan.

6) However, it is necessary to record the survey conditions under which the workload was decided

and leave it as basic data.
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Appendix-3

Introduction of Remote Monitoring
System

The Appendix-3 is a guidance of convenient monitoring system. It was installed in DMAs in
RSC-WS.

It realized the real time monitoring from anywhere.

Considering the remote work and reducing the chance of contact with infectious disease,

the remote monitoring was very much welcomed.
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1 Mechanism of Remote Monitoring System

In DMA 5 the remote monitoring system was installed on site as mentioned below:

HWM Multilog 2 3G Network

Communication

Flowmeter with pulser

Pressure taking point

M

Aichitokei Denki
SU meter

Figure 1.1

Table 1.1

K\\. @ Internet
-

HWM DataGate
(Cloud Server)

)

Web Browser

(Access to HWM Online)

Image of Remote Monitoring System

Necessary basic data of water supply system

User’s responsibility

HWM'’s service

Installation of 3G Modem Datalogger

Data saving in Cloud Server

Preparation of Data SIM card

Data sharing by HWM Online

3G Modem Configuration

Maintenance of Cloud Server

3G Network Fee

Security measures against illegal access

Mobile tablet or PC

Provision of access key

Internet Access from PC

DataGate Hosting fee

Flowmeter with pulse signal output

Connection cable for digital signal

Pressure taking point on pipe

Pressure taking cable with quick coupler

e Y [ N N Z
SlZ ool |N|o o~ |w v S

External battery (if necessary)
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The monitoring system introduced on a trial basis this time is a service provided by a data
logger manufacturer (Halma Water Management). The user can easily check the
measurement data anywhere on the earth simply by preparing a SIM card using the mobile

phone communication network and paying the service usage fee.

Data can be viewed in graphical or table format from any internet enabled device using web

viewer HWM Online or seamlessly integrated into a third-party corporate system.

On receipt of an alarm DataGate can send automatic alerts to multiple users to enable
action to be taken promptly. The system will even store data from loggers it does not
recognize, and then add this information to the logger’s history when it is registered on the

system.

Multiple accounts can be set up and configured to ensure that users only see data from the

specific loggers they require.

p— ch Logged in as rscws. Lo

L out

Site Period Pres. Units Interval
0IC Fanadura DMAS v| [last7Days ~|  Auto ~ Auto v
| 0\ Flow Units: Show
| b Main Recording ot

Eleet Summary... Fleet Map...

Flow Interval:

OIC Panadura DMAS Phone: 50583321428 Site ID: _site_2198 From: 16Apr2021 00:15 To: 23Apr2021 00:15 (15 Mins)

Display time is GMT+5.5.

—— (1 Pressure (m) —— C2 Flow (¥m)

Fressure (M)

Apr 17,2021 1200 Apr 2021 1200 Apr 19,2021 1200 Apr 20,2021 1200 Agr 21,2021 1200 Apr 222001 1200 Apr 232021 1200

Figure 1.2 Monitoring Screen on Web Browser
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2 Use of Pulse Signal

Pulse signals are used in various measurement sites such as automobile speed, water flow

rate, and electricity usage.
However, even if we look only at the pulse signal, we do not know the specific value.

Since a pulse signal is a digital signal converted from mechanical changes such as velocity

and flow rate, it becomes valuable only by analyzing the data.

2.1 Basic Calculation Method of Pulse Signal

In the case of flowmeter, a preset pulse signal is output according to the rotation speed of
the impeller or its passed water volume detected by internal electrical device. Therefore, the
flow that has passed can be measured by counting the pulse signals generated within a

certain period of time.
(1) Frequency of Pulse Signal

“Frequency” indicates the number of vibrations generated per second, that is, how many
times the pulse signal is output. The time required for a pulse signal to make one round trip

is called “Period”.

“Frequency” and “Period” have a reciprocal relationship, and once one is known, the other

value can be calculated.

Analogue Sine Wave

Voltade  \ymper of changes per second [Hz)

/\//VV\/ Frequency f [HZ] PerlOd T [S]

Penod T
1[s]
Digital Square Wave = Pulse Signal
Voltaae Number of changes per second [Hz)
(Hiah)

| | | | | | Frequency f [HZz] e
V (Low) quency ~ Period T [s]

Period T

e Web Browser
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(2) Example of electronic water meter

When measuring with a flow meter that emits one pulse when 10 L of water passes, if the
data logger counts 10 pulses per minute, the passing flow rate can be calculated as 10 L x

10 pulses = 100 L/min.

There are several pulse signal output methods. The following explanation is an example of

mechanism using the simplest open drain method.

An NPN transistor is built inside the flowmeter.
Base (B)

Emitter (E) | Collector (C) @ f“ﬂ
- . " ¢ P
| ’ ] :'v-

Collector (C) ‘ L
+ | |

‘ |
B B I
ase (B) K) Emitter (E) -

Figure 2.2 Mechanism of Transistor

A collector voltage (C), a base voltage (B), and an emitter voltage (E) are generated in the

three electrodes of the transistor and play the role of a switch.

VB <VE No current flows from B to E.
The resistance between C and E is «Q.
— This means “Switch off state”.

VB > VE Current flows from B to E.

The resistance between C and E is 0 (zero) Q.

— This means “Switch on state”.

For example, design so that the base voltage (VB) is momentarily loaded when the flow meter
counts 10 L, and a state of VB> VE is created. Then, every time the passing flow rate reaches
10 L, the resistance between C and E becomes 0 Q, and a state in which current flows is

created.

In this state, a current flow between C and E for a very short time, and the voltage becomes
0V (LOW).
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Pulse Width

>
Pulse

OFF

Voltage LOW

ON ‘
Under 1 mA of current T
& voltage below 1.5V = ON

Figure 2.3 Relation between Pulse and Electrical Voltage

When receiving a pulse signal from the flow meter at the counter, the signal is counted at the

moment when the voltage changes from HIGH to LOW.

When one pulse signal is generated, the resistance between C and E returns to the state of

() until the next 10L is reached.

Until then, no current flows, so the voltage between C and E reaches the maximum value

(HIGH). As long as this OFF state continues, no pulse signal is generated.

(3) Sampling Rate

The sampling cycle at which the pulse is measured is called the "sampling rate", and the unit
is [S/sec] (Sample per second). As the sampling rate becomes faster, the sampling cycle
becomes narrower, so the faster the sampling cycle, the more accurate the waveform can be

reproduced.

On the other hand, when the sampling rate is low, there arises a problem that a pulse having

a short cycle cannot be detected and the pulse width cannot be measured.

That is, the measurement accuracy of the pulse width depends on the sampling rate, and it
is important to set the sampling rate suitable for the frequency and characteristics of the

original pulse signal.
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Input Pulse Signal | [ L L

sworae 1T TTTTTTTTTTT

cannot be detected under this

sampling rate and it was
ignored in a processing
result.

Processing Result | LJ L
s f
The original input signal Pulse width in a processing

result become same value as a
sampling rate, although the
original pulse width is smaller
than this value.

Input Pulse Signal S |

R

l _—
i

The timing of sampling affects
the pulse width because it
produces time deviation
between the original pulse
signal input and the sampling
results.

Processing Result

Figure 2.4 Importance of Selection of Appropriate Sampling Rate

A2-202



Appendix-3
Introduction of Remote Monitoring System

2.2 Test Kit for Pulse Measurement Practice

The process of recording the pulse output from the flow meter with a data logger will be

explained using the following system so that you can understand it in the indoor training.

Project for Enhancement of Operational Efficiency and Asset Management Capacity of
Regional Support Center - Western South of NWSDB in Sri Lanka

Video Lecture

Mechanism of Pulse Signhal Measurement
in
Remote Monitoring System

SR <~
352 l"g;;-'_',;ii!\_JZ‘,'—‘,\,' P
.,x;, c_-,.;.g_,*t"‘ e S ;\,%{fﬂﬁ
-) Produced by:-

(’T1 CTI Engineering International Co,, Ltd.

¥ National Water Supply & Drainage Board Q &% Yokohama (\ater
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(1) Contents of the test kit
A. Electronic turbine flow meter

Nominal Diameter: 13mm Type: Single jet turbine flow meter

Manufacturer: Aichitokei Denki EDS13Q

Specifications:
Q1: 0.025 m®h (0.42 L/min)
Qaz: 0.040 m®%h (0.67 L/min)
Qa: 2.5 m3h (41.67 L/min)
R (Qs/Q1) 100
Pulse rate: 1 L/P (Open Drain Pulse)

Using the electric air pump of this test kit the impeller rotates at a speed equivalent to a
flow rate of about 1.5 m¥h.

LCD Display

When a magnet is put on the
surface  screen, the display
switches to the instantaneous flow

D rate mode.

Low Battery Warning

Pilot Indicator

H"\__ﬁ_,' @
ﬁ Abnormal Warning
J e " Qavalue
Excessive Flow Rate —
Warning R=Qz/Q1
[

Leakage Warning

Trademark

Reverse Flow Warning
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B. Electric Air Pump
This pump is used supply air power to rotate the impeller of a water meter.
The internal battery (4000mAh) Can be charged with a USB cable.

Since the air volume is too large in the default state, it is desirable to cover half

of the outlet with tape.

QAQVNIY

C. Wireless Pulse Logger

The pulse signal output from the water meter can be recorded and displayed as a graph on

a tablet or PC using a dedicated application.

The battery life varies depending on the recording interval.
In case of the free run function, the battery life is the same
as for 1 second regardless of the ¥ recording interval

setting. (when recording interval setting is more than 2

seconds.)
Mode Recording interval

0.1 sec. 1 sec. 10 sec. 1 min.
Real-time Approx. 5 days | Approx. 7 days Approx. 10 Approx. 10
measurement days days
Bluetooth ON
Manual data collection Approx. 14 Approx. 14 Approx. 14 Approx. 14
Bluetooth ON days days days days
Manual data collection Approx. 1.5 Approx. 2 Approx. 2 Approx. 2
Bluetooth OFF months months months months
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(2) Pulse measurement using a test kit

@ Connect the pulse logger and electronic water meter

Connect the connection cable to the LR8512 connection terminal.

C/ 4= il
- \ L1G10 Connection Cable (length approx, 1.5 m)

Red wire: Voltage input (+)

Black wire: Voltage input {-)

—
Output Cable 1

White

Black

Red P(+)

Green (Grou

@ Configure the pulse logger LR8512

(Common areas of each mndel are described.)

HICHEC] r q:}__ II _-\-"“".I

‘ ] © R ?
Displa ' '
[ play i ! Battery cover

—_— (p.30}
--.n,.ﬁ,ﬁr_,_ o [ (oo &
r—?:m« —

1

A2-206



Appendix-3

Introduction of Remote Monitoring System

Operation keys Press briefly Hold down
(for at least 2 seconds)
1 Power Bluetooth ON/OFF Power ON/OFF

Display change

2 Display @ YES (During operation -
verification)
REC NO (During operation Measurement start/stop

3 Measurement =TOR

verification) as manual mode

communication.

Note: To save the battery life, select OFF in Bluetooth mode if you do not need frequent

Measurement Workflow

>

1

T o i
e

Install the software on the Windows® PC.

™« Wireless Logger Collector
A <@

- Logger Utility

Register/remove device

When no wireless logger is found

« When the ﬂ symbaol in the screen is off, press the power key to turn ON the Bluetooth
function.

+ When the 4l symbol in the screen is off, a wireless connection is not established. Place the
instrument closer to the PC or remove any obstacle and then search for the logger again.
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Registration

=| Home
A o Wl = i
BB RMO CDHEE
Copy Paske Learch i Lelect Unselect Cpen Calumn
JEelet | Al
Edit Salact V=
@ 2 | thst
iy .! o ng & E a
il LRAS12 (20000023
+ &l LRA513 (20000031
1' ﬂ +- gl LRAS14 (20000040
RegliTerramone oavece o il LRAS15 (2000005

I Found devices 38 areies | 2 f [ —

Modd SeralMo.  Inleddsce & MaAC | =  Semch | Model & SeislMa.  Inbeface [ L [ Cancel
& resiz 200000207 mersLY DO BOTR A4S CF |

Bl tresaz  woocats  meRsLT) D07 BO0:45: 06

i ez dooo00ie  meRAULD ogr st (N 4 |
B LRESI  140MATLIT  DEFAULE) Lt e ] . .

B iResi3 200000302 DEFAULT DT SORASES,

= JUHERESS T D307B048:40:E4

HI.HSH 1000opIE  [DEFAULE) LEca R IR e

= QU TERERTEET YRR 1 L) D 80285884

= EUELUERERIEETLITI L DO B0:28:38: 29

EI.PBSI-i 141784852 DERALILT) D0 303 55 3T |

Bl thesis  consz  meRaULT) D07 B0 D TE 5
Hl.ﬂﬁiH J000CeE  DEFAILT) LEerEe i L ee B

B wresas ameosns  mEFAULD DT 014D o I

T+ 4 CHL : { Comment ]

b 1 ¢ Ficed Ch
E;:E D 'I:m 41 R R e - we— t 1 ening 1 Limen | BN Fomer Sew :r.nm T trtarfucn
:;‘.;: :.rln unaai " 2 ;'l L ; S
a— kLI ke PR FREE i i raearer ] —_— =
r it
(1 } '@ St [ Tnc. - | ontrman
Ao e
GiHigll LRAsEE (2000mIzHY) P i :
il LFASEZ [20mmIaLrE) LER RN o]
d o Jil] LRSS [2OO0GE1E)
Frghleirerons diie [l LFE5LE (200000505
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4 Send the measurement conditions to the instrument.

e

[

=

299,

= | rl))) E

g | II|
: You can also start
measurement by
i holding down this
Ja’ button.

4

Start Colledtion

——
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Basic Operation Procedure >

[Operation flow]

(T ] =7 e S it =
e
7 E D -:-. i: “ ! W Capticn e o
L _,_|J LY i IN-ST T UTEY ey
Caareh | Tamd Liepsdark Colomw  Tash Lnmgim {157 Ve
1 Lrimdt & 2 Sipw "l . " ot R 3
[ e wirs e rnensien
=
Ml L]
" -8 thlrl:r § Sapttingt - CompUlEr
4 Comguter [ ol Ay Ity ase  Isleilace Raiu
v 'M:':"' "jm'_:"'f" il omia 00BN 300008318 DU
' _H ﬁ;" ':;:m':'z' iR TNDOOTNE  J0000831R LT
¥ £l i
S LRANLA (AN B e st 3Mo0dean: e
= PLELALRRT e -
& s NI JEOC0SSNE ErET
Cukns L =]
a2

.f | et [ Wasiorng

Coilectian | boens

F 7

1 Select one of the following categories from the Navigation bar.
[Register/Settings]
[Measurement/Monitoring]
[Collection/Browse]

[Maintenance]

2 Select a group and wireless logger from the wireless logger list.

3 Select the item to be displayed from the wireless logger/channelffile list.

4 Press the operation button of the Navigation bar.

Or right-click the item in the list and select the operation from the displayed menu.
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Setting Measurement Conditions

)

Set the measurement conditions for wireless loggers.

(& % L]

-j:n .]:‘\ ? ,‘I ¥ Caphan Bar

o Dl Winilaw

SRAEN | LA UMEEN LELUTN rem LIRJUSJR vrEe Ran
Fhelerd | Ak e 2 Saa = ¥ ke Bar
Bd Sabect W WAndaw I erasbion.
1 7 3
D R settegs B B Reyister £ Settings: Computer
! Computar ] .I.'Ilﬂl. 4 Gensl Ko .nu-rp Il.lm " Inimrisce
v I‘?'“? R il = [ -5 000ME 0004 [DEFAUT
i E "35:: :z‘}:}km"l?;' - I OGS ZDO0SCIES sy
| S s Bl e OO HO0B00T DRI
Rrpiaeiimaes dinke il s (memses) = LR FRODRA0S [N

Heal L,

=) reanramare

Becarding Infesdl

£ il

Hie Cormreet

CH - { Commant |

T T | Scaimg
[T |

£ Bim

1 B'-rﬂ-u“hvn-—i;

300 4101 /00 a0
dam
TR :-lh y

AN AP0 O (Beremars cheri)

1 Select [Register/Settings] from the Navigation bar.

2 Select the target wireless logger.

1 remfuce

3 Click [Open] on the Ribbon bar. — The settings dialog box is displayed.
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Setting measurement

[Recording Interval]
Allows you to set the interval to import data.
Setting options:
0.1 sec., 0.2 sec., 0.5 sec., 1 sec., 2 sec., 5 sec., 10 sec., 20 sec., 30 sec., 1 min., 2 min., 5
min., 10 min., 20 min., 30 min., 1 hour
In this trial system with EDS13Q, the air pump blows between 1 and 2 m?%nh of air into the
meter, so the meter will emit about 20 pulses per minute.
Therefore, in this trial work with HIOKI LR8512, select “1 min”.

[Continuous Recording]
Allows you to set a processing method when the memory is full.
Setting options:

Off (One-time): Stops recording when the memory is full.

On (Endless): Overwrites old data when the memory is full.

In this trial work with HIOKI LR8512, select “On (Endless)”.

[Title Comment]
Allows you to set the title comment. (Up to 40 single-byte characters)

The characters entered are converted to the following symbols.

A2 2 (Superscript)
A3 3 (Superscript)
~U U
~C ®©
~e €

In this trial work with HIOKI LR8512, input “Trial” as a title comment.
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[Scheduled Record Start]
Measurement can be started at the specified time.
If the current time has passed the preset time, measurement is not started.
Setting options:
OFF (The preset start function is disabled.)

o Starts recording at the preset time.

The instrument enters the recording start standby state at the same time as
the Scheduled Record Start ON setting is sent. Measurement start by signal

communications cannot be accepted in this state.

In this trial work with HIOKI LR8512, select “OFF”, because we use manual

operation mode.

[Scheduled Record Stop]
Measurement can be stopped at the specified time.
If the current time has passed the preset time, measurement is not stopped.
Setting options:
OFF (The preset start function is disabled.)

o Stops recording at the preset time.

In this trial work with HIOKI LR8512, select “OFF”, because we use manual

operation mode.
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Setting the channel

The channel to be set is switched.

CH1 : { Comment )

[#7] hane 7 sconsy | L mam | & rewcr sarc 2 errenen | D Duoro

ChattEnmg Preventss Firggr (O L
Fmiil Tigse G T * Dhebechesn Livel 1y L4

Slope Rie =

In this trial work with HIOKI LR8512, no need setting for CH2 and delete the check

from CH2 measurement.

[Measurement]
Allows you to set measurement to ON/OFF.

Setting options:

] Does not perform measurement

Performs measurement

After updating the firmware of Wireless Logger Collector, this selection mode will

not appear.

[Comment]
Allows you to set the channel comment. (Up to 40 single-byte characters)

The characters entered are converted to the following symbols.

A2 2 (Superscript)
A3 3 (Superscript)
~U u
~C ®
~e €

In this trial work with HIOKI LR8512, remain this part blank
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LR8512 Wireless Pulse Logger

Making setting for integrated measurement

The number of integrated pulse output from the integrated power meter or flow meter is

measured.

[ Seteings : LRASED [5/M: 200000714, 0:I00000E4}F E

CHL : { Comment |

Sharme T Ry | LT — | B rovws Sews " [ Tr—— 1 EX niteatfare

1 Select the channel to be set and check the Measurement checkbox [[v]] (ON).

2 Select the input type.
Setting options:

Instantaneous Measures the number of pulses input to the instrument
within the recording interval.
The number of pulses is reset for each recording

interval.

Add Measures the number of integrated pulses after

measurement starts.

L

Instantaneous Addition

In this trial work with HIOKI LR8512, select “Instantaneous” mode.
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3 Select the measurement reference (slope).

Setting options:

Rise Integrates the number of times the pulse changes from LOW to
HIGH.

Fall Integrates the number of times the pulse changes from HIGH to
LOW.

In this trial work with HIOKI LR8512, select “Fall” mode.

1 High Voltage

Detection Level

? f Low Voltage
Rise

ov

4 Select the HIGH/LOW reference value (detection level)
Setting options:
1V Determines 1.0 V or higher to be HIGH, 0 V to 0.5 V to be LOW.
4V Determines 4.0 V or higher to be HIGH, 0 V to 1.5 V to be LOW.

In this trial work with HIOKI LR8512, select “4V” mode.

5 Select the chattering prevention filter setting.

Setting options:

OFF Turns OFF the chattering prevention filter.

ON Turns ON the chattering prevention filter.
For mechanical contact (relay) output signals, a count error due to

chattering can be prevented.

In this trial work with HIOKI LR8512, select “OFF” mode.
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Setting scaling for integrated measurement

The number of integrated pulses

measured.

can be converted to a physical quantity for the object to be

For a pulse output instrument, the physical quantity per pulse or the number of pulses per

basic unit (example: 1 kWh, 1 L,

\ 4

Mest (A

.

0] Settings : LRES12 [5/M:200000214, [D-300000014)*

1 m?3) is defined.

CHA : { Corment

[5d Mepmmement ! Fals ] [H scaiing Ll W | B roversoe 6 Emaooment ! EX mierfape
1 I'\-:Junq Do L I Shosw Decimal Placee an Dedce ALTD -
l2"7\.«\-":: w I Aumiiary Unk on Dedce K -

Whathor 1| Eanat

Sak by Puiig

p—

Pubies

1 'I
i

[ | cands

1 Select the display format of the scaling value.

Setting options:

OFF No scaling
Decimal Displays the converted value as a decimal number
Exponential Displays the converted value as an index number.

Wireless logger display is in a decimal number only.

In this trial work, select *

2 Set the unit to be converted

‘Decimal” mode.

(up to 7 single-byte characters)

The characters entered are converted to the following symbols.

A2 2 (Superscript)
A3 3 (Superscript)
~U u
~C ®
~e €
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3 Set the physical quantity per pulse or the number of pulses per basic unit
The electronic flow meter (EDS13Q) emits pulse signal per 1 L of water flow, so in
this trial work the scale setting shall be the followings:
Scaling: Select “Decimal” option.
Unit: Input “L” from keyboard.
1 pulse = +1.000 L

Setting the displayed digit under decimal point

The measurement value is displayed with the decimal point fixed to the specified digit.
Setting options:
AUTO Displays a 4-digit value (0,000 to +9,999). The decimal

point position is changes as needed.

0 Digit / 1 Digit The decimal point is fixed to the specified digit.
2 Digit / 3 Digit

In this trial work, select “AUTO” mode.

Setting the auxiliary unit

The value obtained when the measurement value is multiplied by the constant shown in the
following table is displayed in the wireless logger screen. (The measurement value is not
affected.)

Setting options:

 (micro) x108

m (milli) x108
- x1

k (kilo) x10-3

M (mega) x106

Reset

The conversion parameter (conversion ratio, offset, input, output) is restored to the default

setting.
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Sending the settings

The setting conditions edited in Wireless Logger Collector are sent to and set for wireless
loggers using wireless communications.

I..e‘i:;?‘;:-!_-i-;.:-.-Mw-..-..w-. v

:.'\.'\.:,'\.'\.:,'\.-\.}'\.'\.}'\.\.}-\.'\.}'\.'\.}'\.'\.}\'\.}\'\.}'\.-\.}'\.'\.:.'\.'\.:.-\.'\.:.'\.'\.:.'\.'\.:,'\.'\.:.'\.'\.:.'\.-\.:.'\.'\.:.'\.'\.}-\.'\.}'\.'\.:.'\.'\.:.'\.'\.:.'\.'\.:.'\.-\.:,'\.'\.}'\.'\.}-\.'\.}'\.'\.:.'\.'\.}'\.'\.}\\}\\}\\}\.\}vi:1“‘iﬁ|

] . m & ——
| &5 O R, e
Gooy Mim fmish | Wi Umein des s Poml lmppt By 0 Nee
iegri | aE i L 4 Ty

n Nedwe rnmmpin e
i 2

i e

.....

mica T b HEsrms et gET

ﬂ'ﬁ\!ll OB R IEFAILN
| = [t RN, RN MTALLR

1 Select [Register/Settings] from the Navigation bar.
2 Select the target wireless logger.
3 Press [Send].

Receiving the settings

To confirm the current setting of logger, you can proceed to the following steps using wireless
communications.

“mEO SHHR ¥ el @

& Owiowd 'Windosr
looy Pl foesh | Sed Urerkrd Opie
tabari | AR

Comn Forl Imrpupt Sk
i fer s .

¥ ke o
[ el

& [l LR (2L
v [l LRI ISR
B LRSS

1 Select [Register/Settings] from the Navigation bar.
2 Select the target wireless logger.
3 Press [Receive].

When the settings are received, the settings of the corresponding unit are all

overwritten. The settings cannot be restored once they are overwritten.
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Detail of Display

Display Description Display Description
1 aa Channel (CH) 2 Lit: Average recording mode
Blinking: During monitoring AVG | Blinking: Maximum recording
MAX | Maximum value MODE |mode (LRB513 Wirsless Clamp
MIN  |Minimum value Logger only)
AVG | Average value 3 Lit- Bluetooth ON
Blinking: Bluetooth OFF
Data number
€ |(The power saving function is
[UNIT]/ |Unit number enabled.)
Off. Bluetooth OFF
@ Date and time ue -
Bluetooth connection status
Operation verification (3 levels)
(Signal strength
2 Measurement I - :
Lit: Performing measuremeant il 12 Weak to 3- Sirong)

[IZ4 |Blinking: Waiting for a Blinking: Security lock
measkjrement start to he Off: Bluetooth not connected
prese
Alarm fl |Operating with the AC adapter
Lit: The current measurement Battery indicator display
value is outside the range. LCLT) ip. 31

x| Blinking: There was a value : -
that was outside the rangs 4 Displays the unit of
but the current value is in the measurement values.
range. (Alarm hold)

-

+ While the Bluetooth is being connected (the antenna symbol (ul) is lit), it cannot
be turned off.

+ The power cannot be turned off during measurement.

+ During real-time measurement using the LR8410 Wireless Logging Station, the
measurement cannot be stopped with key operation on the instrument.
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© Check the displayed value of the electronic turbine flow meter

Before starting the test, check and record the readings on the electronic turbine flow meter.

BHAEAHgse

Ch=4L
R=100
e nga Sz
®H

@ Start recording of pulse logger

In this trial work, you start measurement by manual mode.
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- 1 .m y' . ¥ Captian Bar
A MO IR €W o
SEI 5 ‘:‘_I C;ij] '\ S 7 Quigsst Window
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EdR Sadwct W Windaw Tofanmsd
e -
= 2 .
il Fems St Fomnnly B scicsrcnant ¢ Weitnriong - Camptes
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1 Select [Measurement/Monitoring] from the Navigation bar.
2 Select the target wireless logger.
3 Press [Start].

This start/step can also be controlled by manual mode as follows:

| { Lﬂ Display

Hold down the button 1 for 2 seconds to start up the pulse logger.
Next, hold down the button 3 “REC/STOP” at least 2 seconds, and REC sign will appear on

the display. Then Wireless logger measurement is started.

@ Start the electric air pump and wait for 3 minutes.

Press the ON / OFF button of the electric air pump to send air into the flow meter.

Wait for about 3 minutes while checking that the value displayed on the meter is increasing.

® Stop the electric air pump

After about 3 minutes, press the ON / OFF button of the electric pump to stop.

@ Stop recording of pulse logger

Select Stop in the same way as you started.
or
Hold down the button 3 “REC/STOP” at least 2 seconds, and REC sign will disappear on

the display. Then Wireless logger measurement is stopped.
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@ Check the displayed value of the electronic water meter and calculate the passing flow rate

Before starting pump: A(L)
After stopping pump: B (L)

Passing flow: B-A(L)

© Download recorded data of the pulse logger

Collecting Measurement Data

Measurement data is collected from wireless loggers. Measurement data can be collected
even while wireless loggers are being measured. Measurement data is periodically collected

until the data collection is stopped once the collection interval is set.

2 v Wewke Legger Colecir e

IR B
S

[ TLATTTTTEE 41 ]

R

[T

[T

1 Select [Collection/Browse] from the Navigation bar.
2 Select the target wireless logger.
3 Press [Start Collection].
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Browsing/Analyzing Measurement Data

You can select the one of the following two ways to check the downloaded pulse data:
> Display with Logger Utility software

» Export data in csv format — Confirm it with MS Excel

[Logger Utility Software]

Logger Utility Software is for analyzing signal waveforms such as current, voltage, and
temperature, and is not normally used for pulse loggers.

However, with this software, it is possible to check the data without downloading the data
recorded in the pulse logger.

Collected measurement data can be displayed in a waveform using the Logger Utility.

T v e L G S|

s -
1 i~ - .
|ETR Sl |

Tl L}

i g

: A | .
|#a

THE (Rl

|
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-~

D Db

3 ¥
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g o

1 Select [Collection/Browse] from the Navigation bar.

2 Select the target wireless logger.

3 Double-click the target wireless logger in the list using the mouse.
4 Select the measurement data to be browsed from the list.

5 Press [Open Logger Utility].
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(O Calculate the flow rate from the recorded value of the pulse logger and compare it with the
actual passing flow rate.

When the Logger Utility starts, the following screen is displayed.

You can switch the measurement data display method of the main screen among waveform

display, list display and waveform plus list display.

1 Click the [Display Setting] tab on the right side of the main screen to open the setting
window.
2 Each click of the [Switch] button switches the display of the main screen.

Selectable items:

List Display Displays waveforms data as numerical values. It is also

possible to display calculation results.

Wave Display Displays measured waveforms.

Wave + List display  display both the waveform display and list display in one

screen.
2 List Display
e s —— — —————————————— — ¥En
T A | e

Onlaed, LEE, Wi LER]

- Wavelorm Displiry Settings m = = i = 55 —
St Screen FF w i M St e o .

5
i. =
TiEadDIY 50 W - ;-. =
= o -
i Fredsdioe v B8 Waveform Display =
chanmalMator [ Crarmrl e v |
Backgownd  [White - g 2 L = R eoerreeeio .___""__
Gaage o |l w r- B
g i
List Display Seltings - ~
ouieicimcoons B NN E ist Di
Doy T | Anaog 3 E s Waveform + List Display
LASER Wiwrys 1< F . e r——————
[ e -
; "

Lomman Setnngs ' s = . —_— .
Tirwm Pieplay Bkt Tine = — — = = -

Lk Diipiary Cectima Lo T _.".:.
Cooeonk Display  OFF w . . : A .

Temperatra URE T w

dustos Uipadake

[ ange shiests dabg messurensnt

Changs Intorel (51200 s

In this trial test, the waveform is not displayed because it only counts the pulses generated

every minute.
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@ Example of trial test

No

Action and record

Photos

Meter reading before starting the test
Meter reading:
0000 m?3 566.5 L

Start recording of data logger

— Start the electric air pump

— Stop the electric air pump, after 3
minutes

—  Wait until the meter counter stops

— Stop recording of data logger

Meter reading after stopping the test
0000 m3 644.5 L

If you attach a magnet to the top of the
meter during the test, the instantaneous
flow rate will be displayed.

Instantaneous flow: 1.56 m3/h

Passed flow:
644.5-566.5=78.0L
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No Action and record Photos
6 | Recorded data in the pulse logger: oo =
Initial 1 minute = 24 L Tine w
Next 1 minute = 25 L '20-10-02 19:24:54s 0.0000
) _ '20-10-02 19:25:54s 24.0000
last 1 minute =24 L 20-10-02 19:26:54s 25.0000
Total =73 L '20-10-02 19:27:54s 24.0000

Error = (78-73)/78*100 = 6.4 % (Note 1)

7 | Calculate the instantaneous flow rate

from the value of the pulse logger:

25 L/min — 1.5 m3h

It matches the recorded value of the

water meter.

Note 1: The longer you record the data, the smaller the data error is.
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Appendix-4

Mechanism of Ultrasonic Flow Meter

This Appendix explain the principal of ultrasonic flowmeter and
mentions how to measure accurately.
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(1) Characteristics of Ultrasonic Waves

An UFM is a flowmeter that obtains an output proportional to the flow rate of a pipe by utilizing
the phenomenon that the speed at which ultrasonic waves propagate in a liquid changes

according to the flow velocity of the fluid.

The characteristics of ultrasonic waves are that they have a slower propagation speed and

a shorter wavelength than radio waves.
Propagation velocity of Radio Waves: approx. 300,000 km/second in air
Propagation velocity of Ultrasonic Waves: approx. 340 m/second in air

When the distance of an object is extremely large, such as a broadcasting tower with a
distance of several tens of kilometers or the distance of a celestial body, the propagation

speed of radio waves becomes practical and is used for radar and communication.

However, at a short distance in the pipe, the arrival time of radio waves is extremely short,

and it is extremely difficult to detect the difference in propagation time.
For this reason, ultrasonic waves with a slow propagation time are practical for flowmeters.

The "sound heard by the human ear" is said to be in the range of about 20Hz (bass) to
20,000Hz (treble). Sounds outside that range, that is, low sounds below about 20 Hz and

high sounds above about 20,000 Hz, are called "ultrasonic waves".

"Sound" including ultrasonic waves propagates in a gas, liquid, solid, etc. as a medium, and

does not propagate in a vacuum.

In addition, the ease of transmission differs depending on the object. For example, the
propagation efficiency tends to increase in the order of gas < liquid < solid, and the speed
tends to increase in this order. The speed of sound in the air is about 340 m / second, but in

water it is about 1,500 m / second.
(2) Advantages and disadvantages of ultrasonic flowmeter
[Advantage]
> Not affected by liquid temperature, pressure and viscosity.

» As long as it is a liquid through which ultrasonic waves pass, it does not

matter whether it is conductive or not.

> Low pressure head loss
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» One flow meter can measure a wide range of flow rates.

» In the case of the clamp-on type that can be set on the outside of the pipe,

pipe cutting work is not required.

» Since the structure is symmetrical upstream and downstream, it is possible

to measure the flow in the opposite direction.
» The response speed is fast and it can follow the pulsatile flow.
[Disadvantage]

> If air bubbles, foreign substances, etc. are mixed in the liquid, an error will

OoccCur.

» Rust and deterioration of the inner surface of the pipe affect the

measurement accuracy.
» Straight sections are required in the upstream and downstream parts.
» Clamp-on type measurement accuracy is about 2 to 3% of full scale.
(3) Measurement principle of ultrasonic flowmeter
The type of ultrasonic flowmeter currently on the market is mainly the " Transit Time" type.

[Transit Time Method]

\Jﬁansducer "A"

Flow Direction

V (m/sec)

Transducer "B" L"\

Figure 0.1 Principle of UFM

Several transducers (ultrasonic sensors) are placed in a pipe at a predetermined position

to alternately transmit and receive ultrasonic waves.
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When there is no flow, the time for ultrasonic waves to propagate from upstream A to
downstream B (Tapb) is equal to the time for ultrasonic waves to propagate from B to A
(Tba).

When there is a flow in the tube, the ultrasonic waves transmitted from A to B are in the
forward direction of the flow, so they propagate faster than when there is no flow. On the
contrary, when it travels from B to A, it opposes the flow, so the propagation time is

slower than when there is no flow.

The ultrasonic flowmeter detects such a difference in propagation time and calculates
the flow velocity of the fluid by the principle formula. The calculated value is the average
flow velocity, and the flow rate is calculated by multiplying this by the cross-sectional

area in the pipe.

[Calculation Formla)

V: Flow velocity of liquid

Tab: Transit time of ultrasonic waves from upstream to downstream
Tha: Transit time of ultrasonic waves from downstream to upstream
L: Transit Distance

C: Velocity of sound in liquid

8: Angle between the flow direction and the propagation direction of ultrasonic

waves

With above-mentioned factors, we can get the following formula:
Ta=L/(C+V-cosB) and Tra=L/(C - V-cos0)

From these two formula, we can get “V” value as follows:
V=(L/ 2-cos6) - (1/Tab - 1/Tba)

When we set Q as flow volume, and D as diameter, we can get a following formula:

Q=(n-D2/4)-V

A2-231



Appendix-4
Mechanism of Ultrasonic Flow Meter

Transducer "A"

A

Flow Velocity : V

—> D

Transducer "B"

Tah .._:
< Tba
Emission Reception
From "A" to "B" /\ /\ /\ [\ = =
7 A A ’
From "B" to "A" /\ A /\/\ .\ <
\_/ : B T "
:%:

Difference of Transit Time

Transit time from "A" to"B" : Tab = L/ (C + V cos0)
Transit time from "B" to "A" : Tha =L/ (C -V cos@)

Figure 0.2 Calculation of velocity with difference of transit times (AT)

It should be noted that the above-mentioned calculation formula is a simplification and

is not strictly correct.

The flow velocity V for converting to the flow rate must be the average flow velocity of

the entire pipe cross section.

However, the flow velocity measured by the ultrasonic flowmeter is the average flow
velocity on the path through which the ultrasonic waves propagate (called the line

average flow velocity), not the average flow velocity of the surface.

Therefore there is an error between “Line Average Flow Velocity” and “Surface Average

Flow Velocity”.

In an actual flow meter, the detected flow velocity value is corrected to the surface
average flow velocity by the "flow rate correction coefficient", and then the flow velocity

is calculated by multiplying the cross-sectional area.
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(4) How to install the transducers

[V Method] P L N
* g
Transducer Transducer
— [ —

/ M

{
|
° >\ Flow B >

\I
|
/

Figure 0.3 Setting of transducers in V method
This is the most basic and simple installation method, and is called the reflect mode.

Since the transducer (sensor) can be fixed to one guide rail and attached to the pipe, it

is easy to set the distance between the sensors accurately.

If the resin pipe (PVC or PE), large-diameter pipe, or inner surface is treated with mortar

lining, the V method may not be able to receive the signal well.

Normally, the V method is selected, but in the following cases, the Z method, etc. is
applied.

» When the installation space is small
» When the turbidity of the liquid is high
» When the received wave signal is weak

» When the scale is thickly attached to the inner surface of the pipe

[Z Method] PR
Transducer
—

( |'/\\
E[ >\ Flow | y I\<|
\/ J

—d
Transducer

Figure 0.4 Setting of transducers in Z method

The Z method is known as direct mode.

Since the propagation path of ultrasonic waves can be shortened, it can be applied to
flow rate measurement under fluid or pipe conditions where ultrasonic wave propagation

conditions are not good.

Since synthetic resins such as PVC or PE are less likely to propagate ultrasonic waves
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than metal pipes, it is recommended to use the Z method if the material of the tube to

be measured is synthetic resin.

In addition, since the required straight section of the Z method is half that of the V method,

the Z method is used even when there is no installation space.

(5) Recommended Condition of Transducer Setting

The transducers of the ultrasonic flowmeter cannot measure accurately unless it is fixed in

an appropriate position.

Table 0.1 Recommended Distance for Detector Setting
Classification For upstream side For downstream side
— L=5D
o
=]
- L =100 m
90° bend § L — |l \
s \‘:: ,” 3 %
=] J_,,'
= Detector =
-
£q [ L= 10D
£ _Q L= 50D ih |
Tee = 1\ o L ﬂE
FH'_. \.Th [ ﬂ 0 NV
Mare than
10D ‘ =
c
£0
HEJ =} L=30D Lz5aD
Diffuser = __ ‘ T
5 — S —
z1.58D
L=10D L=&D
- m ——
Reducer | —I- ﬁ |3 — I o
L= 30D L=10D
[l fa
Valves E | _jlt — [ .”. { f— |l ﬂ. [hl_ T
Flow contral valve exists on upstream side, Flow control valve exists on downstream side.
Stop valve =
Check valve \ / i I
L=500
e |
e )
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The piping must completely be filled with fluid when it flows.

Pipa may not be filled with liguid,

Air-collecting %
% Fipe may %
not be filled WA

l with [iquid, ﬁ
T Good
Pump Good

Figure 0.5 Ideal Location of Transducer (1)
For a horizontal pipe, mount the detector within =45° of the horizontal plane.

For a vertical pipe, the detector can be mounted at any position on the outer circumference.

Alr bubbles
Pipe /

A |

Horizontal plane |/ v
|I\'Kt I." _Ii
== /
45°
Deposits of
sludge

Figure 0.6 Ideal Location of Transducer (2)

Avoid mounting the detector near a deformation, flange or welded part on the pipe.

7

\
Welded part Flange or welded Welded part

Figure 0.7 Ideal Location of Transducer (23
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(6) Understanding Accuracy of UFM

All flow meters have an error in the equipment itself and it also applies to the ultrasonic
flowmeter. Since the transducer is installed by a human, the position and accuracy of its

installation greatly affect the error.
1) Influence of flow velocity

Since the ultrasonic flowmeter measures the flow velocity in principle, the guaranteed

accuracy differs depending on the flow velocity of the flowing water.

Normally, if the flow velocity is 2 m / second or more, the measurement accuracy is very

stable, but it should be noted that the slower the flow velocity, the larger the error.

Table 0.2 Guaranteed accuracy of ultrasonic flowmeter

Diameter Range of velocity Accuracy
13mm ~ 90mm 1 m/sec or more +/-2.5% of reading value
Less than 1 m/sec +/-0.02 m/sec (')
100mm ~ 250mm 1 m/sec or more +/-1.5% of reading value
Less than 1 m/sec +/-0.015 m/sec
300mm ~ 5000mm | 1 m/sec or more +/-1.0% of reading value
Less than 1 m/sec +/-0.01 m/sec

Source: Instruction Manual of UFP 20, Tokyo Keiki
[Example of accuracy calculation"]

In case of Pipe of DN 50mm

Accuracy is £0.02 m/sec under 0.9 m/sec of velocity
+0.02 = 0.9 m/sec x E/100
E = +0.02x100/0.9 = £2.2 (%)

Accuracy is £0.02 m/sec under 0.5 m/sec of velocity
10.02 = 0.5 m/sec x E/100
E = £0.02x100/0.5 = +4.0 (%)

2) Influence of error of diameter

It the diameter of the pipe to be input is not correct. It affects the measuring result. As
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a rough calculation, if the difference of diameter is 1%, the reading flow rate will have
about 3% of error after conversion of flow rate.

Table 0.3 Comparison of area value under difference diameter

Inner Diameter

99mm
(Area: 0.007694m?2)

100mm
(Area: 0.007850m?2)

101mm
Area: 0.008008m?2)

V=0.5m/sec

0.003847 m3/sec

0.003925 m3/sec

0.004004 m3/sec

The following example shows the flow rate error when the inner diameter values differ

by 1 mm.
[%]
i k +1mm
5 2 / - S
T ¢ et G T
_2 -
-4 _//< —{mm
-6 ] ] ] 1 |
100 200 300 400 500 mm¢
Pipe Diameter
Figure 0.8 Influence of 1 mm of difference of inner diameter on flow rate error

3) Influence of transducer mounting interval

As a rough calculation, an error of +/- 1mm of distance between two transducers will
result in a flow rate error of less than 1%.

[%]
B +1mim
1 F
R / Ra [l
— . o III”\"l
w K —t—— | ||
—1F —1mm o
| | | | |
100 200 300 400 500 mmg
Pipe Diameter
Figure 0.9 Influence of 1 mm of difference of transducer spacing on flow rate error
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(7) Comparison with the measured value of the bulk meter

Thermometers and pressure gauges are easy to calibrate on-site, but flowmeters are difficult
to calibrate. When using an ultrasonic flowmeter to check the accuracy of other flowmeters,

the following points must be carefully considered.
» Consider each other's errors in the flowmeters.

Estimate the calibration error by paying attention to the accuracy notation (FS%,

RS%) of each flow meter.
» Collect and consider systematic data if there are differences

Instead of comparing with the flow rate of only one point, write the measurement

data in multiple flow rate ranges on a graph and evaluate it.
» Check the piping system thoroughly.

Even if you think that the piping system is the same, the evaluation may be wrong

if it flows in or out from a branch pipe in the middle.
> ltis difficult to compare two flow meters

Normally, if there is a difference between the measured values of the two flow
meters, it is difficult to determine which is correct on site. It is necessary to
confirm the standard criteria such as the water flow capacity of the pump and the

change in the tank water level for which the capacity is known.
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1 Purpose of collection of data related to the pipe soundness

Water pipe is usually buried and invisible. Therefore, the history of the pipe repair, leakage,
accident, construction, customer complaint, etc. are very useful to evaluate the soundness.

NWSDB is developing comprehensive GIS system, and it must be helpful for the managing
assets. However, the full use of its advantage depends on the accumulation and updating of the

data from daily work at the site.

Water leakage from the pipe is a main factor to evaluate pipe deterioration. Accumulated
leakage data is inevitable for asset management that suggest us the timing of pipe replace.
Information that should be kept on the leakage repair record sheet is as shown below. A model

leakage repair record sheet is shown in next page.

»  Address of leak point and actual point

» Date of repair work and

» Date when water leakage was first confirmed

> Pipe material, diameter, part of leaking point on the pipe (strait, bend, joint, saddle, etc.)
» Rode surface form (asphalt, concrete gravel, etc.)

» Leak volume

» Required material for repairing

» Required time, number of staff, type of equipment and machine
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Table Leakage Repair Record Sheet

The Project for Enhancement of Operational Efficiency and Asset Management Capacity of
Regional Support Center-Westem Scuth of NWSDB in Sri Lanka

National Water Supply & Drainage Board

Leak Repair
Detail Sheet Offoe
Officer
Work day Day I'ﬁme |
Attendance day Day
Work reason Complain Meter reader I Leak detection I Other
Compainer's name &
add
Adress
Leakage location Meter No.
Consumer No.
Coordinate
Type of Leak Metwer | Connection pipe( Joint , pipe ) | Ferrule Distribution pipe
Cause of Leak
Nature of repair Diameter & Matenal
Leake repair Yes I | No | | Leak volumel I M3/h
Material of use
Machinery Used Location(Sketch)

(1)|Power Light (1.5.1)Hrs

(2)|Night work (1.5.2)Hrs

(3)|Water Pump(Dewatering)Hrs

(4)|Others
Measurment
BOQ Item No. Description Unit | L{im) | B(m) | D{m} Cty
Comment
Contractor Officer NWSDB Officer
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2 Use of Geotagged Photograph

Currently, the smartphone is used commonly, and this device generally has the GPS (Global
Positioning System). Therefore, smartphones have function of recording geographic data.
For instance, the photograph taken by the smartphone has geographical identification metadata,
such as latitude and longitude coordinates, altitude, time, etc. It is called that such a function is
geotagging.
The geotagged photograph has the coordinates data as itself, so that we can easily input the
location data of the place where the photograph is taken with the image into the GIS.
To save the workload, it is highly recommended to request your staff member /contractor to take
the photograph at the site and send it immediately to the OIC. Then, OIC is able to know where
the leakage occurs and what type of repair/other measure is taken at the site, and input the all
information on the GIS smoothly.
The following Figure shows an example which the Valve location indicated on the GIS with the

image.

Figure 2.1 Example of the geotagged photograph appeared on GIS

The following points should be taken care of.
» Check the smartphone setting of Camera application and activate the Save Location Mode,
or Location Services, etc.
»  GPSis a system using satellite information, therefore, the location data cannot be collected

precisely under following conditions,
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Inside the building, tunnel,
Between tall buildings

In forest

Thick cloud

The open space is good for the more accurate positioning.

3 Data Pass

Collected should be sent to the GIS of HO through the proper manner.

GCWWMIIP is about to establish the Comprehensive GIS in NWSDB, and concrete data pass will
be finalized. The all concerning officers are expected to properly register all data collected at the

site because it is the essential and precious information.

4 Asset management

Leakage repair works data are required for Asset Management System (AMS). Since the
occurrence of water leakage is an indicator of deterioration of pipelines, it is possible to know
which pipeline has a large number of issues by collecting leakage records. Even if the water
authority tries to keep the pipeline soundly, the cost of keeping it will increase due to frequent
leaks. These pipelines must be given a higher priority of renewal, and renewing can maintain

stable water supply.
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Manuals of Instruments introduced by
the Project

6-1. Ultrasonic Flow Meter
6-2. Water Pressure Logger
6-3. Tapping Machine

6-4. Electronic Test Meter
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Appendix 6.1 Ultra-Sonic Flowmeter

Brand: TOKYO KEIKI
Model: UFP-20
Country: JAPAN

Contents of this manual
1. Battery Charge

2. Unit Setting

3. Transducer Setting

4. Start and Stop Logging
5. Downloading Logs
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1. Battery Change

1. Battery Change

Open side cover, then connect AC adaptor. Please be noted that battery charging will not start

during the main unit runs

RED LED on

Fig. 1.2.34 Battery charge

The GREEN LED will light up when DC power is supplied, also RED LED when charging has
started. Charging will be completed when RED LED turns off.

Please be noted following points

-Main unit cannot be charged during power on. Please turn off the power for battery charging.
-Proper battery icon with remaining levels will be indicated on the display after a few minutes.
-In case it is NOT used for more than 1 mount, battery must be disconnected from main unit
and kept in a cool location.

-To comply with CE certification, do not operate the unit with the charger @legged in.
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2. Unit Setting

2. Unit Setting

Turn switch on. Then automatically Self Check will be carried out. After the Self Check, select
“OK” <F3>

Switch  on  (long

8j9
415]6
112]3
0 =

Select “Installation Wizard” on the basic menu
Select “1: Installation Wizard” by direction or numeric button. Then push “Select” key (F3

button).

Menu

M installation Wizard

. <File Setting>

- <Advanced Setting>

- <Logging Setting>

- <Parameter & Echo-form Viewer>
- <Thickness Meter=>

- <System Setting= Push SRR key

=~ N e WM

CH1:#01

]
Fig. 1.2.6-2 Basic menu
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2. Unit Setting

Select file position as “#No.”

Please select Not-Used area by direction button, then push “Enter key (F3 button).

Select filename

------------

#02: e
#03: o — e
#04: W —mmmm—————
#065: @ e
#06: e ——
#07: & —— - — =
#08: e e e ——
#09: @ e
#10:  —m e ——

[ Back W View File i __Enter |

Fig. 1.2.6-3 File selection menu

Not-used area indicated as “-------- ” and you cannot select this position. To remove site setting

file, please refer to Chapter 2. When you select used area, you can see the following indication.

Do not select this file.

Fig.1.2.6-4 Message of selection not used area

File name input

Please input file name by direction button. Here for example, let’s input as “100/Steel/1M”.

Select Filename
201 I

W #3°c& () +.-./

0123456789, ==="7

ABCDEFGHIJKLM
NOPQRSTUVWXYZ

abcdefghijklm

nopqgqrstuvwxy=
I

Fig. 1.2.6-5 File name input menu

Move cursor to “1” (for example) by direction button. and push “Select” key (F3 button) to

select character. You can see that “1” would set first position as below.
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2. Unit Setting

Select Filename

‘ Move cursor to 1" ‘

Y& () + .-/
23456789 . ===72

ABCDEFGHIJKLM
NOPORSTUVWXYZ

abcdefghijklm

nNopqrstuvwxyz=

L
Fig. 1.2.6-6 Word selection menu

Finalizing file name
By repeating procedure of 1-4, you can input “100/Carbon Steel/1M” as follows. After finalizing
the file name, proceed next menu by moving the cursor to “Enter” and push “Select” key (F3

button), otherwise [SHIFT] + F3 button makes the same step taken.

Select Filename
#01: 100/steeli/1 MR

1"# B Y% & () + .-/

0123456789 <===7

ABCDEFGHIJKLM +— | Move cursor to

NOPQRSTUWVWXYZ [ Deletd] Ents
J Push [N kev

abocdefl, -

nNopgqgrstuvwxy= Enter

[___Back N |

Fig. 1.2.6-9 File name finalize
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2. Unit Setting

Pipe size setting

Input pipe diameter-by-diameter itself or circumference of pipe. You can select which way you
want by direction or numeric button. Here for example, select “1: Diameter” by push “Select”
key (F3 button). Note: diameter should be OUTER diameter. Please refer to

Move cursor R ——

Pipe Condition
Dimension Input
™ Mloiameter

2: Circumference

#01: 100/ Steel/1TM

Input diameter by numeric button directly. Here for example, input 114.30mm as right. Then

Fig. 1.2.6-10 Selection menu by diameter

push “Enter” key (F3 button) to proceed to next step.

Push key

Pipe Condition
Diameter
114.3@] mm
Range
Min. Value 12.00 m m
Max. Value 5500.00 mm
#01: 100/ Steel/1TM

Push key

Fig. 1.2.6-11 Input menu
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2. Unit Setting

Pipe material
Select material of the pipe from default choices or User Defined by direction or numeric button.
Here for example, select “1: Carbon Steel”, then push “Select” key (F3 button) to proceed next

step.

Following sound speed is defined as

default listed material.

Pipe Condition Table 1.2.6-2 Selectable items of pipe
Material material

mCarbon Steel - Sound speed

2: Ductile Iron Material [rn#‘s?

Looaetren Carbon Steel 3200

Lo ookeet Ductile Iron 3000

5: Stainless Steel

6 pve Cast-lron 2500

7 FRP Copper 2270

8 Acrylic Stainless Steel 3100

9- Us e-r Defined Push key PVC (Poly Vinyl Chloride) 2280

FRP 2560

#01: 100/ Steel/1TM Acrylic 2720
| ___Back W |

Fig. 1.2.6-12 Pipe material selection menu
After you select material, you will see predefined sound speed, normally just proceed to next. If
you would like to select any un-listed materials, please select “User Defined” then enter actual

sound speed of the material at the next extra menu.

Thickness of pipe
Input pipe thickness by numeric button directly. Here for example, input “4.50mm”, then push

“Enter” key (F3 button) to proceed to next step.

Pipe Condition
Thickness
4.5@] mm

Push S key
#01: 100/ Stesel/ 1M
[ Back |

Fig. 1.2.6-13 Pipe thickness input menu

Note: Cver %2 of pipe diameter is invalid value. (Max range: up to 100mm)
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2. Unit Setting

Lining material

Select material of the lining from default choices or User Defined by direction or numeric

button. Here for example, select “2: Epoxy”, then push “Select” key (F3 button) to proceed next

step.

2

o W

#0

[=2]

Lining Condition
Material
1:

None

M Epoxy

: Maortar

: Rubber
PVC

User Defined

Push key

- 100/Steel/1TM

Following sound speed is defined as
default listed material.

Table 1.2.6-3 Selectable items of lining
material

Material Scur[1nt1 !ss?eed
Epoxy 2000
Mortar 2500
Rubber 1900
PVC (Poly Vinyl Chloride) 2280

After you select material, you will see predefined sound speed, normally just proceed to next. If
you would like to select any un-listed materials, please select “User Defined” then enter actual

sound speed of the material later at the next extra menu.

Fig. 1.2.6-14 Lining material selection menu

Thickness of

Input lining thickness by numeric button directly. Here for example, input “1.00mm”, then push

“Enter” key (

lining

F3 button) to proceed to next step.

Lining Condition
Thickness

#01: 100/Stecel/1TM

[___Back | Clear

0.0[

mm

Push Sl key

Fig. 1.2.6-15 Lining thickness input menu

Note: Over 1 of pipe diameter is invalid value. (Max range: up to 100mm)
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2. Unit Setting

Fluid Selection

Select fluid from default choices or User Defined by direction or numeric button. Here for

example, select “1: Water”, then push “Select” key (F3 button) to proceed next step.

Fluid Condition
Type

B water

2: Seawater

3: Ethylene Glycol(50wt%)

4: Glycerin

5: Acetone

6: User Defined

Push key

]

#01: 100/Steel/1M
[ Back 8 |

Fig. 1.2.6-16 Fluid type selection

After you select material, you will see predefined sound speed and viscosity, normally just

proceed to next. If you would like to select any un-listed fluid, please select “User Defined” then

enter actual sound speed of the fluid later at the next extra menu.

Table 1.2.6-4 Selectable items of fluid type

Fluid Sound speed [m/s] | Viscosity [x10™ m*/s]
Water 1460 1.20
Sea Water 1510 1.00
Ethylene Glycol (50wit%) 1691 413
Glycerin 1923 1188.50
Acetone 1190 0.41

12. Transducer type

Select transducer type from default choices by direction or numeric button. Here for example,

select “2: UP10AST”, then push “Select” key (F3 button) to proceed to the next step.

Sensor Condition
Transducer Type
1: UPEOAST
EH UP10AST
3: UPD4AST

Push key

#01: 100/ Steel/1TM

Fig. 1.2.6-17 Transducer type selection menu
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2. Unit Setting

Sound-path selection

Select sound-path method from default choices by direction or numeric button. Here for

example, select “2: V-Path method”, then push “Select” key (F3 button) to proceed to the next

step.

Sensor Condition
Sound-path
1: Z-path method
P V-path method
3: W-path method

#01: 100/Steel/1TM

[ Back N |

Pus

Fig.1.2.6-18 Sound-path selection menu

» SR ey

Flow rate unit setting

Select flow rate unit from default choices by direction or numeric button. Here for example,

select “3: m3/h”, then push “Select” key (F3 button) to proceed to the next step.

Unit Setting

Flow Unit
1: m3/s 11: Limin
2: m3/min 12: L/h
3 - U 13: L/D

:mdiD

S kmils

Ckm¥/min

ckm®/h

 km?®/D

9: Mm*/D

(S, I =

(== s 3 ]

: : Push BN key
10: L/s

#01: 100/ Steel/1TM

[___Back N |

Fig. 1.2.6-22 Flow rate unit setting menu

A2-254




2. Unit Setting

Decimal point position

Select decimal point position from default choices by direction or numeric button. Here for

“sgsksk kR

example, select , then push “Select” key (F3 button) to proceed to the next step.

Unit Setting
Decimal Point Position

Push EISIS% key

#01: 100/ Steel/1TM

[___Back N |

Fig. 1.2.6-23 Decimal point position setting menu

Totalizing unit setting
Select totalizing unit from default choices by direction or numeric button.
Here for example, select “1: X 1m3”, then push “Select” key (F3 button) to proceed to the next

step.

Unit Setting
Flow Total Unit

ok
=
oo
(=1
E]
w

W~ D
3
-

x10 L
©x100 L Push ETES key

#01: 100/ Steel/1TM

Fig.1.2.6-24 Totalizing unit setting menu
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2. Unit Setting

Store site data
Finalize wizard by store all data on this menu. Select “2: Yes” by direction or numeric button.

Then push “Select” key (F3 button) to proceed to the next step.

DATA Store

1: No

Yes

Push Slkkey

#01: 100/Steel/1M

]
Fig. 1.2.6-25 Data storing menu

When select “2: Yes”, following message will be shown.

Now storing.

Fig. 1.2.6-26 Data storing

After storing site-setting data, following confirmation message will show up. Then push “Yes”
(F3 button) to proceed to the next step. Otherwise when you select “No” (F1 button), return to

initial basic menu.

Start measurement?

Fig. 1.2.6-28 Confirmation message to start measurement
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2. Unit Setting

Mounting transducers

The main unit calculates proper distance between transducers as according to the message
appearing below. Then push “OK” (F3 button) to start measurement. Please set transducer
mounting with indicated transducer distance in accordance with instruction on Chapter 1.2.9.

On this example, distance of transducers is 63.8 mm.

Then proceed with Transducer setting.

Mounting Information

CH1
Distance 63.8 mm
Sound-path W-path method
Transducer UP10AST

Fig. 1.2.6-29 Message of mounting information
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3. . Transducer Setting

3. Transducer Setting

Transducer distance setting
Set distance between transducers on mounting fixture in accordance with the main unit

calculation.

Mounting Information
Distance XXX mm
Sound-path V-path method

ransaucer UOPTUA

Transducer distance

Fig. 1.2.9-9 Message of mounting information ~ Fig. 1.2.9-10 Set transducer distance on fixture

Set mounting fixture onto the pipe
Wrap the mounting chain around the pipe and hook an endo link with the hook knob
arrangement.

Tighten the chain at the other end of the fixture.

1. Roll chain around the pipe.

I

T e

3. Tighten chain by knob. 4,Take same procedure on the other side,
then complete.

Fig. 1.2.9-11 Set mounting fixture
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3. . Transducer Setting

Add coupslant and set transducers to mounting fixture
Add silicone grease as acoustic couplant onto surface of tranceducers.

Then set them into mounting fixture.

1. Add couplant onto surface 2. Set transducer to fixture, 3. Fix transducers by screw.
of transducer as photo.

Fig. 1.2.9-12 Set the transducers into mounting fixture

Set cables with the transducers and the main unit

Connect cables with the transducers to the main unit

Insert connector

tob ight,
0 be straight Downstream Upstream

(Red) (Green)

1. Connect with the transducers, 2. Connect with the main unit,

Fig. 1.2.9-13 Connect with the transducer cables

Let’s start measurement
Complete prepartion for measurement. Push OK key as Fig. 1.2.9-9 to start measurement

(mounting information menu)

Fig. 1.2.9-14 Finished medium size transducer setting
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3. . Transducer Setting

Measurement for over DN200mm pipe
In case of measurement for over DN200mm, you need to use mounting fixture 1 and 2 for

extension together as below. The distance between fixtures is 100mm.

Do not use the slide on this slide

Flow
Medium transducer |:> / Mounting fixture 1
51?? | Mounting fixture 2 oo / Medium transducer %ﬂ
4 . A
] B LR 1
® l@is ©1°
s RS
= i y =l | = (a1 J =
=~ AN =
(S 1IN o e e ke o 3 2 I ) LI s i 5 e e v o o e e (©)
' it &
iy

==
=
[mc

The distance of between
fixtures is 100mm

-

Transducer distance

Fig. 1.2.9-15 Combhine mounting fixture (over DN200mm)
When the transducer distance is 245mm(DN300mm), if Up side slide sets t 200mm point,

Down side slide must be set at 125mm point. The point of scale is just a sample. Whenever
transducer distance can be kept, scale point does not matter.

Flow

_J]v

; Up side slide J ’E rjj Down side slide ‘ ’E
1 / u

A Y
AY

==

=3

1
=
o

B
Siole

¥

%

. E3© @

#|]

1((@:“@ @ [':‘L
@jﬂj@ ® [E=

Iii
Boo &

\ .-"I

) @) ) el 0 2 ; : e
W \ N
& — W oW W
i ‘ 200mm ﬁ ] ﬁ
i 1
W W i
20 (100) 125

i

Transducer distance

245

Fig. 1.2,9-16 Sample of combine mounting fixture (Transducer distance : 245mm)
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4. Start and Stop Logging

4. Start and Stop Logging

Continue from the last step of [2. Unit setting]
Select “OK”<F3>

Kﬁxﬁl’ ‘U|trasonic Flowmeter UFP-2O

KE,",?" Ultrasonic Flowmeter UFP-20

A2-261



4. Start and Stop Logging

Select “Log Stop”<F1> when you want to stop logging.

TOKYOr
KEiki

Ultrasonic Flowmeter UFP-20
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5. Downloading Logs

5. Downloading Logs

When you have stopped logging, select “MENU”<F3>.

Ké?'?i Ultrasonic Flowmeter UFP-20

Select “Logging Setting” from the menu list<F3>.

/

A Wil

KE)IK"(OI’ Ultrasonic Flowmeter UFP'20
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5. Downloading Logs

Select “1 : Log File List”

7

A el

TOKYOr
KE"((’ Ultrasonic Flowmeter UFP=20

The logging filename is defined automatically. [ DDMMYY.csv |

Connect a pen drive to the unit.
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5. Downloading Logs

Choose a certain file, and then select “To USB”<F3>.

K'UKVC’ ”
EIK Ultrasonic Flowmeter &8

End
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Appendix 6.2 Water Pressure Logger

Brand : HWM-Water Ltd
Model : LoLog LL/Vista
Country : UK

Contents of this manual

1. Software Installation

2. Pre-Setting

3. Installing to an Actual Site

4. Downloading Logs

Note : Up to 5 years battery life. It does not need to be charged.
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1. Software Installation

Copy the Radwin installation file from the CD-ROM or link below onto your PC, and run the
file.
Link: http://www.hwmglobal.com (Registration is needed before downloading)

*ALHBLE > 20 2USH > 20 TOVIOHES K » 20 WA EOML > SEHEH > 020JT > 03 Manual > 03 7KEEH HWM, Lolog Vi

&8 EE HA

L ¥lologll_vista_brochure.pdf

&50-500 - Installation User Guide).pdf 2018/12/14 5:25

# Radwin V4 83 Install.exe 2019/03/06 22:26

Select “Radwin”

EHWM Software Installer

Radwin I

Radwan Lite
USE I/R Reader Driver

!Hakna water Management

Ty Coch House

Llantarmam Park \Way
CwMBRAN

UK

NP44 38w

Main Tet  +44(0)1633 48947 o,

Copyright 3 2018 Halma \Water Management

Install wizard will appear . Then select “Next”.

T Radwin 4,83 - InstaliShield Wizard

Welcome Lo the InstaliShield Wizard for Radwin 4.03

The InstaliShield Yizard will install Radwin 4.83 on your cosputer. To

cont irwe, ol ick Nest.
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http://www.hwmglobal.com/

License agreement appear. Then select “I accept”, and “Next”.

o

Radwin 4.83 - InstallShield Wizard

License Agrooment

IFREL }

LICENCE AGREEMENT

Carefully read all the terms and conditions of this agreesent prior to .r
using this Software, By bresking the medis seal you indicale your
cceptance of these terms and condit jone,

icence: You have the nonrexclusive right to use the enclosed Progras on
single CPU. You may physically transfer the Program from one CPU to

nother provided that the Program |s used only by the |icensed cospany.

ou may not distribute copies of the Progras or related docusentation to

You may nol wodify or Lransiate the Program or related
docusentat ion without the prior written consent of HIM. You may not use,
0py, sodify or transfer the Program or docusentation, or any coey
thereof , or pernil anyone else Lo do 30, excepl as expressly provided in
this agreesent.

terms of the | . ot

ot the terms of the |lcense agressent

Select “Next”.

Tae =

JIAIEIEITIA1I9 0112113114015 116117 1181191200210 22123124 1251 261271281291 301311321 331341351361 37

_ Radwin 4.83 - InstallShield Wizard * -

Choose Destination Location

Select folder where Radwin will be installed. If an
existing Radwin is being updated, select the folder
used by the existing installation. Default:

Do WM. dot

H&Ea Tl

& L

%

o

(= Install Radwin 4.83 to:
! C:¥Radwin Changei.. | B wnes

Select “install”.

@ Radwin 483 - InstaliShieid Wizard

Ready to Install the Progras
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Install process will start.

Select “Extract”.

) =
1018 . .
| ® FTD! COM Drivers
FTDI CDM Drivers
Cick Extract’ to unpack verson 2. 12.24 of FTDI's Windows
drrver package and aunch the ratater
|
(= B 43
[ e ftdichip com
| : et )
}
“ ”
Select “Next”.
11 FH
in ¥

FIA R ESANDA VAR~ 9 1 ORIS -

NI 1~ T AR -
.':.§| - :"_'li.; .
BTTRLL. Cand w0k

ves
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Select “I accept”, then select “Next”

It A
PR TRAR B RDA/AMN F4Y =}

sANREY

3 1 TR TRDEN oL NES
i ?OE’JLH-?@F%-.( 1?” : \‘. !(jn T

IMPORTANT NOTICE PLEASE READ CAREFULLY BEFORE INSTALLING ~ -
THE RELEVANT SOF TWARE

Thes licence sgreement (|:-nu) 15 8 legal agreement between you
(Licenses or vou) .-a Fubure Y«hmtuy Devices Internatonal Limied of 2
Seaward Place, on Busress Park, Glasgow G41 THH, Scotlend (UK
Company Wb- &li‘bls’(l:maw—) for use of driver software
provided by the Licensor(Sottware)

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE TERMS

SRRIUTRFE) ENBKP)

Select “Finish”

2t FHa
ERRE 7812 FA DA VAR-R 24 -F

TIAA EFANRDAVA - 2 - FORT .
31U, EATOTA AV -HENSLR,

4 O FIUASIAT ALY, 7/ 2T ROIRAS RN
b R T TN " =

-
F34 5% we
/ FTOICOM Driver Pack.. (BRI #2%
/ FTDICOM Driver Pack . (BT &27
=

el

Select “Finish”, then software installatin is complete.

WA | . )

o

InstaliShield Yizard Cosplele

The InstaliShield Wizard
Finlsh to exit the wi

Cancel
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2. Pre-Setting of the logger

Connect the logger to PC by connector cable. Then run “Radwin View” on your PC.

1. Connect the USB plug to a spare USB port on your computer or the Serial plug to a
spare Serial port on your computer.

2. Position the reader head on the logger as shown below

Magnetic ‘Target’
for Infra- Red

e Infra-Red
Connector cable Reader
IR Window
Inputs -

pressure & flow

To the USB port of PC

Input — pressure —— 3 -

Port Setting

Select “Configuration” from command bar, and choose “Basic configuration” as below.

B Radwin View V4,83 - [Empty 1] & *
B8 File Download Options Graph Options  Data Options  Advanced | Configuration  Start  Window  Help - & ®

G asBe M@ & cConeen.
s Radwin View 2
s | 000 K

Topics | Saarch Flasuls |

Introducton A
Getting Staried

Selting the Datsbase Path

Setting Comm Ports

Conliguing a Logges “
Introduction A

View is the graphing package of Radiog for
Windows. It provides advanced graphing
funclionality, dats stabistics, data export. and
allows loggers to be configured and
downloaded using wizards

Getting Started

It will be necessary to specly where the data
is stored

Setting the Database Path
Meny - Configuration / Bagic Configuration

Select the £ ystem-tad. This will display the
database configuration

The defaull lecabon for this database isin a
ifolder named Kiata: beiow the folder where
Radwin Lite was installed & g il \Radwin

| eiNiata: ¥inii mav wish in channs ine =

Logger Time: X 07/ 10 15:50:08

n Q zeanuTes 1]
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Select “Manual Call” from side bar, and then select the tab of “manual Call”

- |
R~ O (1 |2

’ Radwin View 2>
sk | 000 B

Topecs | Saavch Resds |

Syﬂem Configuration : Manual Call - Basic

¥ [Basic

Manual Call - Select the comm ports 1o be used for Manual Data Dowrloads. For loggers connected
deecty to the PC, NDWRSZZZFMMMW“N!MIOMNWWNPC

Getting
M Radwn Al zm the nu;:.n Path
Marvs o etting Comen i
; Database | System | Selections | Statup  Marusl Cal | Corfiguring a Logge v
& Lo Commens Port ducti ~
Quutemse | omacewrs [ 3
View is the graphing package of Radlog for
= Al :::-m Modem Port | com2 :J Windows. It provides advanced graphing
= nw" Aadocel S atelite Modem Port l coM2 :] ffunchonality. data stabstics, data export and
aliows loggers to be configured and
MR Remote Alam R Bletooth Port [ CoM8 j downloaded using wizards
Pabnet Modem Pod [ COM3 USB rma #1402 (COM3) |
USB Transcene: Port |F COM4 USB w7y, #1%12 (COM4) =l [Getiing Started
SMS Modem Port Messages are sent from Autocall usng a port corfigured as SMS Modem It will Be necessary 1o specfy where the data
is stored
I™ Aways Enter Comment I Insent Detakt Comment:
Setting the Database Path
Help - Find Avaiable Ports 0K | Conce My = Contiuaiion/ Bast: CouRNI

Select he $ystem-tad This will display the
database configuration

The default locabion for this databaseis ina
ifolder named Ky ata- below the foider where
Radwin Lite was instalied e g il ‘Radwin

| teNata: You mav wish tn channe ha

v

nght <2018 Halma Water Management
O zzeanutes

L Time: | 2019/07/10 155%:15

Select “USB Serial Port” from the dropdown list of “Direct Cable Port” then press “OK”
Port setting is done.

Note: If you have any problems about this setting, please refer to PagelZ of original manual.

]
e | Opt . &2 Opt rree ; o

)k SN e

! Radwin View 2>
s | 000 B

Topecs | Saavch Rens |

System Configuration : Manual Call - Basic

C

nght ¢ 2018 Halma Water Management
QO zzeanutes

Corfigue —
Di [E] Manual Call - Select the comm ports to be used for Manual D ata Dowrdoads. For loggers connected ~
~ jBanc = deectl lo the PC, thRSZRPmMMM.dNuMIoWNW‘OhPC Getting
% Radwn Al 2“1“0"‘::'?&
s Database | System | Selections | Statup  Marusl Cat | Carlonqnuq; v
R Auocal Coemens Port ducti ~
IR DatoGenetor | 0y i Pt [ comrz use s =]
R Expon IM12: USB Senal Port [COM12) o s
| COM11 - View is the graphing package of Radlog for
B8 Al Prograsmes Modem Port DM1 B Serial Port [COM Windows It provdes advanced graphing
O Al Recerver
odem funclionality, data stabistics, data export and
R Remoto Auocal | Setelile Modem Pon | comn3
MR Remote Alam R COM14 | allows loggers to be configured and
Blustooth Podt OAE bd i using wizards
Paknet Modem Pot |F COM2 USB sma %42 (COM3) =
USB TiansceverPot  [F COMA USE s, 717 [COMA) K| Ry S
SMS Modem Port Messages are sent from Autocall usng & part corfagured as SMS Modem It will be necessary 10 specfy where the data
is stored
I™ Aways Enter Comment I Insent Detakt Comment:
Setting the Database Path
Help - Find Avaiable Podts. oK | Concsl Meny = Condouaiion/ Bavt: Cbuuwelion

[Select he $ystem-tad This will isplay he
database configuraton

The default locabon for this databaseis ina
ifolder named Kyata: below the folder where
[Radwin Lite was instalied e g 7l Raowin

| BeiNatas Yoo may wish in chanoe he

v

Time: | 2019/07/12 11:2641
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Pressure Logger Configurating

Select “Download Options” from command bar, and choose “Configure Logger Wizard” as below.

B Radwin View V483 - [Empty 1]
I Fie Download Options
1 @ S Downlosd Dats Wizsrd..

Graph Options  Data Options  Advanced

Configuration  Start  Window  Help

n Q zeanuTes

= Radwin View 2
s |

Topics | Saarch Flasuls |

Intraducton -
Getting Staried

Seltirg the Datsbase Path

Setting Comm Ports

Conliguing a Logges “

Introduction A

View is the graphing package of Radlog for
Windows. It provides advanced graphing
functionality, dats stabstics, data export. and
aliows loggers to be configured and
downloaded using wizards

Getting Started

It will be necessary to specly where the data
is stored

Setting the Database Path
Meny - Configuration / Bagsic Configuration.
Select e £ystem- tab. This will display the

database configuration

The defaull lecabon for this database isin a
ifolder named Kiats: beiow the folder where
Radwin Lite was installed & g il \Radwin

| eiNiata: ¥inii mav wish in channs ine

v

ime: | 2019/07/10 155152

Logger Type Select Menu is opened. Press “Auto Detect”, then “Next”.

]
8 e

JI‘:;&B'\"M.

ad Opt sraph Options  Data Options  Advanced

Configure Logger Wizard
Configuration Summany.

Corifigurabion Option

<2018 Halma Water Management
ﬁo ZTEANLTHE

@ Logoe Type

Mutiog

s* Logger Type:

‘What lype of Logger do you wish to configue? If you do
nct know the logger type, select Auto Detect

Logger Type:

[

Select Location.

=

’ Radwin View 2>
Sewch > |

Topecs | Semch Resuds |

Introducton A
Getting Started

Setting the Database Path

Setting Comen Ports

Corfiguing a Logpes Y.
Introduction A

[View s the graphing package of Radlog for
Wingows. It provides advanced graphing
ffuncionality. data stabstics, data export and
allows logers to be configured and
[downloaded using wizards

(Getting Started

It witl Do necessary 1o specly where the data
is stored

Setting the Database Path
Meny - Configuration / Basic Configuration.
Select the £ ystem-1ad. This will display the
database configuraton

The default locaton for this database is Ina
ifolder named Kyata: below the folder where
[Radwin Lite was instalied e g 7l ‘\Radwin

| tiNata: You mav wish n channe e it

ger Time: | 2019/07/10 155217
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Connection Select Menu is opened. Select “Direct[Cable]” from dropdown list, then “Next”.

a
b8

WA 3

’ Radwin View 2%
Seach [7 E

Configure Logger Wizard Topes | Seach Resu |

Corfigusation Summary. Corfiguration Optior Geting A

" [p—— Ao Distack = Setting the Database Paih

5 oveion e Gwicaw | §B° Connection Type: Aiecmaton S
How i the kogger cumently connected 1o the computer? 'Introduction -

View is the graphing package of Radlog for
Wingows It provides advanced graphing
ffunchionality. data stabstcs, gata export and
allows l0gers to be configured and
downloaded using wizards

Connechon Type:

ﬁ ~

|Getting Started

It will Be necessary 1o specfy where the data
is stored

Setting the Database Path
Meny - Configuration / Basic Configuration.

Select he $ystem-tad This will display the
database configuraton

«Ptvm]v Nest 3> I

The default location for this database is in a
ifolder named Ky ata- below the foider where
{Radwin Lite was instalied e g 78l ‘Raawin

| ibe\Nata- Yo may wish in chanoe the -4

1t <2018 Halma Water Management
O zzeanutes i}

Time: | 2019/07/10 155250

Download Process is carried out.
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! Radwin View 2>
e - |

Topecs | Semch Resuds |

Introducton A
Configuration Summary Corfiguration Option Getting Started
8 Loso Tyme Wadiog - Setting the Database Path
| kT, Dl il s‘ Download Data: R — >
&7 Baud Rate Baud Rate 19200
. T e e R TR T v, B ducti ~

Downloading X puter 2

© - 3

Comen 12 - 9500 (Lo-Log Flash)

View s the graphing package of Radlog for
Wingows. It provides advanced graphing
ffunchionality. data stabstics, data export and
allows logers to be configured and

Dowrloading Data [downloaded using wizards
-
Estimated Time Remaning 1 Minustes 11 Seconds (Getting Started
It witl Do necessary 1o specly where the data
is stored
< > Setting the Database Path

<« Provos | Nem»> | Menu - Configuration / Basic Configuration

Select the £ ystem-1ad. This will display the
database configuraton

The default locaton for this database is Ina
ifolder named Kyata: below the folder where
[Radwin Lite was instalied e g 7l ‘\Radwin

| ibeiNata- You mav wish in chanoe the -4
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Logger Identify Menu is opened. Put the logger name what you want, then “Next”.
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LG sk Me

’ Radwin View 2%
Seach [7 E

Download Data Wizard Topes | Seach Resu |

aion ation A
Corfauston Summary Configuation Optior: Geting
B Logom Type ” 5 Setting the Database Path
5 coecniye omacas | JB° Logger identity Aiecmaton S
&7 Baud Rate Baud Rate 19200
e i The Zone i the fist pat of the logger idently. and is used A 'Introduction -
8 Logos Type LotLogRath for groupng loggecs wathin the software The Location &
& Zone OMAL View s the graphing package of Radlog for
8 Locator 02 ' subzone? Zone: Wingows It provides advanced graphing
ffuncionality. data stabstics, data export and
Idersiy oMM aliows 109gers 1o be configured and
Nome: [downloaded using wizards
Locaton
it |Getting Started
Identay 2
brone2 It will be necessary 1o specly where the data
e - s stored
< > Setting the Database Path

Meny - Configuration / Basic Configuration.

Select he $ystem-tad This will display the
database configuraton

The default location for this database is in a
ifolder named Ky ata- below the foider where
{Radwin Lite was instalied e g 78l ‘Raawin

| ibe\Nata- Yo may wish in chanoe the -4
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ZIEANLTHRS 1

Time: | 2019/07/12 11:4%39

Configuration Menu is opened. Check the “Enabled”, select “Analogue [Pressure]” from the

dropdown list of Transducer, then “Configure”.
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! Radwin View 2>
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Download Data Wizard Topecs | Semch Resuds |

hon Configuration Introducton ~
Corfgurstion Summary iguration Option -
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Corfiguing a Logpe:
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& Zone OMad View is the graphing package of Radlog for
8 Locaton 02 subzone2 W Enabled Windows. It provides advanced graphing
A\ Channsl 1 Analogue (Pretsute functionality. data stabistics, data export and
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[downloaded using wizards
Transducer
Started
—— S e i
It witl Do necessary 1o specly where the data
Sensor Type Pressuse is stored
Transducer Name:
Calbeatiors 0100000
Offsat: 0.000000
< > Setting the Database Path
<« Provious | Newts> | Menu - Configuration / Basic Configuration
Select the £ ystem-1ad. This will display the
database configuraton
The default locaton for this database is Ina
ifolder named Kyata: below the folder where
[Radwin Lite was instalied e g 7l ‘\Radwin
| ibeiNata- You mav wish in chanoe the -4
1t <2018 Halma Water Management Ti 19/07/12 11:5619
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Sensor type should be “Pressure”, Data type should be “All Data Value”, then “OK", “Next” 3

times and “Finish”. Then pressure logger configurating is done.
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’ Radwin View 2%
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& Topes | Search Rasus |
Pressure Transducers

Corfigursti ~
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Transducer lintroduction ~
8 Logoe
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e Getting Started
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Add to Select Transduces List | Bands e

< et :]on e Setting the Database Path
- Meng - Configuration / Basic Configuration

Select he $ystem-tad This will display the

The default location for this database is in a
ifolder named Ky ata- below the foider where
{Radwin Lite was instalied e g jll ‘Radwin

| ibe\Nata- Yo mav wish in chanoe the -4
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Time: | 2019/07/12 11:5%51

Sample rate can be selected available from “1 second” to “24 hour”. 30 seconds are

recommendable. Note that the storable number of logged data is 16,000.
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! Radwin View 2>
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Configure Logger Wizard Topecs | Semch Resuds |

Configuration Summany. Corfiguration Option

Introducton A
Getting Started

Setting the Database Path

Setting Comen Ports

Corfigaing a Logge: y.

Logge: Type Auto Detect N
T Cornection Type.  Divect [Cable] &\ Sample Rate:

8 Logger Type: Lodog Flash Select the requied data logging interval 15 minutes is Introduction ~
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8 Locaton 3 'View is the graphing package of Radlog for
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Baud R Baud Rate 3600 ffuncionality. data stabstics, data export and
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20 Seconds |Getting Started
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< > Setting the Database Path
<< Previous ] Neat 5> I

Meny - Configuration / Basic Configuration.
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database configuraton
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“Record stop time” can be set. If it is set, the logger will not log after time set.
Also select “Cyclic Memory” or ”"Block Memory”. In case of “Cyclic Memory”, the logger
overwrites the recorded data if it exceeds tha capacity. In case of “Block Memory”, the logger stops

recording if it reachs to the capacity. Note that the capasity is 16,000 readings.
After setting, press “Next” 2times.
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’ Radwin View 2%
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Configure Logger Wizard Topes | Seach Res |
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8 Locakon o View is the graphing package of Radlog for
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% Sample n‘.., msmlh""e I downioaded using wizards
& Record Start Time:  12.04.35 2020/01/;
@ Mamory Mode b Messory I & Cyche Memory " Block Memory I |Getting Started
It will Be necessary 1o specfy where the data
is stored
< > Setting the Database Path

<« Provious | [ New>> | e - Configuration / Basic Configuration

Select he $ystem-tad This will display the
database configuraton

[The default locaton for this databaseis Ina
ifolder named Ky ata- below the foider where
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Logger Time: | 2000/02/11 10:35:28

Move on to Zero Trancducer setting.
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hon Configuration Introducton ~

Corfgurstion Summary iguration Option -

Logger Type Auto Detect N 5 ms-mg &Mm. Path

& Cornection Type:  Diect (Cable) & Finished: R — S
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4 Record Start Time: 120435 20200174
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|Getting Started
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Current Data Values...
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database configuraton
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Accept and store current atmospheric pressure as new zero value.
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Corfigusstion Summany: Cortgurabon Opton Introducton A
iR . Getting Started
Logger Typa Re-Zero Logger ms-nu xamm Path
T Eu'-ctu: ~ 5 Configusing & Logoe: v
8 Logoe: Type g ¢ introduction A
& Zore Comm 8- 9600
8 Locakon ReZaro Chaneel 01 [View is the graphing package of Radlog for
| T Connection ! i Windows It prowdes advanced graphing
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I T — R e S ot g
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< > Setting the Database Path
Meny - Configuration / Basic Configuration
Select the £ ystem-tad. This will display the
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[The default location for this database is In a
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[Radwin Lite was instalied e g 7l ‘\Radwin
| ibe\Nata- Yo mav wish in chanoe the -4

’ Radwin View 2>
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Topics | Seach Resubs |

Time: | 2020/02/11 105809

Press “finish”. Now pre-setting is done. Remove the logger from the PC.
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Configure Logger Wizard
Configuration Summany.
Logger Type: Auto Detect
¥ Cornection Type:  Divect (Cable)
8 Logoer Type Lodog Flssh
& Zore DMas
8 Locaon _m
T Cormction Type: Dt [Cable)
¥ Baud Rate Baud Rate: 3600
A\ Chanel 1 Anslogue Pressure
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Configueation Option: Introducton A
Getting Started
\ Setting the Database Path
Finished: Setting Comm Ports
b : Corfiguing a Logge: v
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ot Ao Introduction
[View s the graphing package of Radlog for
Wingows. It provides advanced graphing
The Loger hes tews bems upleaded funchionality. data stabistics, data export. and
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[downloaded using wizards
Zero Transducers:

.l v

(Getting Started
Current Data Valses...

It witl Do necessary 1o specly where the data
is stored

Setting the Database Path
Meny - Configuration / Basic Configuration.
Select the £ ystem-1ad. This will display the
database configuradon

[The default locaton for this database is Ina
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[Radwin Lite was instalied e g 7l ‘\Radwin

| tiNata: You mav wish n channe e it
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3. Installing to an Actual Site

All accessories and an optional part should be assembled.
The optional part appearing phot below is Brass Union, which is necessary for connecting to the

parts of ordinary domestic taps.

Optional part

\ (Brass union)
Accessories
)

Screw the Brass Union on to the connector.
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Connect all parts.

The display is showing the figure of current pressure and time alternately.

Remove a domestic tap. (It should be a direct line, not from a tank,)

Screw the brass part on to the pipe, then start logging.
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4. Downloading Logs

Connect the pressure logger to PC

R Rodwin View V4,83 - [Empty 1 (m]
B &% - M8 fie  Download Options Configuration Start  Window  Help
; N Download Data Wizard...

Configure Logger Wizard.

HWAM i i Oj x}
: Advanced Download/Upload/Utilties. | = Radwin View o
. = Search |

Topics | Search Reauts

Introduction o

~ Gettng Started

< Setting the Database Path

R Setting Comm Ports
Configung a Logger b4
Introduction A

|Getting Started
It will De necessary 10 specity where the data
Setting the Database Path

Menu - Configuration / Basic Configuration

b This will displaythe
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Logger Type Select Menu will open. Press “Auto Detect”, then “Next”.
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. Radwin View =~
= Download Dats Wizard X
- Search n

. Configusation Summany Corfiguration Option:
Topics | Search Resuts |
@ Logoe Type Mubiog
. Introduction -
Logger Type: Getting Started
2 Setting the Database Path
What Type of Logger do you wish 1o download? If you do Setting Conmm Ports
not know the logget type, select Auto Detect Conlfiguing a Logger 4
K Loton Tre Introduction A
[ﬁ'm _.J View 15 the graphing package of Radiog for

Windows. It provides advanced graphing
functionality, data stabsdcs, data export and
8 allows loggers 1o be configured and
downloaded using wizards

Getting Started
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]
§
£
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it will De necessary 1o specity where the data

< > is stored
| [ News> | coeel |
Setting the Database Path
Menu - Configuration / Basic Configuration
2 7 - Selectthe £ystem-tad This will dsplaythe
Copynight <2018 Halma Water Management Logger Time: | 2019/07/24 124645
10/16 A-5 286 XF [ EH®M B - ¥ + 140%
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Connection Select Menu will open. Select “Direct [Cable]” from dropdown list, then “Next”.

=
EEs- b2 t
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| Radwin View 2%

Download Data Wizard X

. s [ &

= Configusation Summany Configuration Option:
: Topics | Search Resuts |
Z B Logoer Type: Auto Detect N
N \ . Introduction -
Tk Do ala b Connection Type: s
Setting the Database Path
How is the logger cunently cornected 10 the computer? Setting Comm Ports
- Conbigung a Logger g
Coanacion o Introduction &
[Drect (Catle) < View 15 the graphing package of Radiog for

H Windows. It provides advanced graphing
functionality, data statistics, data export. and
2 allows loggers 10 be configured and
downloaded using wizards

Getting Started

it will De necessary 1o specify where the data
is stored

Setting the Database Path

Menu - Configuration / Basic Configuration

Selectthe £ystem-tad This will displaythe
< >
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Download Data menu will open. Then select “Next”.
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Download Data Wizard

Configusation Summany

@ Loger Type
Connection Type

Auto Detect
Ouect [Cable)
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& Download Data:

The logger is about 1o be downloaded If the download
fads check the logger i connected 1o the computer as

Select Next" To Download The Logger Pacameters
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Introduction Lol
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Setting the Database Path

~ Setting Comm Ports

Conlfiguing a Logger X

Introduction A

View is the graphing package of Radlog for
Windows. it provides advanced graphing
functionality data stabisdcs, data export and
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downloaded using wizards

Getting Started

it wili De necessary 10 specity where the data
is stored

Setting the Database Path

Meny - Configuration / Basic Configuration
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Download Process is carried out.
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=

Topics | Search Renuts |

Search
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Setting the Database Path

~ Setting Comm Ports

Configung a Logger v

Introduction &

View is the graphing package of Radiog for
Windows. It provides advanced graphing
functionality, data statistics, data export. and
allows loggers 1o be configured and
downloaded using wizards

Getting Started

It wili De necessary 10 specity where the data
is stored

Setting the Database Path
Menu - Configuration / Basic Configuration

Selectthe £ystem-tad This will displaythe

>
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Logger Identify menu will open. Select “Next”. After this, select “Next” several times.
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Then logged data will appear.
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Select e Eysiem- tab. This will display the
database configuration

g
-

|

| The defsult location for this database is in a
230630 %N 000830 00330 018630 013630 120630 023%3 fotaer named Kiata- beiow the foider where

GMT 201907110 20190710 201857111 201907111 201907111 201807111 20190711 201907111 Radwin Lite was installed e g il \Radwin

< 3 K » N beiNata- Yoo mav wish i channe he

Cursor 0240615 20107/ 11 Thursday
Q zeanuTes

v

A2-284




Select “Data Options” from Command bar, and choose “Export Tabular Data”.
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Appendix 6.3 Tapping Machine

Brand : PIPELINE TECHNOLOGY Ltd
Model : PQR4000
Country : UK

Contents of this manual
1. Drilling

2. Plug insertion

Note: POR4000 is applicable to uPVC, PE, DI for drilling.
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1. Drilling

1. Remove the Drilling Machine Body

Copper from the Box.

washer

Drill  shaft
adaptor

_

Machine body

2 Screw the special Drill Shaft Adaptor
onto the Main Drill Spindle, ensuring
the anti-seize collar and a copper
washer are located on the male thread.

Copper washer

Anti seize collar

3 Attach a suitable Threaded Adaptor to
the machine body thread, and tighten
using the appropriate C spanners
making sure the O Ring creates a good
clean seal.
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1. Drilling

4 Attach the required Cutter.

5 Turn the Feed nut, in an anti-clockwise
direction to retract the drill spindle and
the appropriate cutter into the chamber
of the threaded adaptor.

6. Screw the drilling machine and
threaded adaptor containing the
desired cutter to the valve and fully
tighten using the correct C Spanner.

7 Turn the handwheel on the valve in an anti-clockwise direction to ensure the valve is fully
open.
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1. Drilling

8. Feed the machine down carefully until
the drill touches the main, this can be
seen when a gap appears between the
Stop Plate item 1 and the Spring
Retaining Cap.

9. As soon as this touches, the drill
spindle needs to be rotated clockwise
with the Ratchet Brace.

10. Continue rotating the drill spindle ensuring a minimum gap of 4 to 6 mm is maintained
between the two faces of Stop Plate item 1, and Spring Retaining Cap Item 2. When the
cutter starts to break through the pipeline the gap should be reduced to a minimum to avoid

snatching.

When drilling PVC pipe the gap should be reduced to a maximum of 1 mm.

A2-289



1. Drilling

11. The gap between the two faces ensures the drill is under a constant load, which will
improve the drilling operation and life expectancy of the cutters. However care should be
taken not to increase the gap beyond 20 mm. In the event of the cutter becoming

difficult to rotate, release the feed mechanism and restart the feed process as stated in
section 8 above.

DO NOT TURN THE SPINDLE IN AN ANTI CLOCKWISE DIRECTION.

12. When drilling is complete retract the drill spindle fully, until the cutter is completely
withdrawn into the threaded adaptor. It is impossible to withdraw the drill spindle
beyond the safety limit without the Locking Pin item 7 being activated. Should this occur

the pin should be pulled out and simultaneously rotate the Spindle in a Clockwise
direction.

1. Remove the Headworks Body assembly
from the box.
-Head works body

rks
O — -Spindle unit

-Appropriate square or plug adaptor
- ; -Bonded seal
— — Square

)

T

—
- Head wo

2. Attach the square adaptor to the
spindle.

\ Square
adaptor
——
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2. Plug Insertion

3. Put the spindle through the head works
body from the top of the spindle.

4. Fit the T bar and bonded seal to the
spindle.
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2. Plug Insertion

5. Fit the ferrule plug to the
corresponding square adaptor. Fit the
complete headworks assembly to the
closed gate valve.

6. Fully open the gate valve and push the
headworks spindle down until it makes
contact with the ferrule, once contact
has been made, turn the Headworks
Tee Bar in a Clockwise direction to
insert the plug into the ferrule,
continue until the wunit is fully
tightened.

7. Plug insertion is now complete and the unit can be withdrawn back into the headworks
chamber, close valve fully before dismantling.

8. Remove headworks assembly from valve unit, gradually open valve to ensure the unit is not
pressurised. Remove Valve and ferrule adaptors.

9. Refit ferrule banjo housing and seals.

The operation is now complete.
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Appendix 6.4 Electronic Test Meter

Brand : Aichi Tokei Denki Co., Ltd.
Model : TR-IV

Country : Japan
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[1] General
Electronic Test Meter TR- [V is a portable test meter which uses a electronic water meter (EDS 20) for
measurement, and is equipped with a counter which can selectively display the momentary flow rate and trip
accumulated amount (with reset) based on the pulse output from the water meter.

This test meter is designed to check instrumental errors of installed water meters on site.

[2] How to install the test meter
Refer to the "Installation Diagram TR-IV-APP" (on Page 6).

(1) Check the flow direction of the body.

(2) Connect each of the supplied hoses with one-touch joint (connector) (i.e., a transparent hose with
connectors on the both ends for the upstream side and one with a connector on one end for the
downstream side) to each joint (nipple) of the body. (Pull each hose gently to check if it is firmly

connected.)

(3) Choose one of'the joints (nipples) below according to the type of the tap where the test meter is to
be installed and attach it to the tap:
1) Tap nipple with band (pipe-type flexible faucet 1/2 caliper (13) for tap)
2) Nipple for foam tap (e.g., single-lever type)

(4) Connect the one-touch joint {connector) on the other end of the hose connected to the upstream
side of the body (i.¢., the hose with connectors on both ends) to the joint (nipple) connected to the
tap.

[3] Test method
3-1. Preparation (Refer to "[4] Operation procedure” for the details of how to operate the test meter to display
measured data.)

(1) Remove air from the test meter to ensure that it is full of water.

(2) Arrange the downstream hose so that it is partially higher than the test meter to prevent air from

entering the meter when the water flow stops. Also be sure to place the meter horizontally.
(3) Close the valve of the body and confirm that there is no leak from the pipe.
(4) Set the counter display to the momentary flow rate.

"U" is shown to the left of the figures while the momentary flow rate is displayed, and up to four
digits are displayed.

u g

L/mun
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(5) Fully open the valve of the body and adjust the flow rate for inspection by adjusting the valve

aperture. Use the flow rates for inspection as listed in the instrumental error achievement table (see
the table below).

Note that the unit for the momentary flow rate is "L/min." Use the following formula to convert it
to "L/h."

Converted flow rate (L/h) = Actual flow rate (L/min) x 60 (min/h)

Flow rate listed in the Flow rate
instrumental error
achievement table L/h L/min
High 1000 16.67
Middle 200 3.33
Low 100 1.67

(6) Close the valve of the body after adjusting the flow rate.

(7) Switch the counter display to the trip accumulated amount display in up to six digits or
accumulated flow amount display in up to eight digits by pressing and holding for
approximately 3 seconds. (Display returns to the state immediately before switching to the
momentary flow rate display.)

If the display has switched to the trip accumulated amount display (in up to six digits), retain it.
If it has switched to the accumulated flow amount display (in up to eight digits), press to
switch to the trip accumulated amount display.

Trip accumulated amount display Accumulated flow amount display

(in up to six digits) (in up to eight digits)
TOTAL
(8) Press to reset the displayed value to zero.

3-2. Inspection

(1) Read the value indicated on the inspection target meter.
(2) Fully open the valve of the body to flow 100 L of water (recommended).
(3) Close the valve of the body and read the value indicated on the inspection target meter.

(4) The instrumental error ca be calculated with the following formula:
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[nstrumental error (36) =

Accumulated amount value of the inspection target meter — Accumulated amount value of the test meter

by % 100 4 [nstrumental error compensation value
Accumulated amount value of the test meter

Instrumental error compensation value: Add the instrumental error value for the corresponding flow

rate as listed on the attached instrumental error achievement table.

[4] Operation procedure

Axr.hl

tokei

'

For approx.
3 seconds

(Subtract the instrumental error if it is negative.)

TOTAL A < =
A\ Do not hold and depressed for a long time
simultaneously.
This operation transfers to the configuration mode (blinking display). If you

change the configuration setting incorrectly, correct measurement will not be

guaranteed.
Return to the measurement mode (solid display) by leaving the test meter for 10
TOTAL

seconds or longer without any operation or by pressing §i
TRIP

/\ Ensure that the display is not blinking.

Blinking display indicates that the test meter is in the configuration mode. If you
change the configuration setting incorrectly, correct measurement will not be.
guaranteed. Return to the measurement mode (solid display) by leaving the test
meter for 10 seconds or longer without any operation or by pressing
Accumulated flow amount display

Shows the accumulated flow amount.

I23456 15

(in up to eight digits)

TOTAL
i
TRIP

4
TRIp
For approx
3 seconds

i Trip accumulated amount display
Shows the trip accumulated amount.
I3456 W 3

. TOTAl .
Pressing resets the trip accumulated

(in up to six digits) amount to zero.
Just transferring to the momentary flow rate
display does not reset it to zero.
*
Limin
For approx.
3 seconds

Momentary flow rate display
Shows the momentary flow rate.

* Pressing and holding for

(in up to four digits) approximately 3 seconds, the display returns
m to the state immediately before switching to
the momentary flow rate display.
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[5] Storage and maintenance

(in up to four digits)

(1) Discharge water from the test meter completely.

Momentary flow rate hold display
Holds the momentary flow rate value.
Measurement of the momentary flow rate,
accumulated amount, and trip accumulated

amount continues during the hold display.

(2) Attach the caps on the connection ports of the test meter to prevent dusts and foreign matters from

entering the meter.

(3) Regular inspection (once in two years) is recommended in order to maintain precision of the

instrumental errors.

(While the meter used in the measurement part is an officially approved device, regular inspection

of the instrumental error precision is recommended since this test meter is designed to be

portable.)

Instrumental error achievement table

Product name

TR-1V

Serial No.

Official approval term of

validity

This product contains a battery powered water meter which is a specified

measuring instrument

Test date
Test tank 0.5m’ tank
Instrumental error
High flow rate Middle flow rate Low flow rate
1000 L/h 200 L/h 100 L/h
16.7 L/min 3.3 L/min 1.7 L/min
% Y% %

Aichi Tokei Denki Co., Ltd.
Inspection Division, Quality Assurance Headquarters
1-2-70 Chitose, Atsuta-ku, Nagoya

Approval

Creation

Regular inspsction (once
1 [WO years) 18
recommended 1n order to
maintain precision of the
mstrumental errors

Instrumental Error Achievement Table (Standard Sample)
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[6] Warranty and after-sales service

@ Warranty period
[f a defect which is subject to our liability should occur during the warranty period under normal
use, we shall repair the product or replace it with a normal product for free.

@Repair request
When there is a failure with the meter, consult our local branch or sales office for repair with detailed
description of the failure.
Note that for a repair after the warranty period, we shall repair it by your request for a charge only if
the product ca be restored to the functional state by the repair.

@ Warranty scope
We are making every effort to produce our products with high quality, however if a defect which is
subject to our liability should occur during the warranty period under normal use, we shall repair
the product or replace it with a normal product for free.
Please understand that we shall determine whether the free remedy shall apply to your situation after
our investigation of the product.
Also please understand that the free remedy shall not be applied to a defect:

1) Caused by use which does not follow the instructions given in our catalog, product specifications,
and/or operation manual,

2) Caused by disaster such as a fire, earthquake, storm, flood, or lightening, or a destructive act such
as a crime,

3) Caused by corrosion due to use in a corrosive environment,

4) Caused by acts of animals such as a dog, cat, rat, or insect,

5) Caused by a factor other than our product,

6) Which could not be foreseen with the science and technology levels at the time of shipment,

7) Caused by a repair or alteration other than done by or specified by us, and/or

8) Caused by an inappropriate inspection and/or maintenance or replacement of a consumable.

Please note that "warranty" in this context means warranty for our product alone and we shall not
reliable for any damage resulting from a defect of our product, including but not limited to a damage
to equipment other than our product, loss of profit, loss of opportunity, transportation fee, and
construction fee.

Concluded
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Form tap for combination faucet, ete.

Nipple for form tap

Tap

Tap nipple with band

One-touch joint (connector)

Upstream hose
_
Water stop ball valve  Counter

Downstream hose

Outflow direction Jaint {(nipple)

(Battery powered meter)

One-touch joint (connector) Joint (mipple}

'
|
One-touch joint {connector) !
'

Inflow direction

Inspection Ltarget meter

Date
LA LU Name Drawing No.
2015.11.20f  Installation Diagram TR-IV-APP
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Backfilling Instatement
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Appendix-8

THEFT PREVENTION STRATEGY
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Western Province Water Supply Master Plan Update , Institutional Development & NRW Engineering Study

CHAPTER 7

THEFT PREVENTION STRATEGY
71 Introduction

For the year 2010, NWSDB estimated that 17,000 m®/day of water was being illegally
extracted from the system. At the average supply cost of Rs. 30 per m*®, NWSDB is losing
about Rs. 190 million each year. This is a huge number, which strongly suggests a serious
effort be made to apprehend the persons who are guilty of this theft and to strengthen the
current legislation to make it easier for NWSDB to sue illegal users and recover the cost of
the stolen water.

NWSDB has already introduced lllegal Connection Detection Unit which carryout search on
a predetermined programme and it has shown remarkable results.

7.2 Pertinent Tools and methods for managing unauthorized use of water

Unauthorized water use, or theft, occurs through certain deliberate actions of customers or
other users who draw water from the system unlawfully without making any payment to
NWSDB.

The ways in which the theft, or unauthorised consumption, is taking place in a water supply
system include

- illegal connections,

- illegal-reconnections after disconnection

- meter by-passes by customers

- tampering of meters

- abuse of fire hydrants.

In general, the unauthorized water use is a sociocultural and technical problem that involves
not only engineering solutions but also socio-cultural approaches.

These approaches should finally deliver:

a) changes in behavior and attitudes of the community towards water use
b) a strong policy against dishonest, deceitful and fraudulent practices of water users
as well as any NWSDB staff who might be involved.

The socio-cultural based approaches should be planned and implemented with the active
participation of local communities at the lowest administrative level together with street level
consumers and NWSDB staff working in the same area. It is reported that these types of
approaches to make everyone to participate in the endeavour has produced results and are
being the major drivers in reducing NRW in some Asian cities experiencing similar problems
to Colombo.

Development of Water Loss Management Strategies
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In the east zone of Metro Manila where NRW has been reduced from 63% to 11% in the
past 14 years saving over 0.6 million m3 of water per day (Luczon and Ramos 2012- Water
Loss Management 2012).

Hence some possible measures to minimise or eliminate illegal use of water shall include:

7.3

Socio Economic Aspect:
The reports show that high number of illegal use cases are reported in cities which
are attributed to poverty and unplanned settlements (slums).

Another form of unauthorized consumption is due to illegal reconnections by
disconnected customers due to non-payment of bills.
Some reports alleged that some field plumbers actually carry out the illegal
connections and reconnections to earn extra income.

This covers the customers as well as the employees of NWSDB. The illegal
connections, meter by-passes and illegal reconnections of disconnected properties
are carried out by the connivance of employees of NWSDB or by some field
plumbers.

Cultural Aspects:
The cultural factors and attitude of the community also influence to illegal use of
water by one the forms explained above.

Hence, lllegal use of water is a complex social-technical problem that needs social-
cultural approaches.

Reports show that not only poor communities, but also some commercial and priority
customers, attempt to use illegal consumption. There is no doubt that some people
affected by psychological effect of kleptomania will also include stealing water by
illegal means as one of their objectives.

Governance issues:

Poor Governance has also been regarded as the root of the NRW problems. Water
theft in countries with high levels of corruption, low government effectiveness,
political instability and ineffective accountability appears to be on the rise and water
revenues can be significantly affected. The fines levied in courts of law are often too
low, a fact that can act as a deterrent to the authorities to enforce law.

Possible Options to Reduce Theft of Water

The reduction of Apparent Losses, particularly theft prevention, results in increased
revenues and enhanced financial viability of the utility. Most utility operators prefer to have
quick results and quick boost in revenues. Whereas, the Apparent Losses reduction
Strategies falls far beyond conventional engineering approaches to tactical managerial
solutions that primarily encompass social and behavioural sciences. As reported it cannot

Development of Water Loss Management Strategies
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totally be eradicated but the following interventions have proved to be promising and to have
contributed effectively in minimizing theft and reduction in Apparent Loss:

a) Amnesty:

Providing Amnesty for illegal connections, have reported successful results. The period
shall be one to three months. The media and special campaign shall be launched to get the
public cooperation. Regularising the connection shall be a simple affordable to the
community.

It is suggested that those found with illegal connections after the amnesty period should be
convicted in courts of law and heavy penalties be levied.

The Amnesty system did not produce good results in Colombo City in the past and has not
been considered further by NWSDB.

b) Incentives:

NWSDB shall provide employees and the public with incentives, such as cash rewards, for
reporting illegal use of water. This is also found to be very effective. NWSDB employees
need genuine incentives and rewards for their effort made for detecting illegal connections,
meter bypasses, illegal re-connections and erroneous meter readings.

The IDU unit handles this aspect and discussion reveals that this need to further improved to
motivate the staff involved.

c) Survey of Entire CMC area and Updating GIS database

A programme of sweep to cover the survey of the entire CMC area in a systematic way from
North of the City to the South is essential.

With the impending ADB Colombo Water Supply Service Improvement Project, large
sections of the distribution system will be rehabilitated and replaced. Before this work gets
underway it is recommended that the IDU, temporarily reinforced by additional gangs,
undertake a series of sweeps which would cover the entire CMC a systematic way from
North of the City to the South. The objective would be to identify as many regular and illegal
connections as possible on each sweep and record the locations on GIS maps. The system
upgrade can then follow. Thereafter, the second stage survey on selected premises should
be continued and any areas locations previously noted as suspicious can fall under
surprised check,

d) Formation of Consumer Societies/ Street Committee

A street committee shall be formed comprising the representatives of the area and NWSDB
officers to survey and investigate and report any illicit use of water in the area. Public
cooperation is essential.

Periodical survey and consumption pattern survey and low consumption or sudden drop in
consumption shall be investigated. Meter readers shall be trained and be motivated in this
regard.
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e) Periodical and Surprised Checks of Disconnected Premises

All disconnected premises shall be periodically inspected with extra interventions by
surprised checks too.

7.4 Provide Seal on Customer Meters

General observations on Customer Meters

The following photograph shows a typical consumer meter recently installed, (just outside
the project office) but not in accordance with NWSDB'’s protocol — the error.

There is no NWSDB wiring and lead seal on the meter unions and no lead seal on the meter.

Figure 7.1: Customer Meter

It was easy to unscrew the lock nuts by hand, no special tools were necessary. It would have
been quite simple, therefore, to insert a short piece of pipe and keep it in place until nearby
the time the next meter reading was due. At least, in this case the meter was wired (though
not sealed). In other instances, where the meter is not sealed or where the seal is no longer
intact, it would be possible to modify the meter and replace it to work in the reverse direction
and reduce the meter reading. Done with a minimum amount of care, neither operation
would leave any evidence of tampering.

The obvious solution is to ensure that the meter and its lock nuts are installed correctly with
wiring and seals. Without this first level of protection, there will be a constant temptation for
so-minded people to cheat the system. On the other hand, with this first level of protection in
place, most property owners will accept the situation as normal, as they do for the electric
meters, where there are fewer tendencies for tampering for obvious reasons.

Recommendation
An immediate action NWSDB could make would be to enforce its own regulations that

require wiring and sealing of the meters and the lock nuts that attach the meter to the
property connection pipe at its inlet and outlet ends
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Subsections under Strategy Item 6: Leakage Prevention Strategy recommends that regular
“sweeps” of property connections be carried out to detect those which are leaking. It is
recommended that the “sweeps” also include an inspection of the installed meter and its lock
nuts to ensure that all the required wires are in place and correctly sealed as required by
NWSDB regulations.
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The Project for Enhancement of Operational Efficiency and Asset Management Capacity of

Regional Support Center-Western South of NWSDB in Sri Lanka

Serial number

National Water Supply & Drainage Board
Leak Repair Office
Detail Sheet oIC | Zone |
Officer
Work day Day |Time |
Attendance day Day
Work reason Complain Meter reader | Leak detection | Other
Compainer's name &
add
Adress
Leakage location Meter No.
Consumer No.
Coordinate
Type of Leak Meter | Connection pipe( Joint , pipe) | Ferrule Distribution pipe
Cause of Leak
Nature of repair Diameter & Material
Leake repair Yes | | No | | Leak volume | M3/h
Material of use
Machinery Used Location(Sketch)
(1) |Power Light (1.5.1)Hrs
(2) [Night work (1.5.2)Hrs
(3) |Water Pump(Dewatering)Hrs
(4) |Others
Measurment
BOQ Item No. Description Unit | L(m) | B(m) | D(m) Oty
Comment

Contractor Officer

Zone Officer

NWSDB Officer
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QUESTIONNAIRE SHEET 1

CAPACITY ASSESSMENT FOR OUTPUTZ(Pilot Activity) of The Project for Ei of O Z Efficiency and Asset M: Capacity of RSCWS of NWSDB in Sri Lanka
Name: Assignment of this Project: Date:
Organization: Position and working place:

Personal records and General Questions ANSWER

Academic background

Specialties

How many years have you belonged to NWSDB or current organization 7 years

What is your main roles and responsibility in NWSDB?

Have you ever participated in NRW reduction project (especially leakage control) conducted by other parties ?

If so, what is your main role on the project ?

What kind of problem or difficulties do you have for doing leakage control activities?

What do you expect for this project?

1 Poor knowledge
2 Have a fair knowledge.
How to Answer(Please select number 1 - 5) == 3 |Have fair knowledge and practical experience.
4 Have sufficient knowledge and practical experience
5 Have sufficient knowledge and practical experience. And can teach other staff]
TIMING ON ANSWER
CHECK ITEM NOTE
Jan,2019] |
1.Basic Knowledge of NRW
| understand what is IWA Water Balance Component >

| understand what is Billed water component

| understand what is NRW component

| understand why NRW is an important issue

| understand what is Authorized Consumption Component

| understand what is Water losses Component

| can calculate NRW ratio
2.Planning on NRW countermeasure

| can plan NRW reduction activities for Real (Physical) losses

I can plan NRW reduction activities for Apparent(Commrcial) losses

| can plan DMA creation

| can evaluate customer consumption data

| have cost estimation knowledge for NRW reduction activities
3.Leak detection(Real Losses)

| understand cause of Leakage

| have knowledge of leak detection survey method & Equipment shown as below

1,Flow Measurement, Minimum Night Flow, Step test

2,Leak detection

3,Pressure Measurement

4.Pipe locating method

| can estimate leakage volume on the leaking pipe

| understand the cause of revival of leakage
4. Leakage repair work

| understand proper leakage repair work and pipe replace work

1, Meter

2,Service pipe

3,Ferrul(Branch connection)

4 Distribution Pipe

| understand the need for pipe washing after water suspension during construction work

| understand safety management regarding construction work

| can supervise repair work and pipe laying work (service pipe)

| can supervise repair work and pipe laying work (distribution pipe)
5.Commercial losses(Apparent losses)

| understand commerecial loss survey method

1, Meter inaccuracy

2, lllegal connection

3, Water use amount by NWSDB themselves

4, Unbilled metered consumption, discount for specific parties(Army, temple, Government office, etc.,,)

6.Data collection

| understand the necessary data for NRW reduction activities

I understand how to collect the necessary data

| understand the necessary data for Aseet Management
Your Comments:
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