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Introduction to Non-Revenue Water Reduction

1. Objectives (Out-put)
(D Understand the concept of Non-Revenue Water Reduction.
(@ Understand the components of Non-Revenue water
@ Understand Vicious circle.
@ Understand the benefits of NRW management.

2. Introduction

One of the major issues affecting Urban Water and Sanitation Providers (WSPs) in Kenya is the
considerable difference between the amount of water put into the distribution system and the amount of
water billed to consumers commonly referred to as “non-revenue water” (NRW). In general, many of
the Kenyan towns have 40-65 percent Non-revenue water. This seriously affects the financial viability
of water utilities through lost revenues and increased operational costs. By implementing measures to
reduce Non revenue water means additional revenue to the WSP and additional water being available

consumers without further investment.

3. Key words definition

NRW
Management

Monitoring the water supplied and taking corrective action to reduce
water that is not supplied to authorized consumers.

Non-Revenue
Water

The difference between System input volume and Billed authorized
consumption

Vicious circle

4. What is Revenue Water?

Non-Revenue water is defined as the amount of water input into the

translated to revenue.

4 NOTE:

NRW = SYSTEM INPUT VOLUME - BILLED AUTHORISED CONSUMPTION

Non-Revenue water ratio is the percentage of the amount of water not billed against the amount of
water input into the distribution system.

5. Components of Non-Revenue water
The components of Non-Revenue water are:

Unbilled authorized consumption

Apparent losses (commercial losses)
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Real losses (physical losses)
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Figure 1: Components of Non-Revenue Water

6. Challenges
Many Water Service Providers are struggling to ensure that customers receive a reasonable water

supply to sustain health and life. However, they encounter the following challenges:

Dilapidated infrastructure with high leakage levels

Poor operations and maintenance policy, including ineffective record-

keeping systems

Poor governance

Limited skills in non-revenue water management and technology

Financial constraints, including ineffective and inefficient revenue

collection

Weak enabling environment and performance incentives

Political, cultural, and social influences

A higher incidence of commercial water losses, particularly illegal connections.

These factors all influence the scope for managing losses and demand. At the same time,
continued NRW limits the financial resources available to tackle these challenges facing water
utilities.

7. Impacts of Non-Revenue Water
7-1. Vicious circle

The “Vicious Circle’ of NRW illustrates the key reasons for poor company performance, which
results in water losses. The losses divert precious water from reaching customers and increase
operating costs. They also result in larger investments than necessary to augment network capacity.
A utility has high NRW which means it has lower revenues, which means it does not have funding
to fix the problems that cause NRW. (Refer to Figure 2)
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Figure 2: Vicious circle for Non-Revenure wate

7-2. Challenge into Virtuous Circle
The challenge for water utility managers is to transform the Vicious Circle into the ‘Virtuous
Circle’. In effect, reducing NRW releases new sources of both water and finances. Reducing
losses results in a greater amount of water available for consumption and postpones the need for
investing in new sources. It also lowers operating costs. Similarly, reducing commercial losses
generates more revenues. (Refer to Figure 3)

Expenditure is
Increased to
include
operational
improvements

Revenues

Investments are
increase and

made in further

NRW reduction operational

programmes costs decrease

NRW Decreases

Figure 3: Challenge into Virtuous Circle

(1) There are various challenges that contribute to this vicious cycle, including:

. Denial: The water utility denies the effects of NRW, with reasons like, «we meet the norm or
standard NRW figures, so there is no problem»

. Illegal consumption: Utilities claim that it’s mostly illegal connections that result in unknown
consumption.

. Network Age: aging water network and associated systems need total replacement and this
can be expensive.

. Political interference: Politicians don’t allow disconnection for non-payment.
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. New installations easier: Network Capacity/expansion is politically more important than Where are losses occurring?

rehabilitation — it is easier to serve new areas than it is to carry out repairs. .. Why are losses occurring?
. Skills competence: A utility does not have the right kind of staff. .. What strategies can be introduced to reduce losses and improve performance?
. Intermittent versus sustained supply: Intermittent or rationed supply keeps water losses low at - How can we maintain the strategy and sustain the achievements gained?

the expense of customer service. . .. .. .
(2) NRW management is not a one-off activity, but one requiring a long-term commitment and
. . involvement of all water utility departments. There is need for utility managers to have access to
(2) Reducing high NR_W has .many added beneﬁt.s. information on the entire network, which would enable them to fully understand the nature of
More water being available for consumption that can be sold NRW and its impact on utility operations, its financial health, and customer satisfaction.

Delaying the need for capital investments Successful NRW reduction is not about solving an isolated technical problem, but is instead tied
Lower operating costs to:

Reducing commercial losses will generate more revenue.
Asset management

(3) Reasons for the failure in reducing NRW include: - Operation and maintenance of the infrastructure
Little understanding of the nature of water losses by the people tasked with this Customer support
R bilit € Y the peop Financial allocation to support NRW strategy or efforts
esponsibility

Management support
Capacity know how — network and non-revenue water
Commercial operations

Little or no appreciation of the impact of water losses
Poor project design
Grossly under-estimated costs of water loss reduction resulting in this task being

Abandoned
‘Lip service’ to obtain funding — ‘NRW reduction’ used as a politically correct term that
is included in project proposals when sourcing for funding. Data

NRW reduction is:
* Not just an isolated technical problem
+ Tied to overall asset management and operation

managemen
t support

» Not a once-off activity, but one requiring long term commitment

#
8. Benefits of NRW-Management

NRW Management consists of knowing what is happening with the water supplied and taking corrective
action to reduce water that is not supplied to authorized consumers.

NRW Management offers the following benefits to water utilities:
Reduces energy and treatment chemical costs
Reduces water treatment and pumping costs
Defers capital expenditures
Reduces damage to infrastructure
Improves systems hydraulics and utility efficiency
Reduces unauthorized usage
Reduces potential claims due to water damage
Improves public awareness of water’s value
Improves environmental protection as water resources become scarcer.

Managemen
t

Oparation
Maontenance
9. Addressing NRW
Water utilities should use a diagnostic approach, followed by the implementation of solutions that are
practicable and achievable to reduce NRW. Figure 4: Elements to reduce NRW

(1) The first step is to learn about the network and operating practices. Typical questions during this -END-
process include:

How much water is being lost?
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1. Objectives (Out-put)

Table of Contents (D Understand objectives of water supply
@ Understand components of Typical Water supply facility
L0 1) T 1Y 4 ® Understand concept of Water service equipment
INtroduction .......cvvuniiniiiiiiiniiiiiiiii e 4 @ Understand functions of the distribution System
® Understand life of the Water Supply facilit
Key words definition .........ccceeviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiinnnneen 4 PPy Y
® Understand typical miss connection of service line in housing area
Objectives of water SUPPLY ....ccoeveiiiiiiiiiiiiiiiiiiiiiiiiiiiiienienn eenrans 4
System Description ......ocveveieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinineneen 5 2. Introduction
Component of water supply facilities ........ccceeveiiiiiiiiiiiiiinininininnn 5 Water Supply facilities topic will be describing the components in the water supply from
the source of the water up to when it reaches the consumer. This will include the water
What is Role of a water distribution facility? ............................... 8 source, Intakes, Raw water mains, Treatment works, Storage reservoirs, Distribution
twork d individual ti
Life of the water supply facility.......ccocoeiiiiiiiiiiiiiiiiiiiiiiinin 8 networks and ndvidual connections
REVIEW EXOICISE «evvuerniinrriurerierersasrsasrsasessasessssessssnssasnssnsesons 9 3. Key words definition

Waterworks facilities | Water abstraction (intake) facilities, water treatment facilities, water

storage facilities, and water distribution facilities

Distribution facility Water supply facility after the water treatment plant and it consists of
distribution pipes, distribution reservoirs, pumping facilities and the

consumer connection facilities.

life of the Water The expected lifespan of a water supply facility as described in the asset

Supply facility register.

4. Objectives of water supply
The following maintenance plan is indispensable. A good water supply system should aim to achieve
the following objectives:
(1) To provide clean and safe Water Supply. This objective can be achieved by:

Improvement of water quality of water treatment facilities,
Reinforcement of water quality in water supply facilities (replacement of lead pipes /
prevention of pollution from leakage section / washing cleaning of pipe network etc.)
Hygienic management of the reservoir

Expansion of direct water supply,

(2) To provide a stable and reliable water supply. The water supply facility should be able to

R-1#2-3 R-1#2-4
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meet the water demand of the consumers on demand. This can be achieved by:
= Securing a stable water source,
= Promotion of leakage prevention measures,
+ Using rainwater,
= Expansion of water purification facilities,
= Depleting of water supply facilities / bypass water line /networking,
= Expansion of distribution facilities

*  Water pressure management, etc.

5. System Description
Waterworks facilities include water intakes, water storage reservoirs, raw water transmission
pipelines, water treatment facilities, distribution facilities and consumer service assembly which are
managed by the Water Service Provider.
It is important to strive to maintain the operation and maintenance of water facilities as "safe, secure
and stable water supply" from customers.(Refer to Figure 1-1) Components of water supply

facilities

6. Components of water supply facilities
System
Waterworks facilities consists of water abstraction (intake) facilities, water treatment facilities,
water storage facilities, and water distribution facilities which are managed by the Water Service

Provider. Other facilities beyond the consumer water meter are managed by the customer.

e 0@

T .

Mun
Disinbutrter—__

Demibutionr
Fipe

Dikiiei e :ﬁ%

Hiver Water

Figure 1: Typical Block Diagram of water supply facility Scheme
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Components
(1) Abstraction facilities (Intakes)

The intake facility reliably abstracts raw water of good quality according to demand from a
water source. At the intake facility, raw water from the source (river or lake) is withdrawn

and transmitted to the water treatment facility by gravity or by pumping.

(2) Raw water transmission main.

Raw water transmission main transfers raw water the intake facility to the water treatment

facility. Water may flow by gravity or by pumping.

(3) Water treatment plant

A water treatment plant is intended to convert raw water to potable standards. In this regard
the facility should produce clean and safe water that meets WHO standards for drinking
water. Conventional water treatment processes include sedimentation (plain or chemically
aided sedimentation), filtration (rapid or slow sand filtration), stabilization and disinfection.

Treated water is transmitted to the distribution facility by gravity or by pumping.

(4) Distribution facility

A water distribution system is intended to distribute from the treatment plant to the intended
consumers. The objective of the water supply system is to maintain the water quality and at
the intended pressure with minimum water loss. The facilities consists of water supply
pipelines, storage reservoirs, pipeline appurtenances, flow meters and monitoring

equipment.

(5) Consumer Service Connection.

The Water Service Provider is responsible for the installation of water supply pipelines up
to the consumer water meter, measures against water leakage, installation of meters / boxes,
maintenance of the meters. The consumer service connection is the ‘last mile connectivity’
to the authorized consumers and is expected to meet the consumer demand by supplying the
required amount of safe, stable and adequate quantities of water. (It consists of a water stop

box, a supplementary stop cock, a water meter, a check valve. (Refer to Figure 2)

NOTE:
The responsibility of the WSP is to install and maintain the water distribution system
up to the water meter including taking appropriate measures against water leakage,

installation of meters, meter boxes and meter maintenance.
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Water supply equipment

Customer’s

WSP's responsibility "'—Jr—'
Boundary

Public road Private land Water meter
..... )
]

Water tap -

[ Supplementary Check valve
waler |.("l|']

Saddle branch

or ferrule #_Water supply pipe

Distribution pipe

Figure 2: Concept of Water service equipment

(6) Cross-connection
Cross-onnection means that a water supply pipe and another water supply pipe (for
Example, water from a rainwater tank, a water tank, well water, etc.) are directly
Inter-connected. Due to this cross connection, contamination and reversing of the water
meter may occur. To prevent cross-connection, install valves/Check valves and/or use

separate system piping (Refer to Figure 3).

Tank
Rainwater

Cross-conection

Valw o
al R

/\'al\'c
Z (‘F«:k valve "F""“_“

-
1':1’ |. Water Supply
Other water Water Stop cock
SOUrces. meter

- \(.‘mss Conection

Figure 3: Cross-connection
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7. What is Role of a water distribution facility?
The water distribution facility is a general term for the water supply facility after the water treatment
plant and it consists of distribution pipes, distribution reservoirs, pumping facilities and the consumer
connection facilities.
The objectives of the water distribution facilities are shown below.
@ Supply steady water quantities at the proper pressure to meet the consumer demand.
(2 Maintain the water quality. There should be no deterioration in water quality in the
distribution system through external pollution.
(3 Monitor the flow rate.
@ Detect water leakage early from flow rate / pressure fluctuations in the pipelines.
(® Minimize the impact on the water supply area when the facility fails.

® Monitor the water supply volume and water demand volume

8. Life of the Water Supply facility?
Deterioration of the Water Supply facility is starts as soon as it is built.
The rate of this deterioration depends on the period of use of the facility, design strength /
construction accuracy, material quality, equipment performance, and operation and maintenance
situation. In general, if maintenance is appropriately implemented for a long period of time, this life

will be longer (Refer to Table 1).

"A measure of aging" is judged from the number of years of use of the facility described in the

asset management register, that is, "useful life".

Table 1 Example of concept of service life

Items Actual life(years) Japanese(Legal standard) Other country

Civil structure 50~100 years Water purification plant 40 years
60 years

water pipeline 25~100 years Distribution pipe 40 years
40 years

Water supply pipe 25~50 years Building accessory equipment
15 years

Valves 10~40 years Pipeline
30 years (recommended)

Water meters 10~20 years Water meters 7-8 years
8 years(Measurement Act)

Flowmeters - Flow meters 10 years
15~20 years (recommended)

Machinery equipment | 10~30 years Pumps
15 years

R-1#2-8
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9. Review exercise

10-1 Cross-Connection

Questions

(1) Which piping is cross-connection?

(2) What kind of problem will occur?

(Amount of water volume used, water pollution, others) ?

(3) What is the countermeasure method of WSP?

gt
g

4 Water Supply

Comments:

- END-
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. . A distribution analysis is a basic investigation item for measures to prevent non-revenue water.
5. What is an index on water balance analysis? .......cccccoeviiiiiiiiiiiiiiiieininan 6
The purpose of the water distribution analysis is to investigate / analyze how the water
6. Points to note in Water Balance Analysis .......cccocvviiniiniiiniiiiiiiiininini 7 distribution volume was delivered from the distribution reservoir to the water supply area (DMA)
. ) . by the distribution main pipe and how it was used. (Refer to Figure 1)
7. What is the insensitive water volume of the water meter? ...............eeeuuenees 8

For leakage reduction, a plan should be formulated including the update plan from the cause
analysis of the amount of ineffective water (rate) shown in this analysis table.
The responsibility of the water business operator is to keep the results of the non-revenue water

rate shown in the water distribution analysis table always at "low" level

Managed by customers
Distribution

. Reservoir Bulk Meter (BM-1) Customer
River Water Meter (CM-1)
DM-L N @
N

Gravity Flow

Flow Meter
‘Water Supply Networks

Figure 1: Typical Block Diagram of water supply facility Scheme

3. Key words definition

Non- Revenue Water The difference between System input volume and Billed

authorized consumption

System Input Volume Annual volume put into the part of the water supply that relates to

water balance calculation

DMA District Metered Area
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4. What is water balance analysis?

Distribution analysis is the "tracking survey of water distribution" in order to find out where
water is used and where the amount of non-revenue water is generated in the "Water
Displacement Survey Table".

As aresult, the amount of non-revenue / effective water can be known.

The distribution analysis table is shown below. (Refer to Table 1)

Table 1 Water Balance analysis (IWA STD)

Qt:
System
Input
Volume

(m®/Y)

D1: Vi: (D Billed Metered Consumption  (including water | Q2: Revenue
Authorized | Billed  Authorized | exported) (m%/Y) Water(m®/Y)
Consumptio | Consumption @ Billed Nan—-metered Consumption(m®/Y)
n (m%/Y) (m*/Y)
V2: @ Unbilled Metered Consumption(m®/Y) Q3:
Unbilled Authorized | @ Unbilled Non-metered Consumption(m?3/Y) Nan—Revenue
Consumption(m®/Y) Water(m®/Y)
D2: V3: ® Unauthorized Consumption(m?3/Y)
Water Apparent ® Metering Inaccuracies(m®/Y)
Losses(m®/ | Losses(m®/Y)
Y) V4 @ Leakage on Transmission and /or Distribution
Real Losses Mains(m®/Y)
(m%/Y) Leakage and Overflows at utility’s Storage
Tanks(m*/Y)
@ Leakage on Service Connections up to Customers
‘Meters(m®/Y)

Source: IWA: International Water Association Standard

Box 9.1 International Water Association Water Balance

The following are definitions of principal components of IWA water balance.

e System Input Volume is the annual volume put into the part of a water supply system that relates fo
water balance calculation.

e Authorized Consumption is the annual volume of metered and/or non-metered water taken by
registered customers, water suppliers, and others who are implicitly or explicitly authorized to do so
for residential, commercial, and industrial purposes. It includes water that is exported.

e Water Losses can be identified by calculating the difference between system input volume and
authorized consumption. They consist of apparent losses and real losses.

e Apparent Losses result from unauthorized consumption and all types of inaccuracies associated
with metering.

® Real Losses result from losses at mains, service reservoirs, and service connections (up fo the
point of customer metering). The annual volume lost through all types of leaks, bursts, and overflows
depends on their individual frequencies, flow rates, and duration.

¢ Non-Revenue Water is the difference between system input volume and billed authornized
consumption, and it consists of the following:
* Unbilled Authorized Consumption (usually a minor component of water balance),
* Apparent Losses, and
* Real Losses.

R-1#3-5
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5. What is an index on water balance analysis?
For the management index, (a) the non-revenue water rate, (b) the Revenue Water, etc. are

calculated from the water distribution analysis table.

B For example,( Refer to Table 1)

a) Total System Input Volume is the total flow rate measurement (BM 1) at the outlet of the

distribution reservoir
b) The amount of Revenue water is an aggregated value of the meter reading amount of
(C.M. from 1 to 3)

B The relationship between the Revenue Water rate and the non-revenue water, the

Non-revenue Water Rate is "high" and the Revenue Water Rate is "low".

B Each indicator is calculated in the following way.
a) Calculation formula of water quantity(m?)
Q1=Q2+Q3
Q3=Q1-Q2
Q2=Q1-Q3

b) Formula for calculating percentage (%)
Q3(%)=(Q3+Q1)x100
Q2(%) =(Q2+Q1)x100
Q3(%)=(Q3+Q1)=x100

6. Points to note in Water Balance Analysis
Points to note concerning investigation of water distribution are as follows:
(1) Preliminary preparation items
Before measuring the water distribution volume, it is necessary to consider the following
items.
@D Is the measurement accuracy, operation, and use conditions of the flowmeter
appropriate?
@ Is the measurement point / appropriate?

@ Is the flow rate calculation method appropriate?

(2) Procedure for measuring and recording flow rate

@ System Input Volume

R-1#3-6
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Record the total water distribution on the discharge side of the water treatment reservoir/

distribution reservoir of the water treatment plant.

(@ Water volume of each distribution (DMA) block
Record the amount of water that flows into and distributes to all water distribution

blocks / compartments.

® Billed Authorized Consumption
Record and sum up the amount of water used by each meter installed in the water

supply pipe.

¢ NOTE:
That the following is an example of a simple method of calculating the flow rate when

"Flow meter is not maintained" or "cannot be used due to" Other causes of failure ".

(D Calculate the water distribution from the water distribution of the water purification

plant and the record of the water level change of the distribution pond.

@ Calculate from the rated water quantity of the distribution pump, the number of

units operated and the operation time.

@ Calculate from the electric power consumption of the distribution pump.

(3) Revenue Water volume

(Calculate amount of water received from meter's meter reading water volume)

(D Whether the amount of water in the fixed rate tariff is appropriate?

(@ What is the insensitive amount of water (measurement error) of the meter?

@ TIs the amount of water per one stopper of the fixed rate tariff appropriate?

@ Ts there a mistake in the presence of illegal connections, or the amount of water used

for free tariff?

(4) Un received water quantity

(D The amount of non-revenue water shall be the amount of water obtained by subtracting

the amount of total collected water from the total water distribution.

R-1#3-7
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of the water meter?

It is the amount of water that cannot be measured with a meter due to a small flow rate (called

initial water flow) that cannot be measured by a water meter and measurement accuracy of the

meter (called instrumental error). (Refer to Table 2, Figure 2)

Table 2: Expected value of meter insensitive water rate (Example)

Descripcion Water rate of Meter insensitive (%)
Paraguay 12.0
Japan (JWWA Q 100 standard) 2.0
Past experiencia (Figure 3-2) 2.0~3.0
Measurement range of instruments 5.0
(Test tolerance 2% to 5%)
Do not consider 0.0

g st
Lar
ENEInY -
g@:J e
2 2 Xa
Z X Xe
= L]
21' % Xs
= X1
O-
:?: 2" Xs
= L 1 1 L 1 1 L/
¢ 1 2 3 4 5 6 7 k:_a)

Figure 2: Year of use of

Age of Service (Years)
meter and insensitive water rate (%)

-END-
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1. Objectives (out-put)

(D Understand the role of the distribution pipe network.

@ Understand water distribution management.

@ Understand the structure of the pipeline that constitutes the water supply facility.

@ Understand the layout of water distribution network

(® Understand the role and managing of water distribution network

© Understand the challenges of managing water distribution network in Kenya

2. Introduction

The distribution pipe network has the function of transporting, distributing, and supplying

purified water, and it is necessary that the water supply is stably supplied at an appropriate water

pressure at all times, and in order to be able to maintain the supply of water at emergency.

Also, since most of the water distribution pipes are laid under the ground like a stitch in the water

supply area, it is necessary to construct a piping network in which operation and maintaining is

easy and water quality in the pipe can be sufficiently conserved

3. Key words definition

The scope of the pipeline to be discussed in this water distribution pipe network management shall

be the pipe network of water supply pipe and water distribution pipe.

Key words

Descriptions

Raw water Pipe (channel)

Pipeline for sending raw water to the water purification plant

Main water distribution pipe

(Transmission pipe)

A pipeline that sends water treated as drinking water at the water treatment

plant to the distribution hubs.

Water distribution pipe

A pipe network that diverges from the main water distribution pipe and

distributes to all customers.

Water service pipe

A pipe that supplies water to each customer from a water distribution pipe

Gravity flow method

Method of distributing water naturally by utilizing height difference from
the hill (high).

Pumping method Method of distributing water with a pump
Combined method A water distribution system combining gravity system and pumping system.
Blocking / Zoning Divide all water distribution areas appropriately so that pipeline

maintenance and management can be easily performed.
(Zoning: A relatively large area) (Blocking: Area where zoning was further

divided)

Hydraulic control

Maintaining stable pipe net water pressure "and" Monitoring abnormal water

pressure "
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Water hammer

Abnormal pressure rise phenomenon caused by sudden change in water flow

(It may causes breakage of the pipe network)

Mapping

Pipeline details drawings

GIS

Information on Geographic Information and water distribution network is

digitized and shared. (Geographic Information Systems)

4. General information

4-1 What is the facility function (role) of the water distribution network?

The role of the water distribution network is to provide water supply service that enables the

following basic elements to be fairly safe and secure to all beneficiaries.

(D Water volume (Provide adequate amount of water)

(@ Hydraulic pressure (maintenance of steady pipe water pressure)

(® Water quality (Provide safe water quality conforming to water quality standards)

4-2 What is the meaning of management of water distribution network?

Main items to be implemented mainly for maintaining the function of the water distribution

network are shown below.

@ Facility management that can cope with an increase in water demand

(@ Maintenance and management of the flexibility of pipeline that can provide stable (safe

and secure) water supply service even in leakage / water cutoff

@ Longevity maintenance of the service life of the distribution

Table 1: Example of Concept of service life

Items Actual life(years) Japanese (Legal standard) Kenya Other
country

Civil structures 50~100 years Water Treatment plant 40 years
60 years

Water pipelines 25~100 years Distribution pipe 40 years
40 years

Water supply pipe | 25~ 50 years Building accessory equipment
15 years

Valves 10~40 years Pipeline
30 years (recommended)

Water meters 10~20 years Water meters 7-8 years
8 years(Measurement Act)

Flowmeters - Flow meters 10 years
15~20 years (recommended)

Machinery 10~30 years Pumps

equipment 15 years
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4-3 General distribution system
The water distribution system from the water purification plant to each water distribution zone has

a natural flow method and a pump pressurization method.

Figure-1: Flow of Constituent Facilities of Water Supply Facilities

4-4 Status of laying pipeline

The pipeline is largely classified as follows.

Raw water pipe
Transmission pipe
Distribution pipe
‘Water service pipe

Pipeline

Most of these pipelines are buried alongside roads, but due to circumstances during laying it
may be buried in places other than roads (forests, upland fields, etc.).

These pipelines are subject to the influence of ground subsidence, corrosion, traffic loading,
construction, etc. in addition to deterioration of the pipeline materials constantly exposed to
the risk of leakage.

Also, in places where pipelines are laid where there other structures, maintenance is
difficult.

4-5 Points to keep in mind when planning for future placement of water distribution facilities
1) Effective utilization of topography data in distribution facilities

(a) Ideally, the distribution facility utilizes the potential energy of water and considers
energy conservation.

(b) The shorter the distribution distance, the smaller the diameter of the water
distribution pipe.

(c) After seeing the future of water demand, it shall be a distribution facility adapted to
the topography.
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2) Appropriate placement of water distribution pipe

3) Operation of rational and economical facilities

4) Facilities that are economical and easy to maintain and operate

5) Improvement of bypass function of piping in main water distribution pipes and in water

Distribution pipes

5. Challenges in Kenya
5-1 Limit of piping network system function
1) Main issues
(1) Occurrence of unfair balance of water distribution (decrease in water supply service)
In the current water distribution system, as a result of an urgently expanded piping
network, "proper water balance" collapsed, water supply volume was insufficient,
uneven water pressure distribution occurred, and it became a factor of lowering the
water supply level"

As a result, the trust relationship between WSP and customers is obstructed.

2) Main cause
@ Unplanned expansion work
(a) The required diameter of the water distribution pipe cannot correspond to the
Supply volume

@ Insufficient number of valves to adjust the water distribution volume

@ There is no freedom of water distribution by the bypass pipe

@ Materials for judging the update time are not yet developed
(a) Delay in maintenance of pipeline map (Mapping or GIS)
(b) Asset ledger of water supply facilities is not maintained

® Insufficient piping materials used
(a) Since the piping network is maintained with available materials, durability is
deteriorated and the function is deteriorating.

® Improper construction supervision
(a) Settling of covering caused by defective burial construction occurred
(b) After completion of construction, water pressure test, washing, removal of

contaminants, disinfection work on pipeline is unconfirmed
(@ Insufficient maintenance of function monitoring system of pipe network
- It relies on leakage information from public.
insufficient investigation of underground leakage

(a) Planned leakage investigation has not been implemented yet.
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© Insufficient cleaning of pipe network
(a) Since the washing of the piping network is insufficient, internal corrosion and

water quality deterioration caused by precipitates in the pipeline occurred

5-2 Items that should be focused on improving maintenance function of piping network

1) Improve blocking and zoning of distribution areas,

2) Improve monitoring system in water distribution network (Flow, pressure and quality)

3) Improve water pressure management

4) Improve water distribution regularly

5) Improve water hammer reduction

6) Improve Pipe line drawing arrangement (by mapping)

7) Function evaluation of pipeline / Implementation of physical evaluation
(Degree of aging / water leak condition / survey of hydraulic condition / investigation of
laid condition / water quality deterioration investigation)

8) Implementation of water leakage survey by leak detectors,

9) Implementation of the operations and maintenance of distributing reservoirs

10) Confirmation of functions of valves

11) Implementation of rehabilitation and renewal of distribution pipes

12) Upgrading of ledger (pipe ledger, valve ledger, asset ledger, leakage accident ledger)

13) Upgrading store stock yard management of materials / equipment

14) Offer maintenance records of underground buried pipe

5-3 Points to remember to upgrade occurrence of the unfair balance of water distribution
5-3-1 Improve blocking and zoning of distribution areas,

1) Purpose
(a) Appropriate distribution and balance of distribution pressure
(b) Improvement of water management
(c) Reduction of function of pipe network due to construction, damage
Here, the concept of zoning management is understood.

2) Examples of sectioned scale and items to be monitored

Table 2: Monitoring items for distribution category

Classification Scale sectioned Monitoring items Expected effects
(Zoning/Block)
Large Based on trunk transmission Distributed volume a) It is possible to effectively reduce

line network centered on water
supply by water treatment plant

and water source

and water pressure

measurements

non-revenue water in zonal blocks.
(b) It is possible to balance supply

and distribution pressure and supply
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Middle Based on distribution reservoir | Measurement of water | / water distribution. (Equalization of
level distribution, residual water distribution)

in each area (d) Leakage monitoring is enhanced.
Small Further divide the middle block | Early detection of (e) It is possible to prevent
(total extension 5 to 10 km, water leakage accident | expansion of damaged areas at the
number of meters of 100 to by pressure gauges time of accident occurrence

700)

leakage, water pressure | (c) Water quality can be monitored.

3) Items to be confirmed in preliminary survey

(a) Understand existing water distribution facility conditions
Arrangement in ledger form: Layout, capacity, structure and special problem to be
noted such as aging, difficulties in upgrading and so on

(b) Understanding the conditions of water demand
Understand the current population density and predict the population from urban
planning.

(c) Grasp the hydraulic condition
Approximately estimate the required supply water volume and water pressure to each
area in consideration of the application area, urban topography, etc. in urban

planning.

4) Points to keep in mind when planning Zoning / Blocking
When considering proper blocking / zone allocation, it is also important to improve the
following points to keep in mind.
a) Main points

@ Integration of piping network and distribution reservoirs.
@ Securing flexibility in maintenance management.
@ Strengthened water distribution control policy.
@ Reinforcement of water pressure management policy.
(® Reinforcement of water quality management policy.
©® Improvement of operation effect of facilities.
(@ Reinforcement of monitoring system. (Flow control, leakage accident,

water pressure management)

b) The way of thinking of division of Zoning / Blocking
As for the determination of the boundary line of zoning, the following "optimal
combination" is discussed.
R-1#4-9
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D Based on the distribution reservoir.

@ Based on difference of elevation area.

(® Based on the area where the rate of non-revenue water is high.

@ Based on the integrated plan of a water supply reservoir and a pipeline.

(® Based according to water source.

® Based on the improvement area in the area where water supply service is
low.

(@ Based on the city water supply usage by urban development.

Based on a direct connection water supply area.

© Others

NARWASSCO

NAROK

SOUTH
__Regional Sector

mashiarial Ololulunga
Town Town
R i R i

eservoirs eservoirs @

—

[
|| e

L8

Figure 2: Classified Water Supply Areas by Sectored (NARWASSCO)

CENTRAL WTP
(EXISTING 2,500m3/d)

TOTAL

(100m3)

::#

SMALL
Zone
ToulEsa2

Figure 3 : Typical Concept of the Pipe network by Sectored Classified (NARWASSCO)
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2) The momentary pressure variation by change of hydraulic balance occurs by a

5-3-2 Improve monitoring system in water distribution network. following cause.
1) Purpose (a) Change of water consumption.
It is duty that WSP should maintain the water distribution system with which a (b) Variation in water supply pressure (Water level of a reservoir and the Pumping
customer can always be satisfied of the service(Safety, relief, and reliance)is working, situation)
therefore, it is necessary to build the monitoring system (flow, water pressure, water (c) Change of water temperature.

quality) of 24 hours. (d) In the long run, it is the fall of the flow velocity factor of a pipeline. (C-value)

Especially the monitor of a leakage-of-water accident is understood in WSP
headquarters and/or Measure unit in an instant, is that repair work is carried out 3) Surveillance system of amount of water and water pressure (24-hour monitor)

quickly and can contribute to water supply service keeping and Physical losses (a) Water pressure management of a pipeline will be carried out with two or more

reduction. pressure gauges installed in the pipeline.

(b) Water pressure data is sent to a water supply center with an automatic distant

Here, the monitoring system in water distribution pipeline is understood. place supervising system, and the stable water pressure of a pipework network is

monitored.
2) Main monitoring items are as flows; (c) If especially leakage of water is detected, cause survey and repair work are

@ Flow rate carried out immediately.

The amount of water of every point is measured by installed bulk Meters by

stream, and the following items are needed improvable.

“‘F Maobile

Communication Network

(a) Correct water supply analysis is achieved. Communication

(b) Measurement of the daily minimum flow will grasp leakage amount. Madule

(c) Correct water supply analysis is achieved.

Flowmeter &
Fressure Gauge

@ Water pressure

A momentary pressure variation installed in pipeline is monitored with a

mechanical pressure gauges or a pressure sensors.
As aresult, the following items are improved.
(a)A leakage-of-water accident is discovered early.
(b) The time zone which the deficiency of water pressure created is grasped.

(c) The improvement of a pressure insufficiency block becomes easy.

® Water quality

Common degradation in doxes of water quality are shown as Residual chlorine,

turbidity, color and pH
Figure 4: Example of the appliance of an automatic pressure monitor

The safety of a water pipe network is confirmed at value of Residual chlorine,
(EMBU)

concentration by block.
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reservoir
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Emergency
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Figure S:  Typical Instrumentaion system in Distrubution Facilities

Legends

TP: Transmission pipe
DL: Distribution line
PPumps

FM: Flow meters

PL: Press. Indicators
CL-Chlorit it

PRV Press. reducing
Valves

Large Block
(Zoning)

| Small Blocks

Figure 6: Typical monitoring system (By Flow meter, water pressure gauges and chlorine sensor)

5-3-3Improve water pressure management
1) Purpose
Water pressure management with the optimal water pipe network is stable keeping of
water pressure and monitor of anomalous water pressure.
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2)

¢4

Especially the water supply with high water pressure becomes the leakage of water
from piping with low resistance to pressure, and a cause of a damage.
On the other hand, lack of the amounts of water supply produces the water supply

with low water pressure.

Moreover, from the damage section of piping, contaminated water flows backwards
to a water pipe, and there is a possibility that water quality may deteriorate and the

health damage caused by drinking water may occur.

Here, the management method of water pressure is understood.

Measuring method of water pressure
Water pressure management must be made a top priority in WSP located in area with

a large difference of elevation.

(1) How to select water-pressure gauge installation points
@ Points at the near branch from the main water pipe to each zone
@ Points at the pipe end of a piping network
@ Height points (the minimum water pressure occurs)
@ Points at the front and after of reducing valve (verification of reliability)
® Points which a water hammer tends to generate

® Point in 2 to 4 km distance (for leakage-of-water information)

=

Distribution Map of Water Pressure
Plot distribution map of water pressure based on the results of measurement of water

pressure
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1500 W] P Seusce: Mateby ACA Expent Team

Figure 7: Example of Presser Map ' — -

3) What is the pressure loss in a piping network?

The pressure loss of a piping network is the frictional resistance of the pipeline
which occurs when supplying water, and a pipeline loss increases, so that the length
of a pipeline is long.

In consideration of the surface roughness of the inside of a pipeline, Hazen
Williams’s formal is especially used for calculation of the friction loss head of

water (Pressure loss) of a piping network.

4) Hazen-Williams formula

The Hazen-Williams equation is more readily used for network analysis.

It gives acceptable results provided the coefficient is carefully determined. The

formula is:
V = CR063 5054 x 0,001 004

In which V is the velocity of flow in feet per second, C is a coefficient depended on

the interior conditions of the pipe (sometimes called the coefficient of roughness), R
is the hydraulic radius or the area of the pipe divided by the wetted perimeter in feet,
and S is the slope (H /L) of the hydraulic gradient or head loss, in a meter per 1,000
m of pipe.

Note: Application
® Hazen-Williams formula: more than ¢100

®  Weston formula: ¢75 or less paths

5) The relation of general pressure and flow

R-1#4-15
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The conditions of a review: Both A service pipe calibre and inflow flow are set
constant.

(1) Because the water pressure of an end will fall if the frictional resistance of a
pipeline increases, the flow of end water supply decreases.

(2) If water consumption increases, pipeline frictional resistance will increase and
the water pressure of an end service pipe will fall.

(3) Therefore, in order to maintain the flow of an end service pipe uniformly, it is
necessary to make water pressure high by the friction loss of a pipeline, and to
supply water in advance.

(4) Water pressure "it is high" The Q-H performance curve of a pump will become,
if a flow decreases.

(5) Therefore, water pressure will become high if the amount of the water used at
night decreases.

(6) If the water pressure of a pipeline is high, the amount of leakage of water will

increase.

(7) Because the pipeline lacking in intensity becomes damage and a cause of
leakage of water, there is the necessity of carrying out water pressure control

with a valves.

6) Water pressure reduction

(a) "Valve travel" of a water supply valve at night is a few.

(b) Modify connection of a water pipe route and a bypass pipe.
(c) Install Orifice Valves controlled by Micro-computer

(d) Install Auto valves

(e) Install Reducing valves

(f) Use Electric rotational-frequency motor -pump.
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5-3-4 Improve Water hammer reduction
1) Purpose
Water hammer is generated by sudden stop of a pump and rapid closed a valve, it may
damage a water pipe network.

Here, Water Hammer Reduction method is understood.

2) Feature of the pressure wave of water hammer

The wavelength of a water hammer is a sine wave, and high pressure and negative

pressure occur repeatedly and decrease it gently.

(1)Water hammer due to sudden pressure rise

£ .
50 (2) Water hammer by water column separation
@ (a) High pressure occurs, when water and water collide rapidly.
(b) Low negative pressure occurs, when water and water separate rapidly.
10
0 02 04 06 08 10 1.2 14 156
S Install a reducing valve in the pump 1 B
Q-H Performance curve discharge side. 16 A i DUBL iy fyne chack i

E \ —MNozzle type check valve

Remarks: ®: Typical Pumps, ®: Reducing valve installed, ©Rotational-frequency Pumps E u
. 21 e e
'g z_ 10 check valve closes

. z §, \
" Generator g -} I Design Pressure
d P, = & . i
Waterwheel || E ! X\\M
d g - e
B E
_‘E' - = Pumg B trigs
08 Time Since Vahe Closing () 00 05 10 15
-1 Time , second
9kW 3kW Figure 9: Example of Wavelengths of Water Hammer Reduction Maps
Difference:35m, Flow:2.8m*/min Deference:30m,
Small scale hydroelectric power pumps Flow1.0 m*/min . o )
3) Where is the piping network which Water hammer tends to generate?
"1 15 kgliem2 _Reservoins If it generates within a piping network, because the rise of water pressure diffuses Water
hammer pressure, it does not become a not much big problem.
\_x However, in the pipeline of the following conditions, a possibility that a water hammer
will be generated is high.
< D In the case of a metallic piping
Ai @ The total extended distance is long at a single pipeline.
0 kgfem? o more ® The equipment installed which generates change of pressure, such as a pumps and
a valves.
Example of a leakage generating point’s map Example of a water pressure distribution map @ Total pump head on the delivery side is large.

Figure 8: Example of Leakage points and Pressure Distribution Maps
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& NOTE;

Most Main distributing pipe lines may be required for the review of

the measure against Water hammer.

4) Problems by the pressure fluctuation by a water hammer
(D The pumps in a pipeline, piping, a valve, a joint, a piping support, are damaged by
rise pressure.
@ A pipeline is destroyed by the drop in pressure by pressure deformation of a

pipeline and the secondary pressure increase by water column separation.

5) Measure against water hammer
General measures are measures with most realistic keeping water from changing "rapidly."
(1) Flywheel
In order to prevent the sudden stop of a pump at the time of pump pressure feed, it
is the method of preparing weight in the axis of rotation of a pump, and stopping a

pump gently using the inertial force.

L
o {
N L |
lﬁ&ﬂl |! II_ ﬂ| 1 |

(2) Conventional surge tanks and One-way surge tank
It is the method of installing the tank which has the free water surface in the high
place which the negative pressure in a pipe tends to generate, and missing water

pressure by up-and-down motion of the water surface.

= Discharging chamber One-way surge Bl tp
i ] tank <

w7

Pamp

_ Check valve
r=(Pipe head loss between tank and [Note] H,=level defference between tank
distharging chember) - Velocity head and discharging chamber
Pipe Line of Conventional Surge Tank Pipe Line of One-way Surge Tenk

Figure 10: Example of Conventional Surge Tanks and One-way Surge Tank Systems
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Water bevel
indicator

Balleock

Flexible [,"
Intezcomnecting

= Nommal water
level

Overflow (:_|n:|:k valve

It is the method of controlling a negative pressure by supply of water or Rubber
bag.

Rubber bag

Air
Vessel ~Water 2 :
Compensation strainer|

Connecting pipe 1

| S~ Main pipeline |
—PY X .

| et ]

Pump Check valve

(4) Air release valves
An air valve is the method for a small size pipe of always installing in a pipeline's
height and release pressure by suction of air.

Maintenance management is frequently required because a function is maintained.
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(5) Slow Shut Type Check Valves
This type of a Check valve to be installed at pipe line after Pump’s discharge side

shuts a door slowly by effect of Counter-weight & by-pass Valve assembled.

" 5
',5.* L‘

T Cuthion chamber

5-3-5 Improve water distribution adjustment

1) Purpose
As for water supply fair to two or more water pipes, according to a valve operation plan,
opening and closing of a valve are managed for the skillful valve Operator from a water
supply reservoir.
As for the result of valve operation, the data of a flow instrument is recorded.

Here, the distribution method of water supply is understood.

2) Information required for preparation of the delivery allocation
(1) Preparation of a water supply valve operation plan
This plan predicts the amount of allocation for every zone block from the weather and
a season, draws up a plan per season, and is reexamined periodically.
An allocation plan on the day is determined on the previous day, and is directed to a
valve operator.
»  Information required for the review of a plan is shown below.
(a) Quantity of water intake
(b) Amount of water-purification
(c) All the amount of water to be supplied
(d) Required amount of water of each zone and/or block
(e) Peculiarity of a distribution area
(f) Peculiarity of a distribution area

(g) Suspension-of-water-supply time

(2) Operation method of allocation amount of water
Water is supplied by plurality by operation of an allocation valve.
The point to be checked of valve operation is shown below.
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Kapsabet
Office R
(600m3)

% #5-3-2-1
*

2018 Aug.

(a) Grasp of the water level of a water supply reservoir

(b) Amount of water supply is measured with a flow instrument.

(c) Achievement record is created

(3) Example of OJT Training in Kapsabet Nandi WSC: KANAWASCO 2011

#5-3-1-1

#5-3-1-2
Office Office
Reservoir R
(100m3) (50m3)

%#5—3—1—3

Y #5-3—1—
X #5-3-1-4

Distribution

PFM-2

Total Flow (m3)

No 1

SINGORWA
(1,0

No.2

MD Reservoir
50m3)

I 300mm

Zone (Codet) Name Zone (Codet) Name
ZZ"":OO’;' Showground Zfs"oeoo’;s Kamartugui
Zone #2 ] Zone #6 Kapngetuny

(2000) Prison (6000) (No. H.C:
Zone #3 Town Center Zone #7 K b
(3000) (No. H. C:: (7000) amopo
Zone #4 Chebarar Zone #8 Kabutie
(4000) (No. H.C.: ) (8000) (No. of H.C: )
NOTE: Total House Connection: about 300

130m3

90m3

(1) Peak Flow:8:

(2) Flow Survey:
1/DFM-2/DFM—

#3-1-1

High
School [ @

Exst. | 435

o | e
School

:00am/18:00 pm

DFM-
3/DFM-5

(3) Time consumption Survey:

Zone#8(DFM—4)
9)/#7 (DFM-10)

Figure 10: Example of Water supply flowsheet
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5-3-6 Improve Pipe line drawing arrangement (by Mapping / GIS)

Table 3: Example of Schedule of Valve Operation (1) Purpose
Zone/ Valve The concept of the unified management technique of pipeline information in which is
Valve # | Reservoi| Size | Opening Position 0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 | 10:00| 11:00 | 12:00 | 13:00| 14:00| 15:00 [ 16:00 | 17:00 | 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
r Indication .y .
o | ouoem = utilized the Mapping and GIS are understood.
- WTP Outlet Close ‘Cloaed |Closed|
Singorw) T2 | outet Open [ 1 Open
#1 3001 Outlet Clos: Closed Closed| 11 1
Reservoir| 200 Qs o (2) Utilization of IT technology
50% Inlet Op: Open
w2 | zone #4 | 150mm e T ] (a) Features of IT system
From Sin R | |
50% | InletOpen ‘wen‘ The feature of this system is that digitized letters, numbers and image information are
s - isomm
o o F;:T;:,';.R ‘ m‘ incorporated into Geographic information, and necessary information is unified and
; .
#3-1  [School R| 150mm . .
130m3 From SRR reproduced on the computer, and as output data, analysis results of the position and
10-20% Outlet Open
150-] . .. . . .
w11 [ zoness |00 Close Closed Closed Closed location of the piping network, the pressure distribution etc.
From HSR
High 0% Inlet Open [Closed|
#3-2 |School R | 150mm
90m3 From Sin R i i i i
1 10:20% | Outlet Open It is a unification system of maintenance and management work that can express on the
(Route- | Zone #6 | 100mm Close Closed |Closed| Closed|
v From HSR [ ] PC screen.
#3222 1020% | Outlet Open | |
(Route- | Zone #6 | 100mm Close. Closed |Closed| Closed|
2 From HSR [ 1
WTP Operation [_Size »g;: 0:00[ 1:00 [ 2:00 3:00 [ 4:00 [ 5:00 b:;o 7:00 [ 8:00 [ 9:00 [10:00] 11:00] 12:00] 13:00] 14:00] 15:00] 16:00] 17:00] 18:00 |‘99..(§ 20:00]21:00]22:00[ 23:00 (b) Classification of IT system
Operation 300mm 1,000 ) : . .
(Dry :Oct-Man) 2000 } (@D Mapping system (only pipe network data can be outputted)
3.000
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3,000 [ [ . . . .
Mapping of the pipeline network is absolutely necessary for WSPs to implement
efficient NRW reduction measures.
" m— In case of WSP without any map of its pipeline network, the first step is to prepare
FORM-9 T DAILY PECORD OF MASS BALANCE OF WATEFR DISTREIBUTION
: s a hand drawn map by carrying out a site survey of the supply area. It is
[ Drate: I
recommended that this hand drawn sketches to be converted to digital files (CAD,
Operaber’s Sigg Eection Chief Synature
rn D tc.)
etc.
1
[ [ Fs Famstuga arma | Approved By
| [ ] n
| | =
. The first step to the preparation of the pipeline network
map is to conduct a survey of the supply area on foot.
T
| T
| Y
_| DFM-E [ rpmrnone ] [ oraw
L DEM.F i | 1
= = | B8
P Fapsbei 0 ice [ A hand-drawn map must be sketched at the time of the

REE]

foot survey.

All sketched maps must be organized to produce a

sketch of the pipeline network of the supply area.

Figure 11: Example of Daily Record of Mass Balance of Water Allocation
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A More information such as location of valves and
o information on water meters, can be added onto this
2 map.
v The hand-drawn maps should eventually be converted

to digital files using CAD and/or GIS.

@ GIS (Various data can be outputted)
By inputting more information into the mapping information, it is aimed at
outputting various kinds of data.
GIS has been introduced as a platform for the management of water service system,
especially for its characteristic capacity for comprehensive management of maps
and databases. GIS is used in areas such as data analysis methods, customer

registers, revenue collection, etc.

(3) Basic information required (varies depending on the system to be utilized)
(@ Map information
*Geographic map
*Boundary (zone, block etc.)
(@ Transmission / distribution network
+ Water treatment facility location map
* Route map of pipeline
* Distribution facility location map
+ Information on leakage accident occurrence, others
@ Water Service
* Route map of service line
+ Information on meter management
+ Information on toll collection
+ Information on illegal connection
+ Information on leakage accident, others
@ Information on facility maintenance management
® Information on water leakage survey
©® Information on the business register

(@ Information on urban planning, others
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(4) Strengthening the confidentiality of personal information
Since digital information necessary for utilizing IT technology includes personal

information and internal confidential information, it should be strictly managed.

(5) Items to be considered in advance of system introduction

It is necessary to select the IT system in advance by examining the introduction purpose

and introduction effect.

The items to be examined are shown below.

(a) Purpose of introduction

(D Effect of cost reduction
@ Improvement in service
@ Effect on advanced strategy planning

@ Cost effectiveness

(b) Confirming the achievement priority of the introduction effect

@ Group 1:
Improve water supply service activation of organization and Improve reliability
of water supply

@ Group 2:
Lack of water pressure, decrease in water cut-off time, Open business
information

@ Group 3:
Accelerate response to complaints, anyone may allow to use analysis tool,

@ Group 4:

Providing information such as leakage at home

(c) Example of checking the priority item of output data
@ Display:
Topographic map, Location map of water supply facility, Pipe route,

assumption of natural disaster damage map Update plan of pipeline

@ Search result (output of charts & drawings, etc.):
Distribution map of aged pipe, map of zoning (by boundary) piping network,
Hydrostatic pressure distribution, Customer meter information, Information on
leakage occurrence point, Distribution analysis table, location map of the

discarded remaining pipe, others
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3 Calculation result (management):
Numerical value of water pressure distribution, management index, flow
direction, Timing of pipeline updated, approximate information on repair cost,

leakage in Block, cost of improvement, others

» Utilization of IT technology is effective as a means of water supply assets and pipeline

» When choosing the introduction of the system, it is necessary to consider the cost

» Input of accurate basic data is indispensable.

» It is essential to constantly update the data to the latest information.

operation management.

effectiveness from a long-term perspective.

(6)

Introductory effect of a Mapping System

The mapping system is a simple IT system to facilitate the maintenance operation work
that inputs digital information of water supply facility maintenance information, pipeline
rout, location of valves, and meter location of each household in a topographic map
and/or aerial photograph, and displays necessary data output on a PC screen and print
out.

As aresult, WSP can respond instantaneously to customer consultation to improve

citizen service and help improve WSP management efficiency

€ Example of effects

% At the time of leakage, it is possible to quickly respond because the location
of the valves and the water failure-houses can be specified easily.

% When building a house, you can see where a water pipe is located with one
button on a PC.

(7) Introductory effect of a GIS (Geographic Information Systems)

GIS can input more digital information to Geographic information than mapping system
and displays necessary data output on a PC screen and print out.

As a result, pipeline information (for example, pipeline, meter reading, ledger work),
management indicators, and calculation data are outputted in a timely manner, so that
management can speed up management decisions to improve management soundness

and strengthen water supply service

(8) Examples for GIS data output

(D Predicting the effect of an update plan
@ Mark out risk of leakage
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@ Proposal for proper water distribution and countermeasure in case of emergency by

valve operation and

@ Piping network management by hydraulic calculation software

® Calculation of update priority order

(9) Example of data input work procedure (GIS case)

The basics of data input work is to input a lot of related digital data as map data to base

information.

The following is a flow of construction of a simplified GIS-piping network maintenance

management system.

Procedure of work

Work contents

#1 Input basic data -Utilize aerial photograph data, satellite image data, etc., taken with the
(Geographic Information Geographic data as it is.
map) to PC -It is necessary to periodically update to the latest data in order to correct the
change of Geographic data (For example: Q-GIS, Quick-Bird ,Ikonos and
Google)
#2 Input database (attribute -Distribution facility information, existing pipe network diagram, completion
information) to PC drawing, maintenance record, customer ledger, meter management
information, calculation software, billing information etc.
-After digitizing the database, input it to each file.
#3 Combining basic data -Precisely overlay coordinate values of satellite imagedata with digitized
and database in PC drawings.
-Check the coordinate values of the current piping route, valves etc., by actual
measurement or simple GPS.
#4 Editing digitized -The database is updated on a regular basis.
information and -Confirm the accuracy of data output by PC screen display and/or printing.
confirming output
#5 Completion of database -Output of edit data

creation of GIS

-Example: drawing, simulation analysis, operation index, invoice, others

Figure 12: Example of Work schedule of GIS
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5—5 Distribution reservoirs

5—6 Pipe material

5—7 Air Valve

" Informacién de la conexién entre
ramales

domiciliarios y micromedidores,
y de usuarios

Figure 13: Example Route of piping network by GIS

—END—
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1. Objective (out-put)
Table of Contents

@ Understand how reduction of physical losses

@ Understand the components of physical losses

1. ODJECtIVES tueueneininininiiiieiuiiiiiieiiietiiitiititettrattttetetasasateenenasas 4 @ Understand the sources of physical losses
2. INtroduction c.o.veieeiieiiieiiniiieiieieieieeeeesoresiasosstonsosssonsssassssssnsonsssnse 4 © Understand the causes of physical losses
(® Understand the factors that influence leakage occurrence
3. Key words definition........ccceveieiiiiiiiiiiiiiiiiiiiiniiiieiiiiiiieneinienn, 3 ® Understand the layout of water facilitics
4. Component of Physical (Real) LoSSeS .....cccoeiuiiuiiiiiiiniieiiiiiieiiiiinnnns 4 @ Understand the importance of leak records
® Understand pipe laying procedures
5. Some Sources of Physical Water LoSses .......ccccevuininiieieininiiiniieiennnne. 6 @ Understand on how to detect water leakages
6. Some Causes of Physical Water Loses .......c.ccoeveiniiuiiiiiiiiiiiiiiiiiiinnnnnn 7
. 2. Introduction
7. Factors that influence leakage occurrence ........ccocoeveiveieininininenenennnn. 8 Water losses occur in all distribution networks, even new ones. Physical Water Losses
8. Installation status of water distribution facilities ...........cccceeureeurinnnnen 8 sometimes called ‘real losses’ or ‘leakage” includes the total volume of water losses minus
commercial losses.
9. Record of the number of water leaks .......ccccceveieiiiiiiiiiiiiiieieneneanenanes 10
10. Status of laying pipeline ...........ceevueieuereruereeuerenneerneeeenecennesenneennns 1 3. Key words definition
Key word Definition
11. How to detect water leakage .........ccoeeieieinininiiiieiiiniiiiiiineieienninenee 11
Water losses Water that does not generate revenue
Apparent losses Commercial losses
Physical losses (Real Losses) Loss of water through leakages from pipelines
Visible leaks Leaks that can be seen on the surface
Non-visible leaks Leaks that cannot be seen on the ground
DMA District meter area

4. Component of Physical (Real) Losses
The main cause of Real Loss is leakage from pipelines. (Refer to Figure 4-1, Table 4-1)
Many water pipelines are buried, and water leaks will not be visible since they occur below
the ground, so they will continue to flow out unless repaired.
For this reason, they cause secondary disasters such as road collapse due to leakage, flooding
in houses and buildings.

Leakage is classified as Surface leakage and underground leakage below. (Refer to Table-1)

@ Visible leakage (Surface leakage)
(a) Surface leaks are few because they are easy to find and repair.

(b) Surface leakage occurs in area with high water pressure.
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@ Non-visible leakage(Underground leakage)
(a) Subsurface leakage, infiltrates underground so "discovery is difficult". In addition,
leakage continues over a long period of time, so the number of water leak points
increase and leakage volume also increases year after year.

(b) Underground leakage occurs in area with low water pressure.

Surface
s <
{
ﬁJ
[ NRW J
D2 r I . W2
Unbilled Authorized
[ Water Losscs J { Consumption }
|
I 1

V4[ Real Losses J [ Apparent Losses JVS

Figure-1 Component of non-revenue water

Table-1 Component of Physical losses
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2019  February

Table-2 Comparison of Surface leakage and underground leakage

Items

Surface leakage

Underground leakage

Large and small
leakage

Those with large water leakage tend to go to the
surface

Less leakage volume tends to cause
underground leakage.

Geological
relationship

Clay-based, loamy, etc. are easy to go to the
surface.

Sandy, sandy gravel etc. tend to cause
underground leakage

Paving, sewerage
etc.'

Regions of unpopulated pavement are more
likely to leak water to the surface

It is prone to underground leakage.

Influence on
leakage rate

The number of water leaks is large, but because it
is discovered early, the leakage duration per case
is short

Although the number of findings is small,
there is a tendency for water leakage for a
long time, leakage tends to grow, and the
leakage volume varies from a trace amount to
a medium level.

Types of damage

It causes direct damage such as collapse of the
road, sediment discharge, traffic disturbance,
house flooding, suction of wastewater and so on

It causes economically damaging indirectly
such as loss of water quantity, decline of
revenue water, water pressure decrease,
suction of wastewater, wear of facilities and
S0 on.

NRW Cause Countermeasures Examples of countermeasures

Physical Real Losses (V4) a) Detection of water leaking points/ Repair in water
losses (D2) distribution pipe / water supply pipe network

b) Overflow prevention of distributing reservoir,
others

R-1#5-5

5. Some Sources of Physical Water Losses

@ Leakages in valves
@ Leakage on the pumping main

@ Overflows at the collection and treatment tank

@ Back flow of pumped water that has remained in the transmission main

@ Bursts on distribution mains

@ Leakages on service lines

@ Leakages on transmission and distribution pipes

@ Faulty ball valve

@ Leakages at the joints
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6. Some Causes of Physical Water Loses

# Malfunction of the ball valves 7. Factors that influence leakage occurrence
@ Heavy traffic (1) Causes of leaks
@ Poor quality of pipes Main causes of water leakage from distribution facilities are shown below
@ Lack of technical support Table-3 Factors of leakage occurrence
@ Pipe diameter small compared to the pump capacity hence causing burst Internal causes External causes
@ Leakage at customer point 1) Due to tube / material 5) Due to the buried environment
@ Back washing of filters (D Materials and structures of pipes, fittings and @ Increase traffic load
accessories are incomplete from the time of @ Movement of the ground
construction ® Rupture due to high water pressure inside the
@ Strength deterioration due to corrosion pipe
® Aging of materials @ Difference between design and actual condition

® Excessive external stress
2) Due to design / construction technology . L . . o
® Soil contamination by industrial waste liquid etc.

@ Incorrect design
5) Other work or cause attributable to disaster
@ Joining problem such as joint part
@D External damage caused by corporate
® Inappropriate backfilling
construction
@ Contact with other structures (insufficient
@ Changes in buried environment caused by other
protection)
construction works
® Corrosion method is inadequate
@ Changes in the ground and road caused by
® Potential corrosion by dissimilar metals
disasters such as earthquakes

3) Due to internal factors 6) Other
D Water pressure, water quality, water temperature @ Several causes overlap
(internal corrosion)

@ Water hammer

Source: Yokosuka city water and sewerage authority

8. Installation status of water distribution facilities
The installation condition of the current distribution facility is shown below.

Table-4 Example of Installation statuses of water distribution facilities

Description Japan Kenya (Typical WSP)
History Completion of water A British engineer completed
supply facilities in Yokohama City in 1886
Initiation of water Water leakage occurred in
leakage survey 1890 due to immature
construction technology
Establishment of guidelines Goals of MHW (Revenue Strategic Plan 2013-2015
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Water rate 90% in Sep. 1976 (NRW30%)

Example for Inauguration of water Since Oct. 1965 (completion

of WTP in 1908

9. Record of the number of water leaks

Yokosuka city | leakage prevention staff As a method to realize the actual condition of water leakage, below is a table showing the number

water  supply | Creating a target Revenue Water rate 90% in of water leaks repaired.

and sewerage | achievement plan 1988 Table-5 Example of Record of number of water leak repaired

office Current situation (%) 84% in 1978

Distributing pipe (Cause of leakage) | Water supply pipe (Cause of leakage)

Cause Material of pipe

2013 2014 2015 2016 2013 2014 | 2015 2016

Study of individual Since 1977

S . Cast iron pipe
Listening stick PP

. . (mm)
Study of Meter Investigated in 1980 (13~
Vinyl pipe(mm
Insensitivity 100mm) 2.2 % y1 pipe(mm)
Aged Galvanized steel
Amount of water supply | 24 hr. water supply Temporal water supply
: e . pipe pipe(mm)
Quality of water Satisfying (Meet STD) Satisfied (but not meet STD)
— - Steel pipe(mm)
Facility Mapping and/or GIS Developed Almost un-developed
. - Lead pipe(mm)
maintenance Remote monitor system | Developed Under developed
Total
situation Pressure reducing valves | 100 % Installed Partially installed
Fittings
Customer meters 100 % Installed Partially installed £
Bolts
Bulk meters 100 % Installed Partially installed Corrosion
— Snap taps
Control valves 100 % Installed Partially installed
Vinyl pipe fittings
Total
: Vinyl pipe fittings
Water leakage rate in the world
DCI pipe
Tokyo I 5% Joining
Berlin N 5.0% problem Sockets
Los Angeles NN 9.0% Lead pipe

Moscow — 9.9% Other
Madrid NG 10.5%
Korea I 1 7.0%

Sao Paulo I 20.0%
Cairo I 20.0%
Turin | 25.0% Gland

Istanbul I 25 2% packings
Hong Kong I, 26.0%
London [ 2C. 5% Total
Bangkok NN :3.0%

Total

Gate valves

Air valves

Snap taps

Water shutoff valves

Ductile cast iron

Mexico I =5.0% Dynamic load :

! y ’ ! ! : pipe

o.0% 0% 10.0% 15.0% 20.0% m0% W0.0% TN a0.0% pressure/ ;
i Steel pipe

Source: TW "Water Security Study Group" Final Report July 2008 vibration/
) ) Vinyl pipe
Figure-2 Non-revenue rate in each country Corrosive soil Asbestos pipe
Other
Total
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Left piping Disposal piping
abandoned Total
Water Crack of Pipe
pressure Detachable
Total
G. Total

10. Status of laying pipeline

Pipelines are generally buried, below the ground level and usually along the road networks but
sometimes they are buried in places other than road side (forests, upland fields, etc.) due to
prevailing circumstances during laying. These pipelines are subject to the influence of soil
erosion, subsidence of ground, corrosion, traffic loading, construction, etc.

In addition to deterioration of the material of the pipe itself due to aging, and are constantly

exposed to the risk of water leakage.

Table-6 Breakdown of pipeline

Raw water pipe

Transmission pipe

Fipeline
Distribution pipe

Water service pipe

11. How to detect water leakage

(1) Leakage detection / notification method ;

There are three ways to know leakage from pipeline.
@ Report leaked water on the ground by residents and passing by
@ Reporting by public works such as electricity, telephone, sewage

@ Proactive water-leakage investigation by water utilities / notification by line patrol

(2) Visual detection of signs of underground water leakage

(€)

(DThe ground is wet even though it is no rain.

(@Road surface / Building is collapses / cracked.

(®Strange smell Presence of objectionable odor and dirt in tap water.

@ The meter is running even though it is not using water (leakage at home)

(® The garden is always wet (in-house leakage)

Detection by public construction

(D Water came out after excavation
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@ Water is falling down the river from the vicinity of the bridge
(3 Water is present in manholes

@ Clean water flows in the sewer pipe

(® Water springs from the cliff

(© Spring water comes out from the bottom of the river

(4) Detection by regular survey by WSP staff
(D Survey result of Water balance to be implemented periodically;
Survey and analyze the actual condition of Water balance by DMA on a regular basis

(every week / month / year) and grasp the amount of non-revenue water

(@ Survey result of regularly investigate remaining water leakage / restoration water volume.
(a) What is selected measurement survey?
In this method, after conducting the preliminary water leakage survey, the leakage
section / pipe / leak point in the DMA is specified.
(b) What is a patrol measurement?
In this method, without conducting the water leakage survey in advance, the water
leakage survey of DMA is determined from the circulation years and leakage

accident information, and the leakage section / pipe / leakage point is specified.

(® Confirmation of abnormal usage amount at the time of meter reading (suspected leakage
in residential area);
(a) Compare the previous and current meter reading values at the worksite / office and

check the cause of the abnormal value

(@ Monitoring results of water pressure / flow rate variation in a water distribution pipe
system
(a) On-site automatic monitoring device monitors abnormal values of water pressure /

water distribution. (Refer to Figure -3)

. Communication system
Automatic field =

monitoring
module =g |
=
Flowmeter & b === [offices @
Pressure Gauge ]L’*g!_,__- rass) PCs [
WSP’s Server

Figure -3 Conceptual diagram of monitoring system
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(® Concentration survey result of frequent occurrence points of leakage accident
(a) From the record of water leakage accident, predict the number of repairs, the
leakage scale cause pipe type, occurrence place, deterioration situation of pipeline in

cloth pipe area.

NOTE:
More detail is shown in THE TEXTBOOK of DISTRIBUTION PIPELINE, (5-3-2

Improve monitoring system in water distribution network).

-END-
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1. Objectives (out-put)

(D Understand what is Leak prevention work

@ Understand Main basic countermeasure work against leakage

® Understand Concept of Leakage Recurrence

@ Understand Concept of compositional unit of total water leakage

® Understand Concept of Record sheet of leakage survey

. Introduction

Water leaks can be either surface or underground. When water leaks to the surface, it can be
repaired quickly. On the other hand, if it does not appear on the surface, it will continue to
leak for a long time.

Most leakage losses by volume over the course of the year occur on customer service
connection piping — not water mains

Policies that place the burden on customers to repair leaks on their service connections are
often inefficient

New policies/programs to address service line leakage are needed to economically reduce

this leakage

3. Key words definition

Surface Leakage Visible Leakage

Underground Leakage Non-Visible Leakage

Leakage Recurrence Amount of leakage which increased with time from

remaining leakage

Remaining leakage Amount of the minimum leakage amount, immediately after

the measure against leakage

Total water leakage Restored amount + Remaining leakage =Preventable
leakage by technology + unable to prevent leakage + Ture

water leakage= Allowable water leakage +

Allowable leakage Quantity which admits the amount of leakage of water

Electrolytic corrosion Is an accelerated corrosion when a metal is in contact with

another in presence of electric current

Peatlands Accumulation of partially decayed vegetation or organic

matter unique to natural areas
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4. Objectives of Basic concept of leakage prevention work
To understand the need;-

(1) To Increase efficiency in O&M of our water schemes

(2) To Increase knowledge of our networks (via Mapping and /or GIS systems, computer
modelling) and consumption patterns (via metering)

(3) For Value for money by deferring capital expenditure on new water supply schemes
through improved supply and reduced consumption

(4) For Environmental protection by deferring new water sources

(5) To Improve supply service to our consumers

(6) For PR of the need for water conservation.

5. Leak prevention works
5-1. Guidelines for leak prevention
In formulating the water leak prevention plan, it is necessary to consider economic
efficiency considering the water demand plan of each city, the actual condition of water
resources, facility size, etc.
If i water leaks to the surface it can be repaired quickly. On the other hand, if it does not
appear on the surface, it will continue to leak for a long time.

Leakage countermeasures work is divided into three categories. (Refer to Table 1)

Table 1: Water leak prevention measures

Classification Items Policies

+ Preparation for water leakage + Securing financial resources and organization
) prevention work * Preparation of documents (piping diagram, DMA drawing)

) + Setting of DMA, maintenance of measuring equipment
Implementation ) o
. + Analysis of water distribution and leakage volume and water

of Collection / o o

+ Investigation of actual situation pressure measurement

analysis of
+ Analysis of leakage cause and preservation of data of record

basic
. . . « Maintenance of tube materials of pipes and water pipes, recording
information * Research and improvement of o )
o . of joint materials
piping materials, and development ) )
+ Function check of accessory equipment
&) *+ Mobility work + Immediate repair of ground leakage
Implementation

of Survey of - Panning work + Early detection and repair of underground leakage
leakage volume
® + Plan for water supply project * Preparation of a plan formulating leakage prevention

Implementation * Design and construction of water =+ Examination of earthquake resistance, durability, corrosion
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of Preventive  supply facility resistance, water tightness

measures + Replacement of water distribution pipe and water supply pipe
* Replacement of aged pipe
(including change of pipe type)
( replacement of leaky water pipe)

+ Improvement of the structure of =+ Consolidation of road transverse pipes
water supply equipment + Install customer meter near public and private sector boundary
+ Corrosion prevention, leakage prevention and reinforcement of

* Protection of collapse of pipeline
bent pipe section

* Treatment of remaining pipe + Improvement of construction inspection of pipe branch points
(owner unknown pipe) + Strengthen management of water supply equipment
« Patrol of pipeline + Guidance and supervision at other company construction sites

) + Installation of a distribution line for each distribution system and
+ Adjust water pressure ) ) )
installation of a pressure reducing valve

-Source: Yokosuka City Waterworks and sewerage bureau

6. Outline of leak prevention work
6-1. Implementation of Collection / analysis of basic information
The main basic countermeasure work is collection of information necessary for action
against leakage and analysis of the result.
(1) Creating pipeline drawings
(a) Creating pipeline
(b) Mapping - Creating a GIS diagram
(2) Implementation of water distribution analysis, others
(a) DMA conversion
(b) Installation of bulk meter and customer meter

(c) Analysis of leak occurrence records, others

6-2. Implementation of Survey of leak volume
Investigation of leaks (surface and underground) from buried pipeline, and survey of
water leakage and implementation of early repair work.
(1) Method of leakage survey work
@ Mobility investigation work
(a) Repair ground leakage discovered by notification from the citizen and
patrolling.

(b) Correspond in principle on the same day repair.

€ Planning survey work
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The method for investigating water leakage can be divided into two.
(a) Selection measurement work
(Determine leakage abundance in the survey area beforehand and
conduct detailed leakage survey)
(b) Cyclic measurement work
(Do not measure the leakage abundance of the survey section

beforehand and conduct the leakage investigation directly in order)
(2) Study on leakage survey

The leakage survey methods and frequency are discussed below.

@ Survey of restored water volume
Regardless of once repairing water leakage, new leakage occurs as
time passes (called restoration of leakage), so regularly investigate this

restoration leakage. (Refer to Figure 1)
-".Control index of recovery volume (m?/ day-/ km / year)
"Overall investigation period" and "priority of repair / update plan" are

judged comprehensively from the increase situation of restoration amount

of each DMA.

Prevented i
amount Prevented <
Water Restored ot Amount
loakage amount being
(my'd) Teteed
'
R
2 "
leakage leakage
| T
s - Period (Year)
'y 7 Y A
At the end of At the end of Present time
the last work previous work
— =

Number of years of cycle Number of years in Progress

Source: (Water leakage survey for practitioners: From planning to implementation 1995, JPRC
Figure 1 Concept of Leakage Recurrence
@ Selection of an investigation area
(a) When doing leakage-of-water prevention work, it is necessary to
select the area which should be investigated first in the order of

priority.
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(b) In selection of an investigation area, you have to take into
consideration the number of the past leaks repaired in the area, the
age of the pipeline, the depth of the water table, the status of
preparation of a sewer, etc.

The selection of an investigation area must take into consideration
the number of leaks in the past.

@ The history of leak occurrence according to area

@ Composition of a pipeline

@ Environment etc.

® Evaluation of effectiveness and economy
The economics of leakage prevention needs to be evaluated from the
following.
@ Frequency of investigation
@ Amount of work involved te—eenduet in conducting the

survey

In considering the evaluation, the conditions of water demand, the
difficulty of developing water resources, the content of effective rate, etc.
should also be taken into consideration, and considering various
obstacles caused by water leakage, the leakage prevention work cost is
calculated from an economic point of view. It can be said that even if it

becomes higher than the value, it is unavoidable.

(a) Estimation of circulation frequency (e.g. 2 to 5 years / times)

The relationship between the frequency of investigation
(circulation years) and expenses is as follows.

e generally, as the number of years of the circulation survey
becomes longer, the investigation working distance (km) per
year becomes shorter and the expenses decrease, but the leakage
volume may increase.

e conversely, when the circulation period of the survey becomes
shorter, expenses increase, but leakage volume decreases.

o the evaluation is a condition that the sum of leakage prevention
work cost (Xn) and leakage loss cost (Qn) becomes the
minimum value.

S Xn=AxLm....... (Formula-1)
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A=A+ A% (Formula-2)
A’=n X a.... (Formula-3)
Herein;

Xn: Amount of money that can be prevented from leakage during
n-year circulations (Ksh / year)
A: Water leakage prevention cost per pipe line 1km (Ksh /
km)

Al: Out of A, regardless of water leakage cost (Ksh / km)

A2: Out of A, expenses required for repairing water leakage
points (Ksh / km)

A: Cost of repairing leak points when circulating all work in
one year.(Ksh / km)

N: Year of circulation (year):

n: Total distance of water distribution pipe line subjects to

leakage prevention work (km)

(b) Allowable leakage volume
Actually reducing the water leakage amount to zero requires a heavy
cost and labour (work volume / expenses increase) and it is
uneconomical.
Therefore, in order to avoid this inefficiency, it is necessary to
determine the numerical value of the allowable water leakage
considering the current status of NRW% achievement and the budget.

(Refer to Figure 2)

@ What is remaining leakage?

Basic concept of leakage prevention work 2018 Aug.

@ What is preventable leakage?

It is the amount of water leakage that can be prevented by survey

technology.

@ What is the allowable leakage?

The permissible amount of water leakage should be prevented
to "zero leakage" as much as possible, but it is regarded as
leakage which cannot be prevented by many causes. (Including,
cost effectiveness, limit of exploration technology, target

permissible water leak rate, etc.)

@ What is true water leakage?

The amount of water leakage (about 2 to 4%) which can not be
prevented by any leakage prevention measure. (Eg, it is difficult
to detect water leakage due to evaporation, a slight leakage at

pipeline joints, soil adsorption, etc.)

@ Setting allowable water leakage

The set value of the allowable water leakage is influenced by the
target value of leakage reduction. In other words, if you do,
lowering the allowable leakage volume will improve the leakage

rate early, but the leakage improvement cost will be higher.

Examples of set target values;
* 30 m*/ day / km or less
* About 80% of ineffective water quantity
* 0.5~1.2m?/hr./Km

The remaining leakage amount is the "minimum leakage amount"
immediately after countermeasures against leakage.
However, since this amount of restoration is added with the lapse
of time, the total amount of water leakage increases.
Therefore,

Total leakage amount = Restored amount + Remaining

leakage= O+@+®
Restored amount (A) = Preventable leakage amount

Allowable leakage= @+ (3 =Remaining leakage

R-2#6 -9

,W?ter Water leakage before prevention o
Reduction amount (70 to 80% of vial
11 1! Preventable
actuat loss amount) leakage volume by
. s survey technology
Leakage after prevention y SR A
Leakage volume which can not be 2 Unable to prevent water for
prevented varions reasons
Water 3 True water leakage Allowable leakage=Remaining leakage
leakage= 0

Source: Yokosuka city waterworks & sewerage bureau

Figure 2 Concept of total water leakage

R-2#6 -10



Basic concept of leakage prevention work 2018 Aug. Basic concept of leakage prevention work 2018 Aug.

(c ) Other Table 2: Cases of occurrence of ground leakage
- Economic effect = [Prevented amount x Water supply cost] - Total @ Leakage point of water @ Leakage point of water supply pipe
Expenses required for prevention distribution valves Small leakage Large leakage

- Leakage prevention unit price = Total expenses +Prevented amount Water control valves / valves Stopcocks / water taps Branch part from the water

distribution pipe

6-3. Implementation of Preventive measures

- Fire hydrants, Air valves, Pressure | Meter installation locations Insufficient material strength of the
Based on the results of leakage survey, repair and update facilities, reduce leakage reducing valve Joint to water supply pipes / Joint water supply pipe, poor
rate. The main outlines of the study are as follows. - Water pipe parts construction part

@ Create aplan
e Draw up an effective facility improvement plans
o Up grading of equipment in piping network of water supply equipment
o Strengthening O/M organization and monitoring system of distribution

network

(@ Implementation of repair / renewal of distribution facilities

® Repair of water supply equipment and measures
e Replacing the installation of the water supply pipe ... From the branch 8. Capture the actual condition of leakage and keep records

point to the meter, partial repair leaves the factor of recurrence. 8-1. Capture the actual condition

® Removal of public water stop cock In order to prevent water leakage, it is necessary to first analyze the results of leaks occurred

® Disposal of remaining pipes in the past, to analyze the actual condition of leakage and causes, and to better understand the

® Optimization of burial depth leakage phenomenon

o Consideration of used piping type

o Construction management of backfill soil 8-2. Utilization of records

® Collection of pipeline information The record of leakage survey is important for future planning of piping network update plan

and piping network management by GIS, so it is important to capture and keep records

® Structural improvement of water supply equipment
o Integration of multilayer pipes 8-2-1. Example of recording form

© Elimination of road crossing pipe (1) Water leakage occurrence record by facility

© Examination of material used. Pipe caliber used We organize the number of water leaks and the amount of water leakage every place

® Review of meter installation, etc. where leakage occurred (by district, by leakage survey block by block, address, survey
execution time, facility part, caliber, etc.).

7. Case study of leak occurrence (surface leakage) (Refer to Table 3)

An example of a typical site of water leakage is shown below. (Refer to Table 2) The amount of water leakage is an estimation from leak points, leakage noise, wet

Incidentally, the number of small water leakage from the water supply pipe is large, and when left condition in the ground, etc. at the times of checking leakage.

for a long time the leakage volume increases.
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Table 3: Record table of leakage occurrence by facility (for each month / year)

Basic concept of leakage prevention work

Table 4: Record Table of Leakage Repair

2018 Aug.

Distribution main pipe

‘Water supply equipment

Name of facility

Number of

water leaks

Water leakage
(m3)

Name of facility

Number of

water leaks

Water leakage
(m3)

Cause

Material of pipe

Distributing pipe

Water supply pipe

Number of]|

‘water

leaks Cost

Leakage (m )

Photo

Number of]

water

leaks Cost

Leakage (m )

Photo

1. Top of Pipe

1. Top of Pipe

2. Fittings

2. Fittings

3. G. packing of

valve

3. Water faucets

4. Fire hydrants

4. Stop valves

(union)

5. Gate valves

5. Water faucets

(union)

Aged

pipe

Cast iron pipe

(mm)

Vinyl pipe(mm)

Galvanized steel

pipe(mm)

Steel pipe(mm)

Lead pipe(mm)

Total

6. Air valves

6. Stop valve (G.

packing)
7. Drain 7. stop cock
8. Other 8. Meter (Union)

Distribution branch

9 Parts (elbow)

Corrosion

Fittings

Bolts

Snap taps

Vinyl pipe fittings

Total

1. Top of Pipe 10. Parts
(cheese)

2. Fittings 11. Parts

3. G. packing of 12.Water Meter

valve

4. Fire hydrants

13. Parts (Saddle

5. Gate valves

14. Parts

Joining

problem

Vinyl pipe fittings

Ductile cast

iron pipe

Sockets

Lead pipe

Other

Total

(socket)
6. Air valves 15. Ball taps
7. Drain 16. Other
8. Other

:

(2) Record of leakage survey

There is a record of the repair situation as a method to know the actual condition of

water leakage. (Refer to Table 4)
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Gland

packings

Gate valves

Air valves

Snap taps

Water shutoff

valves

Total

Dynamic load
pressure/
vibration/

Corrosive soil

Other

Ductile cast iron

pipe

Steel pipe

Vinyl pipe

Asbestos pipe

Total
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Left piping Disposal piping

abandoned Total

Water Crack of Pipe

pressure Detachable

Total

Corrosive soil

(pH)

Installation Groundwater

environment quality
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2018 Aug.

This item is a survey on the actual situation of "water supply service degradation due to

pipe hydraulic conditions". (Refer to Table 6)

Rust bumps etc. occur on the inner surface of the pipe of the aged pipe, and the friction

resistance of the pipe line increases or decreases, and there is a situation where it is

impossible to supply sufficient water pressure and water supply amount.

In addition, examples of changes in aging number and flow rate coefficient of the cast

iron pipe are shown below. (Refer to Figure 4)

Table 6: Survey items on occurrence of inner surface (corrosion bumps)

High groundwater

level

Total

G. Total

Table 5: Record Table of Investigation of laying condition

Investigation of laying

condition

Distributing pipe

Water supply pipe

No. Survey item Contents

1 No lining pipe (inner surface) Location/diameter/ caliber/ Number of years passed
2 Non-corrosive protective pipe (inner surface) Location/diameter/ caliber/ Number of years passed
3 Investigation of flow velocity (m/ s) Distributing pipe/ Water supply pipe

4 Survey of flow rate (m?/ d) Distributing pipe/ Water supply pipe/ Water taps

5 Survey of water pressure (kg/cm %) Distributing pipe/ Water supply pipe/ Water taps

6 Frequency of maintenance Drain frequency/Drain pipe diameter / internal repair
7 Survey of water quality (unusual taste/red Distributing pipe/ Water supply pipe/ Water taps

water/ Residual chlorine/others)

Number
of water

leaks Cost
Leakage
(m?*)

Photo

Number | leaks
of water | Leakage

(m?)

Cost

Photo

Distribution of corrosive
buried environment

Painting condition of buried
pipeline

Corrosion situation of
pipeline

Distribution of water leakage
accident

8-3. Preparation of management indicators by leakage area
For data effective for leakage prevention work, it is desirable to set / record-management

indicators and to be reflected in the project management plan. Examples of management

indicators are shown below.

(a) Leakage per 1 km of distribution branch (m* / day / km) by region or by section

(b) Number of water leakage repairs (cases / km)

(c) Other indicators

8-4. Investigation of occurrence of rust corrosion on the outer surface of the metal pipe and

corrosion of the inner surface

(a) Inner surface

R-2#6-15

Source; Japan Water works Association H17, Guidelines for updating water supply facilities

N =
120 |4 — 120
|
110 110
100 e 100
90 #0
Flow
factor (C)
a0 80
K
0 = 70
4
60 |—1 50
] [ TN
0 10 ] 30 a0 50

————————= Rumning water (ycars)

Source : Japan Water works Association H17,

Guidelines for updating water supply facilities

Figure 4: Corrosion of the inner surface
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(b) Outer surface (laying conditions)

This item is a survey on the actual condition of "deterioration of pipeline due to

pipeline installation conditions". (Refer to Table 8)

Table 8: Survey items on occurrence of Outer surface

No. Survey item Contents

1 Distribution of corrosive buried environment | Place/cause of corrosive environment

2 Painting condition of buried pipeline Material/caliber/number of years passed, total length (km)

3 Corrosion situation of pipeline Corrosion condition of pipeline/ rust condition of bolt/pipe
thickness

4 Distribution of water leakage accident Location/caliber/corrosion status of leak pipe/leakage area/

water pressure

Source; Japan Water works Association H17, Guidelines for updating water supply facilities

(c) Cause of metal buried pipe corrosion

When a metal pipe which is not properly protected performing against outer

surface corrosion protection is laid under corrosive soil conditions, corrosion

proceeds quickly and the strength of the pipe is remarkably lowered, which causes

water leakage.

The laying conditions under which corrosion easily occurs are shown below.

(Refer to Figure 5)

+ Where electrolytic corrosion

occurs

* The pipeline is dirty (mud may cause pipes to corrode)

+ Place where liquid acidic fac

tory waste penetrates underground

+ Places where corrosion progresses under the ground water table

+ Places containing salt in the groundwater

+ Acid soil (pH 4 or less),

+ Even in the alkaline range of pH 8.5 or higher, (so-called natural alkaline soil)

may be susceptible to corrosion

+ Peatlands and waste landfill areas

10
9
- - —.
B =4 Comosive
7 soil i
Cormr-
otion 8
depth §
(mm) 4 //'
g General soil
0 0 40 G0 a0

Year of burial (years)
Source: Guidelines for updating water supply facilities 2005,JWWA
Figure 5: Corrosion degree of ductile iron pipe
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Electrolytic Corrosion of mild steel pipe
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1. Objectives

@D Understand why reduce leakage?

@ Understand concept of how to identify leak location

(3 Understand type of noise

@ Understand type of leakage detectors

(® Understand general purpose of Preliminary survey

©® Understand general purpose of flowrate survey of MNF

@ Understand measuring method of the amount of leakage

Understand concept of relationship between leakage and pressure

2 Introduction
2-1. What is leakage?

Leakage occurs when the water your system produces leaves the system before it reaches your

customers. In the rule, the term “leakage” includes:

®  Physical or “real losses” such as water lost from main breaks and tank overflows.

® Inaccurate meters, accounting errors and theft. Many people call these losses, “apparent

losses.”

(] All unauthorized uses and any water you cannot account for.

The rule does not classify any water that enters the distribution system as “unaccounted for.”
Although many people use that term, there is no standard definition for it. The rule considers all

water “accounted for,” either as authorized consumption or as distribution system leakage.

2-2. Why reduce leakage?

Reducing leaks has many benefits for water systems and customers including greater reliability

through an efficient water system, reduced costs for pumping, treating, and transporting water,

and preserving water supplies for future use.

3. Key words definition

Leakage

Water finding way out of the pipe, going to waste

Isolation valves

Valves used to cut-off flow to section of the network

DMA

District metered area

Total Leakage Volume

Restored leakage + Allowable leakage

Restored leakage Volume

(Remaining Leakage)

Total leakage + Allowable leakage

Pseudo leakage sound

Noise or simulated noise similar to leaky sound
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4. Procedure of the NRW reduction measures
4-1 Outline
The foundation of the plan is to discover leakage of "water distribution network" at an early
stage.
Meanwhile, it is important to implement repair work as soon as possible and to prevent water

leakage beforehand.

Improvement measures of many waterworks facilities are planned to replace the old water
distribution pipes and water supply pipes that leakage frequently occurs with new pipe, and by
replacing the failure meter and improving the meter dissemination rate, it is possible to reduce

the non-revenue water. It is expected to increase the effect of countermeasures.

(1) Examination method of a leakage
The leakage survey is carried out by combining the following measuring methods, in
advance, by selecting the route requiring the leakage investigation based on the maintenance

status of the pipeline within the DMA, the number of leaks occurred in the past, and so on.

O Method of identifying water leakage location by leakage sound (listening stick,
correlation method, time integral type leakage detector, etc.)

@ Method of measuring leakage volume (Night minimum flow rate measurement
method, others)

® Other

(2) Concept of leakage
Measurement of "leakage" in general means the measurement of the total water leakage.
"Recovery water leakage amount" is obtained from the following calculation formula.

The definition of total water leakage is shown below.

.". Total leakage volume = (Restored leakage) + (Allowable leakage)
.".Restored leakage volume (Remaining leakage)

= (Total leakage) — (Acceptable leakage)

(3) Main effective basic policy of leakage preventive measures
Leakage survey is the collection of basic information indispensable for formulation of
NRW reduction plan.
Activities to prevent water leakage means to continually investigate changes in the piping

facility situation and to permanently take measures against water leakage at the facility.
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The main activities are shown below.
D Detection of leak points early
(@ Measuring water leakage
(® Improvement of old pipeline quickly and systematically
@ Simplification of multiple small pipes, others

(4) Precondition of leakage examination
(D Up grading of piping network diagram
The prerequisite for conducting leakage survey systematically is preparatory work,
and it is essential to improve the pipeline network drawing of all water supply
districts.
Also, if the piping network diagram of all water supply districts is undeveloped
(under construction), DMA is decided for each water distribution system, and it is
created sequentially.
(@ Installation of isolation valves for DMA
In order to accurately ascertain the water leakage, it is essential to install a valve to
limit the amount of water to be distributed to the surveyed DMA and the amount of
water used.
(® Installation of measuring instrument (bulk meter)
It is necessary to install bulk / meter to measure total anhydrous amount in DMA
main line water pipe.
@ Installation of customer meter
In order to analyze water distribution, it is necessary to install customer meters
(® Install water level in the water reservoir
In order to analyze the water distribution from the measurement of the water
distribution and the summation of the customer meter, a water level measuring

device of the distribution pond is necessary.

4-2 Outline of an investigation procedure

Procedure for planned leakage prevention investigation is as follows. (Refer to Figure 1)
(1) Observation survey (preliminary survey)

Purpose

It is a work to investigate leakage point of " distributing pipe / water supply pipe" from

survey of each door to door in the water supply district in advance.

Outline of work

@ Survey of door to door is a process of bringing with Listening stick (Fig. 15) / time
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integral type leakage detector into contact with all customer meters and full stop
cocks in the survey district and checking the leakage of "distribution pipe / water
supply pipe”.

@ In the night-time when the traffic low, identify the location of leakage on the road
surface with the digital leak detector.

@ Selection of the DMA, consideration of past leakage occurrence situation and the
aging pipes.

@ In places suspected of leakage from survey work, specify the position with paint.

(2) Leakage measurement work (full-scale survey)
Purpose
The leakage measurement work is a work to grasp the amount of the NRW of the small
piping in stages from the trunk water distribution pipe in the DMA and to specify the
water leakage location with reference to the results of the previous survey.
Outline of work
(D Measurement is carried out in order to accurately grasp the amount of leakage of
each DMA. (For example, conduct with Night minimum flow rate measurement)
(@ The number of faucets to be investigated is limited to 300 plugs to 400 plugs or less.
(® Prediction of water leakage in all water supply districts is estimated from leakage
amount of each DMA.
@ Survey of leakage volume of each DMA will be used for consideration with

priorities of effective detailed investigation.

(3) Confirmation of water leakage location
Purpose
This leakage confirmation work is a work at the final stage of the water leakage
investigation to determine the water leakage point at the position of the abnormal
sound found by sound detection.
Outline of work
(D Investigate the position of the detected abnormal sound again and judge the
presence or absence of leakage.
@ Ifitis confirmed as a water leakage point, further work out the central point.
@ To determine the position of the water leakage sound hole, drill a hole in the road

surface, insert a sound hearing bar, and check the leakage

(4) Improvement of old pipe
Purpose
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In order to provide water services trusted by citizens, improvement of leakage pipe /
deteriorating pipe is important for securing reliable water supply system on a
continuous basis.

It is important to prioritize this countermeasures priority, according to priority on

damaged pipelines with high risk of water leakage, as soon as possible.

Concept of Improvement

Depending on the current situation of leakage / aging, the following methods are
considered as improvement methods.

@ Renewal

(@ Rehabilitation

@) Partial repair

(@ Change of pipe route

(5) Points to be aware of when selecting piping improvement method
(D Confirmation of the cause of the functionally damaged pipeline (pipe type,
years of use, frequent occurrence of accidents, etc.)
@ Confirmation of the scale of leakage pipeline
(® Confirmation of the work environment at the site (difficult to improve)

(@ Securing construction costs, others

A3 Preliminary survey ) Full seale lmvestigation €3 Formulation of prevention

Undersianding actual brakage
el e

oottt e of parvey mes

1o pl o et i of st el kg e ol
sy )

TPrparstion @ Bplemastation of bk

T dlation of st Facilny
Freparsiiom of piging pewek

Taning. sthers

Cenirm e parvay condssted

]

(@ Implementation of
EEvaivacion wm“ R s

Exasinaion of effects

weses leabs oot

Figure 1: Outline of procedure for examining non-revenue water reduction

R-2#7-9

Water leakage survey methods 2018 Aug.

4-3 Approach of leakage investigation

(1) Approach to narrow down a water-leakage area

A survey method for narrowing the leakage location in stages from a wide water supply

district will be shown below. (Refer to Figure 2 & Table-1 to 2)
(A)"Surface detection"; (by Circuit investigation “preliminary survey”)
l This is a survey that specifies the leakage volume generated in DMA as

"rough".

(B) "Line detection": (leakage measurement work: full-scale survey)

1 This is a survey to identify the location of the leak pipe route in the DMA rail.

(C) "Point detection"; (Confirmation work on leakage points)

It is a survey to confirm the leakage location of the specified leakage pipe

Table 1: Concept of water leakage survey

Classification Items to investigate Equipment used

(A) Calculation on medium blocks (leakage volume / NRW rate | Flow meter at distribution pond
Surface (Electromagnetic flowmeter, etc.)
detection Calculation on small blocks (leakage rate / NRW rate) Portable flowmeter (Ultrasonic)
(B) Survey of acoustic noise of stop-cock /Valve (identification | Water leak detector

Line detection

of leakage location)

Leak pressure level detector (Identification of leak | Correlation noise leak detector

location)

(©)
Point

detection

Correlation survey (confirmation of leakage point)

Survey of water leakage sound on pipeline (Confirmation of water leakage point)

Acoustic survey of stop-cock (confirmation of water leakage point)

Medium-size block

(C) Points detection

(B) Line dr_'1|:ct|nn Small-size block

(A) Surfme detection (in #9 D’H)\}

(in #9 DMA)
3 7
: -
4
@ Locations of fire hydrant /valve Gate
DMA 1-9 valve where abnormality was found Valve

Points of leakage
(Water supply Area) . ) .4 8
N O Locations of fire hydrant /valve

without abnormality

= Pipe-lines that needs investigation

Figure 2: Concept of how to identify leak location
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Table 2: Example of results by observation survey (Preliminary Survey) increase leak noise usually when the water pressure is high.
Distance of survey conducted (km) Number of discoveries(Cases) © Water leakage noise in a low water pressure network (about 0.05 MPa: water column
Survey method Distance of 5 mor less) is "low", so leakage detection may be difficult.
Year Distance of flow In public Before the In the meter Total
acoustic After meter
investigation road meter box
detection 5-3. Pseudo leakage sound
Surface leakage 438 631 163 1,159 2391 Noise or simulated noise (pseudo leakage sound) similar to leaky sound is often a problem
1994 Discovered by survey 543 12.84 140 261 357 24 782 in detection of hearing performed at midnight.
Total s 1284 578 02 520 1183 117 Also, there is a case that the pseudo leakage sound is distressed by correlation leakage
Surface leakage 396 740 102 1,142 2,380 survey.
1995 | Discovered by survey 639 513 202 381 . 2 8 In order to improve the accuracy of leakage survey, it is necessary to grasp the
characteristics of the simulated sound beforehand.
Total 639 15.13 598 1121 320 1,169 3,208

(1) Cause of pseudo noise

Source : Yokosuka City waterworks and sewerage bureau, Water leakage prevention
Running water sound in the water pipe

5. Specificity of leakage sound User tone of water supply

5-1. Generation of leak noise Circuit sound such as power cable
Detection of water leak sound will be judged from direct sound listening or amplified Vibration noise of power transformer
vibration sound or vibration wavelength. Motor vibration sound of vending machine / air conditioning equipment

It is said that the main sources of leak noise or vibration sound are as follows. Sewage flowing water sound

@ Fricative sound when water spouts from the leak hole to the outside of the pipe Water drop sound falling into the manholes

@ Tmpact sound that the jetted water collides with the surroundings Vehicle vibration noise, wind noise

@ Frictional sound or turbulent sound flowing in the pipe Noise of work

®©®Oeee o6

@ Synthesized sound / vibration waveform Urban noise, others

5-2. Characteristic Spoutingup § @O @ Under blow

=

{ Surface water leak )

(@ Leakage sound depends on the state of its generation point (depth of leakage point, —8 Paved ,;‘ =
direction of leakage point, leak hole, damage shape, water pressure, tube material, Spigot joint ﬁ % Aslice/ Toss ! -
valve opening, wat?r pressure, surrounding pipeline state, etc.) It is different.(Refer to pinhole @ . e ébllipndn by loaknis frosiuid
Table 3 to 4 and Figure 3 to 4) B
e D 3 TOM
@ "Level" of leakage sound is influenced by pipe type, flow speed in pipe, leak Large hole %

hole-diameter, etc. There is a limit in leak detection ability depending on the type of ) =& J
detector. X;;animml Cﬂ\}—. f‘Ef:g ———"—— Flow through Situation of corroded holes
- . . - . (Cavitation) the branch Example of a ground leakage
@ Leakage sound varies depending on the propagation path (soil, concrete, pipe
material etc.) and propagation distance.

@ The leakage sound attenuates as it propagates from the generation point. Source: Yokosuka City WWSB, Water leakage prevention

In particular, non-metallic tubes such as VP pipes tend to have more remarkable Figure 3: Configuration of leakage
attenuation in the high frequency range than metals such as cast iron pipes.

(® Changes in water leakage sound due to water leak hole, water pressure, etc, tend to
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Table 3: Example of Relationship between high and low of leak noise

Classifications When high tone ‘When the middle tone When it is low tone
Frequency band More than 1KHz Under 0.5~1KH Less than 0.5KHz
Size of leak hole Small. Large Very large
Shape of water leak hole Complexity Simplicity Simplicity
Flow in leak hole Very fast Slow Very slow
Pipe diameter Small dia. Medium dia. Large dia.

Steel pipe/Stainless steel

Cast iron pipe/Asbestos cement pipe

Material of pipe pipe Vinyl pipe /Polyethylene pipe
Distance Near Far | Very far
Water pressure High Low | Very low

Source: Yokosuka City WWSB, Water leakage prevention

Table 4: Example of leak noise sound and survey conditions

Conditions Impact on Note
investigation, etc.
Depth of Shallow Good Attention to echo etc.
burial Depth Bad The deeper the depth the more the leakage sound attenuates.
Density of soil | Rough Bad The damping of leaky sound is bigger and dense.
Dense Good -
Pipe material Soft Caution Soft pipes such as vinyl pipes and polyethylene pipes attenuate
Hard Small impact the leakage noise during propagation, so care is taken because
the range to be captured is narrow
Pipe diameter Small No effect -
large Effected Pipe vibration is less likely to occur as the larger diameter.
Amount of Alittle Difficulty Minor leakage water leakage sound is small and difficult to
leakage grasp.
Much Easy Pay attention to the water pool near the leak hole.
Water pressure Low Bad Usually 1.5 kef / cm 2 or more.
High Good Generally, leakage noise is higher as high water pressure.

Source:JWRC

h——  Froquncy thar can be sudibly sounded ——

i e Musise bk detecior —————t
|

———————Digilal noise detector

—t—1 islening >|-..J‘—h|
Frequency of the most acoustic
I.— leakape sound ey
" —
o0 00 160 2700 [
Frequency ypogye ) 1000 000 A0 10kHz
: Py i

+ T 4
Cast iron
e Cain .
Tcsad pipe—af <
|~— Vinyl pips = “'| The beoken lin in the
Jevvipe flaw sounds| l'm|||:en|.'_\ when direct pipes ane
touched
|t— Cable circuit so.uld—i{

|. Walet wse |
sound T aol_y
rect sound o
pipe sueface Simulared bk wone

i P
—Sewage sourd —H
Mg ol |._ Car runing -+
the \.in.l\I soursd
f—— Urban moise —]
b Supplemen frequency on o

gronnd surface

Source:JWRC
Figure 4: Range of hearing of leakage detection, and frequency of leakage
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6. How to apply leakage detectors
6.1 Detection methods of point of leakage and leakage volume
The investigation methods for checking the presence or absence of water leak include the
method of identifying the water leakage position (e.g., sound listening, correlation method,
time integral formula) and measurement of water leakage (e.g., nighttime minimum flow

rate).

(1) Procedure for water leakage survey
To confirm the presence or absence of leakage, carry out in the following procedure.

(O Formulation of survey plan
a) Preliminary survey

b) Full investigation

¢) Confirmation survey

@ Formulation of survey methods on leakage point and volume
Confirmation of water leakage point and leakage volume is carried out with
the following equipment
a) Specific investigation of water leakage location (e.g., a listening stick,
correlation method, time integral equation)
2 2
b) Measurement of water leakage (e.g., minimum nighttime flow rate by
flowmeter).

1

c¢) Confirmation of leakage point (e.g., boring equipment)

(® Evaluation criteria for frequency rank of acoustic noise detection survey and
leakage volume survey
@ Frequency rank of implementation of acoustic noise detection
survey
As for the evaluation of the leakage survey frequency in the water
supply district, it is important to formulate the ranking of the survey
frequency in advance by referring to the number of water leaks so far

An example of the plan is shown below. (Refer to Table 5)
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Table 5: Example of Planning Frequency of acoustic noise detection survey

Number of The period required for | Distance of sound
Place name Remarks
survey sections | the whole city cycle listening(km)
Leakage accidents occur
D-1 Area 76 One year round 371
frequently
D-2 Area 63 One round in 2 years 344 Over the service life
Update construction is
D-3 Area 43 One round in 3 years 321
over
Total 182 - 1,037km -
¢ NOTE:

flow rate value).

Leakage volume survey results and additional survey plan
It is important to prepare a work plan for additional investigation that is

accompanied by the result of leakage measurement (e.g., nighttime minimum

An example of the plan is shown below. (Refer to Table 6)

Table 6: Example of leakage survey results and additional survey policies

Rank
value

Night minimum flow rate

Contents of additional survey

A 20 L/Min./km or less

-Do not conduct additional investigation work

-If leakage occurs, respond with emergency work.

B | 26~60 L/Min. /km

noise correlator

-Repair leak points

-Continue survey focusing on sound listening work and leak

- If leakage occurs, respond with emergency work

C ~

60 L/Min. /km or more

many leaks

-Perform thorough leak detection work

- Particularly, to replace drain pipes and water supply pipes with

6-2. Arrangement of time zone of work by acoustic noise detection method

In the acoustic noise survey, from the point of view of prevention of deterioration in

accuracy of detection by Pseudo leakage sound, prevention of security / troubles of

residents, prevention of traffic accidents, basically the survey is conducted at the

following time zones. (Refer to Table 7& Figure 5)
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Table 7 Working time arrangements
No Places to be surveyed Equipment to be used | Working time Remarks
(a) | Door to door survey (C. Meters listening stick others 8 : 30am~ Daytime
others) 17 : 00pm
(b) | Stop valves, air valves, others Daytime
(c) | Survey of road surface (survey of | Digital noise leak 22:00pm~ Late-night
buried pipe) detector, others 5 : 00am
Basically; (In urban area)
O At Daytime ....Door to door survey
® At Late night.....Road surface survey
I

AHA, WEN!!!

7. Preliminary survey method with Acoustic leak detectors

(Standard survey method for specific investigation of leakage location)

7-1. planning for preliminary survey

(a) Purpose

Source: Edited Tokyo Metropolitan Government Bureau of Waterworks Tokyo’s Leakage Control H27
Figure 5 Working Time for water leakage survey by acoustic noise detectors

The preliminary survey is carried out to grasp the current state of water leakage in

order to formulate a full-scale research plan.

(b) Survey method

It is carried out with the most basic leakage survey method called "standard survey
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method" centered on tone survey In addition, many leakage investigations are applied (b) To hold a preliminary meeting with workers.
by combining this survey method. (c) Consider how to compile daily work results.

(2) Items to be checked in advance

7-2. Flow diagram of standard survey method (a)Check documents to be submitted.
The flow diagram is shown below. (Refer to Figure 6) (b) Information disclosure to inhabitants and announcement
(c) Correction of incomplete drawing
Flow diagram Activities (d) Confirmation of work contents
o Creation of work plan A setup of investigation plan (preparation of a plan for site .
investigation, an understanding of a piping-drawing, functional (¢) Confirmation of the form of the report. (Refer to Table 8)
verification of a measuring equipment/valve, information
disclosure of a activity to residents, others)
‘ Name of waterworks office (Name +Sign) ; Date and time;
( Implementation of Collation of a piping-drawing and an on-site conditions Name of the investigation area
2) preliminary site survey Scope of work Door-to door survey (160 km: 16,000 Customer meters) ::::8:30AM to17:00 Duration of the survey;
(Investigation time Stop valves / stop-cocks Caustic noise survey (150 km);;;;;8:30AM t017.00 Name of the researcher;
‘ zone) Road surface survey (160 km);;;;22 PM to SAM
(3) | Implementation of survey | Implementation of acoustic noise investigation in a customer No. Activities June July August ptemk
on door-to-door by meter and a water stop valve (1) _ Work plan
acoustic noise detection (2)] Preliminary site survey
(3) | Survey on door-to-door surve
‘ (4) Survey on road-surface
Implementation of survey | Implementation of the leakage detection activity on a buried line (5) Verification work
(4) on road-surface by (6) Preparation of report
acoustic noise detection
) Implementation of The verification activity of presence of a leakage, a leakage Supervisor (Name +Sign); |
verification survey location, and implementation of boring survey
) 4 F
®) Preparation of a report Arrangement of survey data, and implementation of analytical igure 7: Examples of the survey schedule table
work

Figure 6: Procedure of leak detection with Acoustic leak detectors

7-3. Outline of work
(1) Creation of work plan
The work plan is composed of preparation of plans necessary for investigation,

process control and selection of workers and so on.

Main work contents

(a) Creating a work plan (Refer to Figure 7)

- Understanding the contents of the survey

--Confirmation of the drawing in the survey area (Refer to Figure 8) = ——= == == — ==

--Establishment of survey formation team Source: Yokosuka City WWSB
-Create a process chart Figure 8: Examples of the survey area and pipe line
-Function check of used equipment

-Others

R-2#7-17 R-2#7-18



Water leakage survey methods 2018 Aug.

Table 8: Example of Report Summary

(Number of water leaks by type and prevention amount))

Classification Dumbered % TR e % Remarks
cases leakage (m3/hr.)
On the water distribution pipe 20 7.0% 4.6 14.1%
Air valve 30 10.6% 1.8 5.5%
Diaphragm 50 17.6% 15 46.0%
On the water supply pipe 22 1.7% 5.13 15.7%
Stopcock 70 24.6% 2.64 8.1%
Meter 62 21.8% 0.53 1.6%
Inside the house 30 10.6% 2.94 9.0%
Total 284 100.0% 32.64 100.0%

7-4. Implementation of preliminary site survey
In-situ preview survey is to conduct survey on-site in the survey target DMA in advance, to
understand the accuracy of the piping drawing, the situation of the water distribution facility,
the road surface condition, and as a result so that proper and accurate this survey can be

carried out .(Refer to Figure 9)

(1) Main work
(@D Confirmation of buried piping route
@ Check the location where valves are installed,
(3 Confirmation of the source of trouble vibration given to sound listening test of
stop valve
@ Survey of position unknown valves and piping routes, confirmation of these
places in the office

(® Confirm embedment status of electricity, gas, communication facilities etc.

(2) Equipment to be used
@ Listening stick

@ Digital noise leak noise detectors, others

Source JPRC #20
Figure 9 Example of piping network diagram in survey target DMA
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7-5. Implementation of survey on door-to-door by acoustic noise detection
The door-to-door listening survey is a process in which all water supply devices (including
customer meters / stopcocks) and piping (including exposed parts such as gate valves, fire
hydrants and water pipe bridges) in the DMA where are subjected to water leakage detection
and visual confirmation .
The survey shall be daytime work taking into consideration such as entering the site on an

individual basis.

(1) Main work

@ Acoustic surveillance with a plug valve
This survey is to check the presence or absence of leakage with a listening stick to
the spindles part of the gate valve installed in the water distribution pipe, a fire
hydrant valve, an opening / closing stopper, an air valve.

@ Acoustic surveillance with a meter / a stop-cock
This survey is to check the presence or absence of leakage with a listening stick to
a stop-cock, a customer meter.

If it is recognized as a leaky sound, close the stopcock for a short time and check
again for leaky sound

(® When checking abnormal sounds, check marks are given on the drawing and
survey points.

It is subject to the road surface tone survey conducted at a later date.

@ Leakage sound confirmed with a meter or a stopcock is different in the magnitude
of sound that can be heard depending on leakage condition / place / water pressure.
Care must be taken in identifying leak points. (Refer to Figure 10)

® If you need to enter the residential area, always wear an identity card and
armband so that you do not have trouble with the residents. We also request

advance inquiries and cooperation to the residents in advance

(2) Equipment to be used
@ Listening stick / digital listening stick.
@ Time integrated type leak detector

@ Road surface digital noise leak detector, others
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Figure 10 Application of Listening stick

7-6. Implementation of survey on road surface by acoustic noise detection

This survey is a walking survey on roads where buried pipes are laid by Road surface digital
noise leak detection sensors at intervals of 0.5 to 1.0 m, and explores leakage sites.

The survey is carried out during the time period (nighttime) which is not affected by dummy
sounds such as noise and water used, but it is susceptible to weather conditions such as wind
and rain and traffic vehicles.

The leakage sound also differs at the leakage point (Refer to Figure 11)

(1) Main work
(D If you have confirmed abnormal sounds, put a check mark on the road (white
stain) and drawing, and make a detailed confirmation investigation.
(@As an auxiliary work, listen to a water stop valve, a water control valve, a fire

hydrant with a listening stick

(2) Equipment to be used

(D Road surface digital noise leak detector

(@Listening stick / digital listening stick, others
® Tool

i/ Maximum Sensitivity

S

A Groupd Surface

Figure 11: Overview of Road surface digital noise leak detector

7-7. Implementation of verification survey

Confirmation survey is the work at the final stage of the leakage investigation to further
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examine the location of the abnormal sounds found from the previous survey, to determine

whether there is water leakage and the water leakage point. (Refer to Figure 12)

If water leakage is suspected in the water supply pipe, it is also necessary to check whether
there is a leakage point before or after the stop-cock while opening and closing the stop-cock
(1) Main work
(D In the drilling operation, to identify the leakage position under a hard road surface,
open 2 to 4 holes with a diameter of about 15 to 20 mm. Using the several
openings, drill holes to near the buried pipe predicted by the boring bar. (Be
careful not to damage the buried pipe) (Refer to Figure 12)
@ To determine the final water leakage position, move the listening stick bar to 3 to
4 holes, confirm the water / sand condition adhering to the bar, the wet condition
of the soil and the sound of weak noise, and then determine the water leakage
position. (Refer to Figure 13 to 14)
(® The determined leakage position is marked on the road surface with paint,
recorded and reported to the responsible person.
@ If ground exploration is difficult, a Correlation survey or Leak zone tester will be
carried out (Refer to Figure 15)
® It may be confirmed by residual chlorine reaction as a survey of the spill where
leakage flows out.
©® As an auxiliary work, explore the location of buried pipes and buried faucets with
metal detectors
(@ The survey worker needs to pay sufficient attention so as not to damage other
buried pipes and other business facilities (e.g. Electricity, gas, communication
facilities).
Mainly work on the roads will be more frequent, so be sure to implement safety

measures thoroughly.

(2) Equipment to be used
@ Bowling equipment (electric drill, hammer drill, boring bar),
@ Listening stick / digital listening stick, others
(® Road surface digital noise leak detector
(®Leak noise correlator, Metallic pipe locator/Metal locator

(® Reagent of Residual chlorine (DPD), tool, Survey vehicles, others

R-2#7-22



Water leakage survey methods 2018 Aug.

Dyilfiug woek Boring work  Confirmation work
Source: JICA-Nagoya City Edit NRW Textbook

Figure 12: Procedure for investigation to confirm the leakage point

Land Surface

Source:Yokosuka city WWSB Working on Paved roadway

Figure 14: Confirmation of leakage at the opening

—t
e
4% Leak Noise

Radio Correlator Unit Radio
Transmitter Transmitter
(B} (A)
Pickup sensor Pickup sensor
d 1
Ll 1.
éy’fn] |
Valve I Point of Leakage

Figure 15: Overview of leak noise correlator
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7-8. Arrangement of results of an investigation
This activity is performing results of an investigation for arrangement, an analysis, a
consideration, etc.
Items to create such as documents are as follows.
(1) Main work
(D Drawing showing water leakage point
@ Daily reports and weekly reports
@ Photo collection
@ A tabulation of a leakage occurrence spot, a data reduction, a taxonomy
® The table of contents of a report is as follows.
+ Introduction /Summary of survey/Content of survey/Result of investigation /

Discussion / Postscript

(2) Collection and analysis of an information by investigation obtained
Data obtained by the survey activities (e.g. Leakage cause, number of leaks per pipe
type, leakage restoration situation, are collected and analyzed to help prevent water

leakage.

8. Implementation of Main survey work
8-1. Procedure of leak detection by flow rate
(1) Measurement category
The method of estimating the amount of water leakage from the flow measurement is
largely divided into two categories: Prolonged 24 hour sequence measuring method

and Midnight measuring method.

. Assume**

Minimum Flow Rate (MFR) is the leakage amount

4 Caution! ! !
(DSince the flow rate survey that predicts the minimum flow rate as the leakage
amount includes some authorized consumption and various water losses, the data is

used as a rough water leakage amount only.

(@The DMA suspected to be leaked will further investigate in step tests further to
identify the pipeline that is leaking
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(DIn the case where measurement is carried out by fully closing the water faucet,
when the cooperation of the residents is not obtained, the reliability of the measured

value is lost

(2) Application

This investigation method is suitable for studying medium to large leakage volume.

The main measurement methods are shown below.

(3) Ensure the reliability of data on water leakage

Ensure the reliability of data on water leakage
Water leakage obtained by measurement is merely water pressure at the time of
measurement. For estimating the actual leakage volume, it is important to calculate the
average leakage volume from the average water pressure (converted water pressure) in
the measuring area.
Therefore, by announcing the data on the amount of water leakage together with
"leakage volume converted into converted water pressure" and "leakage volume at the
time of measurement", data reproducibility and "data reliability" as statistical data are
secured
(D Water pressure conversion formula
(a) Condition (For example)
-40m3/d@1.3kef/cm?....... (At the time of measurement)

g

- Converted to 2.0 kef / cm 2..... (Average water pressure in DMA)

(b) Water pressure conversion formula

2.0 1.15
Q=|§'ﬂqu= ) x 40 = 656 m'/d

Here;
Q: Converted water leakage= m3/d
Qo:Water leakage when measured =(eg.40 m3/d)
n: Index=1.15. or 0.5 : pipe crack, leakage from the joint of valves /
plug joints is assumed to be leakage=(e.g. 1.15)
Po: Measuring water pressure=(eg.1.3 kg/cm?)

P: to be converted water pressure=(eg.2.0 kg/cm?)
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¢ NOTE

‘Water leakage will be influenced by water pressure.

8-2. Measuring method of flowrate

The example of a measuring method is shown below.

(1) Prolonged 24 hour sequence measuring method
(a) Distribution pipe flow
(b) DNA
(2) Midnight measuring method
(a) Not stopping service
(b) Night minimum flow measurement

(c) Step test

(3) Estimated amount from water used

8-2-1. Prolonged 24 hour sequence measuring method

This measurement method is based on estimating the amount of water flowing into
DMA for 24 hours in a row for a certain period of time and assuming the amount of

water leakage from the minimum amount of water.

The outline of the investigation method is shown below.
(1) Install flow meter in distribution pipe flow
In this method, a flow meter, a pressure gauge, etc. are directly installed in the
piping flowing into the target investigation block and measured for "water
distribution (flow rate)" for 24 hours continuously for a long time, and roughly

estimate the water leakage amount. (Refer to Figure 16)

Select the place where the flowmeter and pressure can be installed in places
where long-term measurement is possible (e.g., in the water pipe bridge or the

measuring device pit).
It is desirable to select a type of flowmeter to be used (e.g., ultrasonic

flowmeter), which can perform measurement under the condition of "actual

water pressure" without loss head.
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Figure 16 Flow measurement in Distribution pipeline

(2) Install flow meter in inlet pipe to isolated DMA
In this method, with the distribution pipe length of 2 to 3 kilometers as a guide, all of
the partition valves, stoppers, water faucets, etc. other than the compartment inlet
valves are "closed" and in the absence of the amount of water used in this DNA,
which is measured as "short time", and assuming the water leakage amount. (Refer to
Figure 17)
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Figure 17: Flow measurement in isolated DMA

8-2-2. Midnight measuring method
In this method is based on the flow rate (leakage amount) flowing into the DMA in the
midnight time zone in which the usage amount by customers is generally small in the
normal water supply state is measured with the flow meter.
This flowmeter is installed in the only main water pipe flowing into the DMA and is
"completely isolated from the adjacent section" and assumes the water leakage amount

from the minimum water amount in a state that it is not affected by the adjacent pipeline

(1) Not stopping service

In this method, the water distribution is kept "in a state where water supply is not
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stopped" for a certain period, and the minimum flow rate value is assumed as leakage.
It is necessary to investigate the actual condition of flow rate (FR) use characteristics
(factory / commercial district, public facilities, domestic lifestyle such as water for pool

/ water tank, whether there is a water service used 24 hours, etc.) beforehand.

(2) Night minimum flow measurement
In this method, "Minimum water volume is assumed to be leakage" in "longevity
not restricting water supply" to "time zone at midnight when the most used water
volume decreases in a day".(Refer to Figure 18)
Survey area is as compact as possible, simplified as much as possible.
When the minimum flow rate at night is small, measure with a small flow meter

installed in the bypass.

Assume; MFR = Leakage amount ‘

Free time of wat I B X closed X
S —
e o]
B tesone Giate Valves
Binte |1 water vl . L
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e
| el o
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T — ime
e i Flowmeter
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" Habe = Waker B i
I i = Lushage ;[ 5= 2 <
f ™ ’.
Bypass line& Flow meter — i i hFdi“_ 8 Gate Vilves
vdrant
x X cosed X

Figure 18: Example of water use "free time'" and variation in the minimum nighttime

(3) Step test
In this method, the inside of the DMA is subdivided, for example, by piping branch lines,
the smallest nighttime flow rate of the small section is measured in order, and the leakage
amount is assumed from the total of the leakage sections.

In addition, it is possible to specify the section with the smallest flow rate.

Total MFR = MFR at small section (a) + small section (b )+ .......

8-2-3. Estimated amount from water used
In this method, leakage is calculated from the difference between the amount of water

distributed for a certain period of time and the revenue water amount and assumed.
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This leakage contains the meter’s insensitive water amount, causing a considerable error.

Assume:

Leakage amount= Input volume — Revenue water=NRW

Water leakage survey methods 2018 Aug.

Exercises:-1
(D When is the minimum water volume (m*hrs.) generated ?

@ Which minimum flow rate should be estimated as leakage amount?

AGOSTINO Qmnf 23:29 12/07/2018-1:44 13/07/2018

mifh 1.4 ML‘
1.2 P, L
! [ i i l T

Source: NYAHUWASCO 2018 Aug.

Exercises-3
(D We measured the nighttime minimum flow rate in each small district, but from which area should

we implement leakage countermeasures?

(2 What is the NRW rate of each section?
€ Hint: NRW (%)=(45 =+ 75) x 100 = 60 %

(3 What is the total leakage amount in this surveyed residential zone ?

@ How to deal with it?

Partition Input Loss NRW Piping No. of Expected
number water amount (%) distance faucets leakage amount
(m3/d) (m*/d) (m) (pcs) (m*/m/ d)

No.1 75 45 60 2,500 125 0.018
No.2 60 18 2,000 100 0.009
No.3 45 225 1,500 75 0.015
No4 54 43 1,800 90 0.024
No.5 60 21 2,000 100 0.011
No.6 105 63 3,500 175 0.018
Total 399 212.7 Ave. 13,300 665

Exercises-2

at night at main distribution pipe line, dia.200mm~500 mm.

Rank | Night minimum flow rate value Contents of additional survey required

A | 12m*/d/km or less

B 12m*/d/km~24m?/d/km or less
C | 24m’/d/km ~50m*/d/km or less
D

50m?/d/ km more

@ Describe how to proceed with additional survey, measuring the minimum flow rate
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9. Method to collect leak volume at site by volume and /or weight.
9-1. Measurement category
As a method of grasping the amount of water leakage, it is divided into two categories by
measurement such as actual flow rate and by visual observation.
Leak water measurement measures the total water leakage directly while measuring the time

before repairing the part

9-2 Application

This method is suitable for small leak measurement and large leak measurement.

9-3. Measurement method
Examples of measurement methods are shown below.

(D Direct measurement ( with bucket etc.)
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(@ Comparison of distribution flow rate (before repair and after repair) (3) Reference (Refer to Figure 20)

(® Reproduction survey reusing removal pipe. (D Relationship between weight of water and volume (volume)

@ Visual
Formula : W=R xV
9.4. Outline of direct measurement method Here
The main methods for investigating water leakage are shown below. W = Weight (g)
(1) Direct measurement method.(Refer to Figure 19) R = Density g/ cm 3 = Specific gravity (water = 1)
@ Overview V = Volume (Capacity) L, cc, mL
In this method, water leakage is collected in a bucket / measuring cup or the like
while measuring time at a leakage site, and the leakage amount is ascertained Table 20: Conversion table (Water Specific gravity = 1)
from the volume / weight measurement. Volume Weight Note
@ Tools L (liter) mL(mill-liter) g (gram) mg(milligram)
In the case of small leakage, measurement cup, bucket, excavation tool, 1.0 1,000 1,000 1,000,000
Stopwatch, Scales. 0.5 500 500 500,000
S 0.1 100 100 100,000
0.01 10 10 10,000

Figure 19 : Tools for instrumentation

(2) Calculation formula

Formula: Q=Q; xT xn

Here

Q: Total water leakage (m 3)

Qi: Actual water leakage (m3 / hrs.)

T: Time required from the start of leakage to repair (hrs.)

n: Experience value of loss (permeation amount, outflow amount etc.) due to

piping burying environment
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Exercises-4
(a) We measured the weight of water leakage, but what is the equation for calculating the

leakage volume? (Refer to Figure 21 & Table-9)

Formula for calculation of water leakage:
V=W-=+R
V = Volume (Capacity) L, cc, mL
W = Weight (g)
R = Density g/ cm 3 = Specific gravity (water = 1)

(b) What is the unit indicating weight?

(c) What is the unit indicating the quantity?

(d) Calculate leakage amount by measured weight

!
Figure 21: Different bottles weigh
Table 9: Answer sheet
Container Weight Volume
Type Empty g (gram) mg L mL
container (g) (milligram) (liter) (mill-liter)
Measure cup 31.0 131
42
Bottle 15.0 130
99
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9-5. Comparison method of distribution flow rate (before repair and after repair)
(1) Overview
It is suitable for measuring medium to large leakage accident and is a method of
measuring leakage volume from the difference between the water distribution flow rate

before repair and the water distribution flow rate after repair.

(2) Tools

Flowmeter (External ultrasonic flowmeter, others)

(3) Calculation formula

Formula: Q=(Qi— Q) xTxn

Here
Q: Total water leakage (m )
Q 1. Actual water volume after repair (m?3)
Q 2 Actual water volume before repair (m 3)
T: Time required from the start of leakage to repair (hrs.)
1: Experience value of loss (permeation amount, outflow amount

etc.) due to piping burying environment

9-6. Reproduction survey reusing the removal pipe
(1) Overview
This method is a method of reproducing the leakage amount by using a removal pipe
cut by repair. In the reproduction test, leakage can be measured relatively accurately
by making it equal to the local water pressure, but when the large diameter and the
leak hole is large, the reproduction facility and the measurement facility become

large.

(2) Tools

Water leakage reproduction equipment and flow measurement equipment

9-7. Visual method
(1) Overview
In this method, the amount of water leakage is estimated by "comparing" the water

leakage at the site with the "flow state photograph or chart" created by the water
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discharge experiment.

An example of a chart showing the water leak condition is shown below. (Refer to

Table 10 & & Figure 22 to 23)
(2) Example of leakage volume experiment value (Dia.13 m/m pipe)
Conditions

- Water pressure: @ 3.5 kef / cm 2%is converted to 5 kef / cm?

Table 10: Table of leakage flow rate (at Skgf/cm?)

Items W. Leakage (a) (b) (c) (d) (e) (f)
) Faucet m’/d 0.011 0.036 0.09 309 39.6 56.8
® | Stop valve m’/d 0.045 2.3 3.0 7.2 - -
® | PE. pipe m’/d 0.03~0.05 2.7 15.4 28.4 43.8 68.8

@ Water tap faucet (Dia. 13m/m,Skgf/cm2)

@ ®) © @ () ®

. - . Openplug Openplug  Fully open
No. of Dripping No.of Dripping String = i
30/min .95/ 90 degrees 180 degrees

il

7®Stop Valve (Dia. 13m/m,5kgf/em?2) (C;csatf?e%grg (@)Splash strongly

(a) String  (b) Partial scattering in half open at full throttle

3P.E. Pipe (Dia. 13m/m,5kef/cm2)
(a)Pinhole (b) Crack 1em  (¢) Crack2em  (d)/(f) 3~5 cm
!

e

Source: JPRC 1995 #20

Figure 22: Example of Grasp water leakage (dia. 13 mm water service pipe)
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(3) Example of leakage volume experiment value (Dia.13-50 m/m pipe)
Condition

-Water pressure: @ 2.0kef / cm 2

Dia.50mem Falling out of the flange portion (1/2 Fully Dria. 50mm Falling out of the flange portion
Water pressure:2. 0 kg'om2, W/Leakage 2. 3/hrs Water pressure: 2.0 kg/em2, WiLeakage 10 m3/hrs.
Water pressure: 2.5 kgiem2, W/Leakage 268 m3/hrs Water pressure: 2.5 kg/om2, W/Leakage 11.2 m3 s
Water pressure: 3.0 kp'em2, W/Leakage 2 94m3/hrs Water pressure: 3.0 kg/em2, W/Leakage 12.2 n3

DHa S0mm Falling out of the flange portion Dia. 1 3mm Falling out of the flange portion
Water pressure:2.0 kg/om2, W/Leakage 3.0 m3/hss Water pressure:2.0 kgfem2, W/Leakage 1.0 m3/hrs.
Water pressure: 2.5 kg/em2, W/Leakage 3 35 m3/hrs Water pressure: 2.5 kg/om2, W/Leakage 1.12 m3/hrs
Water pressure: 3.0 kg'cm2, W/Leakage 3.97 m3/hrs Water pressure: 3.0 kg/'em2, W/Leakage 132 m3/Mhrs

Source: JPRC 1995 #20
Figure 23: Example of Leakage amount of understanding

10. Prediction method of leakage by calculation from pore size and/or water-pressure

10-1. Overview

In this method, damaged parts are converted into areas based on the breakage situation of

piping, and leakage is calculated.

10-2. Calculation formula

Formula: Q=C x a x P"

Here

Q: Water leakage (m?)

P: Pipe water pressure (kef/cm?)

C: Coefficient according to the shape etc. of leak hole
a: Area of leak hole (cm?)

n: Index (0.5 or 1.15 assumed)

R-2#7-36



Water leakage survey methods 2018 Aug.

However;

The index (n) is assumed by reference to experimental values.

(a) Assuming that the index n = 0.5, the leak hole is an orifice.

(b) Assuming that the index n= 1.15, the leak crack in the pipe, a gap in the

joint part of valves and plugs.

10-3. Relationship between Water leakage and Hydraulic pressure
assuming the size of the water leak hole, calculate the water leakage from the calculation.
(1) Overview
In this method, when it is difficult to measure the leakage of the high water pressure
distribution pipe, water leakage amount (range from 1.0 cm to 0.01 cm) is converted
to surface area (cm 2) and water leakage amount is predicted from the "quick catch

table". (Refer to Table 11)

(2) For example
(D Leakage hole diameter: 1.12 cm (radius = 0.564 cm)
@ Leakage area: 3.14 x radius>=3.14 x (0.564)%> = 1.0 cm?

(® Hydraulic pressure: assumed to be 3.0 kef / cm >
(3) Prediction method of water leakage
For the calculation method, select the "pore area 1.0 cm? and water pressure 3.0 kef

/ em 2" of "Quick Reference Tables".

. Leakage volume is estimated to be about
76.0 m3/d=3.16 m?3/ min = 52.8 L./ min

Table 11: Quick looking table (leakage and water pressure)

Dia ( o) ‘Water Pressure (kgf/cmz)

3.0 4.0 5.0 6.0
1.00 | Water leakage (m*/d) | 76 88 98 107
0.60 | Water leakage (m*/d) | 54 63 70 76
0.50 | Water leakage (m*/d) | 52 60 67 73
040 | Water leakage (1n3/d) 50 57 64 70
0.30 | Water leakage (1n3/d) 33 38 43 47
0.20 | Water leakage (1n3/d) 27 31 35 38
0.10 | Water leakage (1n3/d) 17 20 22 24
0.08 | Water leakage (m*/d) | 15.5 18 20 22
0.06 | Water leakage (m*/d) | 11.6 13.4 15 16.4
0.04 | Water leakage (m*/d) | 7.7 89 10 11
0.02 | Water leakage (1n3/d) 3.9 4.5 5 5.5
0.01 | Water leakage (m*/d) 13 1.6 1.8 2

Source: JPRC 1995 #20
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Table 14: Pressure unit conversion Table

ata (kg/cm’) | mm water (4°C) bar Mpa Kpa PSI( Ib/in)
ata (kg/cm’) 1 10,000.03 0.981 0.0981 98.07 1422
mm water (4°C)|  9.99 x 10° 1 9.81x10° 9.81x10° 9.81x 10° 1.422x10°
bar 1.02 101197.44 1 0.1 100 14.5
Mpa 10.2 101,974.42 10 1 1,000 14.5
Kpa 0.01 101.97 0.01 0.001 1 0.145
PSI( Ib/in) 0.07 703, 09 0.0689 6. 893 x10” 6,863 1

Exercises:-5 Practice for finding water leakage

(1) Overview

In this method, when it is difficult to measure the leakage of the high water pressure
distribution pipe, water leakage amount (range from 1.0 cm to 0.01 cm) is converted to surface
area (cm ?) and water leakage amount is predicted from the "quick catch table". (Refer to
Table 15)

(2) Conditions
(D) Leakage hole diameter: 1.12 cm (radius = 0.564 cm)
(2) Leakage area: 3.14 x radius 2 =3.14 x (0.564)2=1.0 cm?
(3) Hydraulic pressure: assumed to be 3.0 kef / cm

(3) Calculation
Select the "pore area 1.0 cm? and water pressure 3.0 kef / cm 2" of "Quick Reference Tables".

~Leakage volume is estimated to be about

76.0 m?3/d=3.16 m?/ min =52.8 L/ min

Table 15 Quick looking table (leakage and water pressure)

Water Pressure (kgf/cmz)

3.0 4.0 5.0 6.0

1.00 | Water leakage (m’/d) | 76.0 88.0 98.0 107.0
0.60 | Water leakage (m’/d) | 54.0 63.0 70.0 76.0
0.50 | Water leakage (m*/d) | 52.0 60.0 67.0 73.0
0.40 | Water leakage (m’/d) | 50.0 57.0 64.0 70.0
0.30 Water leakage (ms/d) 33.0 38.0 43.0 47.0
0.20 | Water leakage (m’/d) | 27.0 31.0 35.0 38.0
0.10 Water leakage (m"/d) 17.0 20.0 22.0 24.0
0.08 | Water leakage (m*/d) | 15.5 18.0 20.0 22.0
0.06 | Water leakage (m’/d) | 11.6 134 15.0 16.4

Dia. (cm’)

0.04 | Water leakage (m’/d) 7.7 89 10.0 11.0
0.02 | Water leakage (m’/d) | 3.9 4.5 5.0 5.5
0.01 Water leakage (m’/d) 1.3 1.6 1.8 2.0

Source: JPRC 1995 #20
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1. Objective

(D Understand concept of Pipelines locating/ tracing equipment
(2 Understand concept of Leak detecting equipment
(3 Understand concept of Water flow measurement equipment

(@ Understand concept of Water pressure measuring equipment

2. Introduction

To manage Non-Revenue Water one needs to understand the components and then lay
strategies on how to manage them. From the understanding that there are two main
components to deal with, mainly Physical and Commercial losses. Non-Revenue water
investigating equipment are used to deal with physical losses, accuracy of meters and
pressure management. This chapter will deal with equipment used for pipe location, flow
measurement and leak detections

3. Key Words Definition

Metallic Iron pipe locators It is a detector that investigates the location of buried metal
objects.
Non-metallic pipe locator It is a detector which investigates the location of a burial

nonmetallic thing.

Acoustic rods It is a device to investigate the location of buried leak sound by
human hearing.

Electronic acoustic rods It is a device that amplifies leakage sound from the water supply
pipe and investigates it.

Water Leak Detectors It is an electronic detector that investigates the location of water
leakage sound from the road surface with an amplification
device.

Leak noise correlators It is an electronic detector that specifies a leakage point of the
water distribution pipe network.

Electromagnetic flow meters It is a flow meter that calculates the flow rate from the
electromotive force generated when water crosses.

Ultrasonic flow meters When an ultrasonic wave is transmitted from a sensor installed at
an angle to both ends of the pipe, the flow rate is calculated from
the delay of the propagation arrival time between the two points

depending on the flow velocity.
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4. Pipelines Locating/ Tracing Equipment
4.1 Metallic Iron pipe locators

(1) Principle of operation and application (See Fig.-1)
(a) They compose of Transmitter & Receiver
Traces any continuous metal, such as; iron, steel & copper water lines, gas lines, tracer wire
by plastic pipe, telephone/TV cables, copper &aluminium wire, conduit, and Power lines

whether energized or not.

PULL UP

Figure-2 Metal Pipe detection signal example
(b) Operation Principal
As a transmitter emits electromagnetic waves, a magnetic field is generated. If a metal pipe or a
cable is laid within the magnetic field, induced current (signal current) is produced and flows
through the underground metal pipe or cable according to the principle of electromagnetic
induction. Then, a receiver picks up the magnetic field generated by the subsurface metal pipe

or cable. The location and depth of the subsurface pipe or cable is located by the angle of the

magnetic force concentrically generated by the metal pipe and the strength of the magnetic field.
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1].

.
Low signal .

Figure-3 Inductive Mode

Passive Radio Mode, which does not require the Transmitter. This feature detects the Induced
magnetic field present on underground utilities.

Frequency Sensitivity Level. (00 to 40) Frequency Sensitivity Level. (00 to 40)
|
B83KHz SENS.30 B3KHz SENS.30
- Residual -Residual
Battery Power ﬁ E Battery Power
— ; .
Numerical Value. (000 to 100) — Bar Graph. PiPe | oft or Right

Figure-4 Maximum mode

(¢) Minimum mode
Optional External Coil available for locating Utility-line that has an insulated coating and for
Power-line and Telephone-line that cannot be connected directly in the direct mode.
@ Detection Accuracy
(D  In case of the induction method
»  The magnetic field generated by the underground metallic pipe is picked up by
a receiver.

»  The angle of the magnetic force continuously generated by the underground
metallic pipe and the strength of the magnetic field are measured to determine
the location and depth of the pipe.

@ In case of the direct method
The transmitter is directly connected to an underground metallic pipe to supply

a signal current to the pipe, it and the receiver is used to locate the current on the
pipe.
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4.2 Non-metallic pipe locators
(1) Principle of operation and application
Low frequency sound waves are generated by the sonic vibrator, which are transmitted

through the water in the non-metal pipe, then received by the pickup sensor of the sound

wave detector placed on the ground surface.

Figure-5 Plastic Pipe Locators

The transponder locates all clean water pipes including PVC, Plastic, AC without tracer wires by
creating water pulses on the pipes.

The Radio detection transponder locate PVC, plastic pipe locator valve that connects to the water
supply pipes and creates 5 psi pulses higher than the pipe pressure. Then locate PVC pipe by
listening with the RD547,

Figure-6 Application example of Vibration-wave water method

Electronically controlled water valve opens and closes creating water pulses in the pipe causing
noise in the pipe. Water Pulse Generator sends water pulses along the pipe which then can be
located using leak detectors.

5. Leak Detecting Equipment
5.1. Acoustic rods
(1) Principle of operation and application
Sounds of leakage can be heard by directly touching the end of the rod to valves, hydrants and
pipes
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Part of Listening Stick

Figure-7 Application example of Acoustic rods method

5.2. Electronic acoustic rods
(1) Principle of operation and application
By directly touching a water supply facility element, the sound of leakage (vibration) is
numerically shown on the indicator.
It takes a combination of excellent service and quality water Leak Detection equipment to
detect a hidden leak. With State-of-the-art equipment and water leak detection services
Combined, we have saved billions of Litres of water leaking away
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Figure-8 Application example of Electronic acoustic rods method

5.3. Water Leak Detectors

(1) Principle of operation and application
. Leak detector catches the leak noise electrically. The principle is that a vibration pick-up
is placed on the ground detects the vibration sound of leakage transmitted underground.

. This vibration energy is converted to electrical energy and is amplified for meter
indication or detection by a headphone.

100 200 400 800 1k I Hz
Frequency —
A : Vinyl Chloride Pipe.
B : Ductile Cast Iron Pipe.

Asbestos Cement Pipe.
C : Meallic Pipes buried under a place in shallow ground.

QS

L 1 TS 1
2 Hand-set with Sensor -- .
3 Headphones ««=+--
4 Soft Case for Amplifier -
5 Shoulder Belt -
& Carrying Case -
7 Operation Manual - g

# 3-Section Contact Bar with Sensor Table (Option)

1
“q
o
1
1

Figure-9 Application example of Water Leak Detectors method
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5.4 Leak noise correlators

(1) Principle of operation and application
..The leak noise correlator is a device used to locate the point of leakage at underground
water pipes.
...Pickup sensors are placed at two measuring points on the pipeline through ~ which the
sound of leakage transmitted.
..The distance to the point of leakage from each pickup sensor is determined by
calculating the difference in the time it takes for the sound to reach each pickup sensor.

To obtain a good correlation

Figure-10 Application example of Leak noise correlator method

5.5 Sonic type pipeline detectors

This detector utilizes the property that "sound waves have a high propagation rate in water"
and is used on "nonmetallic pipes" such as asbestos cement pipes rigid polyvinyl chloride
pipes; polyethylene pipes etc. which do not conduct current, or "electrically insulated Metal
tube of a joint type "in which it is located. (Refer to Figure 11)

Sound waves propagate "signal sound waves" matching the resonance frequency of the
pipeline from fire hydrants and partition valves on the pipeline to the water in the pipeline

with a vibrator and propagate it far.
This "vibration of water" propagates on the ground-read surface as it travels through the
ground as a vibration of the pipe, so that the signal sound wave is detected on the ground

surface.

However, when the pipe is buried deep into the ground, judgment may be difficult.

In addition, we will consider preventing pipe damage of aging pipes by vibration.
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Sound generator
/

<+— Sound wave +———— 4r‘j} SEE—pey i T

Figure 11 Sonic type pipeline detection system

5.6 Impact wave

In this method, a shock is given to the water of the pipe from the valves, and the shock wave
is traced on the ground to identify the pipeline of the buried pipe.

1) Classification of exploration method

a) Striking sound injector method
b) Pressurized water method

¢) Vibration-wave water method

2) Striking sound injector method
The striking sound injector method is a piston-like striking sound injector provided at the
tip of a small-diameter water supply pipe, generates shock waves in water in the water
supply pipe, and detects vibration transmitted from the buried pipe with a sensor on the
ground surface. (Refer to Figure 12)

h ﬂ Sound of flow velocity b p | B 2Hit sound injector
— . N Lisic_ning stick fF— — ¢ ! - 3
- Sensors Ll T ) Seassr \ | ;
* = = —‘—m—m— E-\j‘&
o N 2 - 4_"~, A d 7~ - i
Water meter =~ Feeding pipe

-
P o
[v“__’v/r:eéding pipe _-Water pipe

e — T s——
- Impulse wave

W Places where Impulse wave appear well
Figure 12 Overview of Striking sound injector method
5.7 Underground radars

This underground exploration radar moves a radar device on a dolly.

While moving, the electromagnetic wave of the pulse periodically radiates to the
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underground, the weakly reflected wave that hits the object buried under the ground is
received (caught) by the receiving antenna, the ground interruption face image is displayed,
It is used to specify the burial depth (maximum about 1.5 m) and position of metal pipe /
nonmetal pipe. (Refer to Figure-13)

Monitor

Chirp optical pulses

Figure-13 Outline of underground radar

6. Flow Rate Measurement Equipment (Bulk Meters)
6.1 Characteristics of Bulk flowmeters
The flowmeter is a device that accurately measures the flow rate.
The measured value becomes the basic data of the water balance analysis, and it is used for the
calculation of Non-revenue water rate, Revenue water rate, and the water leakage amount.

The typical flow rate is shown below.
1) Flow velocity Type (For example):
Electromagnetic flowmeter, Ultrasonic flowmeter, Woltman turbine Meter, others.

2) Volumetric Type Flowmeters (For example):
Gear pump, Rotary valve pump, Piston pump, others.

6.2. Electromagnetic flow meter
(1) Principle of operation and application
The electromagnetic flow meter is capable of measuring the flow volume of a fluid by applying a
magnetic field to the fluid from the outside. As the conductive fluid flows through the magnetic

field, an electromotive force is generated perpendicularly to both the flowing direction of the
conductive fluid and the direction of magnetic field.
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Figure-14 Application example of Electromagnetic flow meters method

(2) Points to keep in mind

@ The piping is always filled with fluid and water that does not contain a large amount of
bubbles (2% or more as a guideline).

@ The diameter is selected within the optimal flow range with average flow velocity of 2 to
4m/s.

(® When the average flow velocity is less than 1 m / sec, the electromotive force is small and
the problem of accuracy tends to occur.

@ The pressure loss is the same as the pipe of the same length and is "small".

® If the flow rate decreases if the diameter is the same as the pipe diameter, use a reduction
pipe (reducer).

® Because turbulence and drift occurring at the fitting part of the pipe cause measurement
errors, rectify and equalize.

(3) Installation and operation
(D Installation of an electromagnetic flow meter.(have higher accuracy than the
mechanical meters)
@ Connect the EMFM to a pulse maker (to change volume passed from m3 to pulses)
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(® The pulse maker is connected to a web enabled to data logger
@ The data logger is connected to a router which transmits the information gathered to a
communication base through internet.

(® The communication base sends the information to an office router at step 6

(® The data is passed to the office server.

(@ Real time data as per settings easily available 24 hr internet enabled phones or a
desktop PC. (In case of no flows, abnormal flows, bursts, peak flows the user can
easily get alerts for action)

\\rim T WIT

‘mul.-lulllli '
~ il

Figure-15 Application example of Installation and operation method

6.2 Ultrasonic flow meters
(1) Principle of operation and application
The ultrasonic flow meter operates based on the difference in time required for ultrasonic waves to
be transmitted through a fluid. It consists of two transducers mounted on the outer wall of a
pipe and measures the flow rate from the transmission velocity of ultrasonic waves generated and
received by itself through the fluid
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Figure-16 Application example of Installation and operation method

(2) Points to note
Attention should be paid to considerations that affect the measurement accuracy of the ultrasonic
flowmeter.

D A channel that is always filled with fluid and does not contain a large amount of bubbles (2%
or more as a guideline).

@ The aperture should be selected within the optimum flow range with an average flow velocity
of2to4m/s.

(® There is a flow speed and pipe diameter inside the pipe, and as the flow rate is slow (flow rate
is small), the error becomes more likely to occur as the pipe diameter becomes smaller.

@ If there are scales (deposits such as rust) on the inner surface of the pipe, volume of earth and

sand, etc. the tube cross section changes and affects measurement accuracy,

® Especially when there is extreme scale adhesion or peeling of lining material, measurement
becomes difficult.

©® Measurement error will occur if the outer surface of the pipe is rough with a cast iron pipe.

(@ PVDF pipe (Poly Vinylidene fluoride fluoride resin) wall thickness of 9 mm or less, PP tube
(polypropylene tube) with wall thickness of 15 mm or less.
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SGPW pipe [Galvanized steel pipe for water supply (commonly called white gas pipe) and
lining pipe may have errors.
© Sensor installation Linear part (upstream: 10D to 50D) - Downstream: 10D) is necessary,

please confirm details with the manufacturer.

(3) Procedure of installation and inputs

(D Pipe parameters entered must be accurate; otherwise the flow meter will not work
properly.

(@ During the installation, apply enough coupling compound to bond the transducer onto the
pipe wall. While checking the signal strength and Q value, move the transducer slowly
around the mounting site until the strongest signal and maximum Q value are obtained. The
larger the pipe diameter, the more the transducer may have to be moved.

(® Check to be sure the mounting spacing is as calculated and the transducer is mounted at
the pipe's centreline on the same diameter. Note that you can adjust the spacing slightly as
described above to fine tune the device.

(@ Pay special attention to those pipes that formed by steel rolls (pipe with seams), since such

pipe is always irregular. If the signal strength is always displayed as 0.00, that means
there is no signal detected. Thus, it is necessary to check that the parameters (including all

the pipe parameters) have been entered accurately.

Check to be sure the transducer mounting method has been selected properly, the pipe is

not worn-out, and the liner is not too thick. Make sure there is there is indeed fluid in the
pipe or the transducer is not very close to a valve or elbow, and/or there are not too many
air bubbles in the fluid, etc. Once you have ruled out all these possible reasons, if there is

still no signal detected, the measurement site has to be changed.

(4) Steps for accurate Flow measuring
D Assembling the equipment.

Assemble the equipment as per the instruction manual provided for different models of flow
meters.

@ Data entry

Accurately Input the following data following the operational manual.

Flow Totalizer Display
Flow Rate/Net Totalizer
Flow Rate/Velocity

Flow Rate/POS Totalizer
Flow Rate/NEG Totalizer
Date Time/Flow Rate

Pipe Outer Perimeter
Pipe Outer Diameter
Pipe Wall Thickness
Pipe Inner Diameter
Pipe Material

Pipe Sound Velocity

Liner Material

Liner Sound Velocity
Liner Thickness
Fluid Type

Fluid Sound Velocity
Fluid Viscosity
Transducer type

After the data entry the machine computes the transducer distance.

mount the transducers
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(5) Transducer Mounting Methods
Four transducer mounting methods are available. They are respectively: V method, Z
method and N method. The V method is primarily used on small diameter pipes (DN100-
300mm, 4"-12"). The Z method is used in applications where the V method cannot work due
to poor signal or no signal detected. In addition, the Z method generally works better on
larger diameter pipes (over DN300mm, 12") or cast iron pipes. The N method is an
uncommonly used method. It is used on smaller diameter pipes (below DN5Omm, 2").

O V Method
The V method is considered as the standard method. It usually gives a more accurate
reading and is used on pipe diameters ranging from 50mm to 400mm (2"-16")
approximately. Also, it is convenient to use, but still requires proper installation of the
transducer, contact on the pipe at the pipe's centreline and equal spacing on either side
of the centreline

ansducer

Figure-17 Application example of Installation V-method

® Z Method
The signal transmitted in a Z method installation has less attenuation than a signal
transmitted with the V method. This is because the Z method utilizes a directly
transmitted (rather than reflected) signal which transverses the liquid only once. the Z
method is able to measure on pipe diameters ranging from 25mm to 1200mm (1"-
48") approximately.

Transgucerl

pipe

ransducer 2

Figure-18 Application example of Installation Z-method

(@ W-Method (not commonly used)
With the W method. the sound waves traverse the fluid twice and bounce three times off
the pipe walls. It is suitable for small pipe diameter measurement.
The measurement accuracy can be improved by extending the transit distance with the
W method (uncommonly used).
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Figure-19 Example of Installation procedure

(6) Check for Signal Strength

Signal strength indicates a detected strength of the signal both from upstream and downstream
directions.

The relevant signal strength is indicated by numbers from 00.0-99.9. 00.0 represents no signal
detected while 99.9 represent maximum signal strength. Normally, the stronger the signal strength
detected, the better the measurement.

Adjust the transducer spacing to the best position and check to ensure that enough sonic coupling
compound is applied during installation in order to obtain the maximum signal strength.

This is essentially fine tuning the calculated spacing shown in menu 25 (transducer spacing). It
may be slightly different. System normal operation requires signal strength over 60.0, which is
detected from both upstream and downstream directions.

If the signal strength detected is too low, the transducer installation position and the transducer
mounting spacing should be re-adjusted and the pipe should be re-inspected. If necessary, change
the mounting to the Z method (Z has the highest signal strength).

R-2 #8-18



Use of Non-revenue Water Investigation Equipment 2019 February

(7) Check for Signal Quality (Q value)

Q value is short for Signal Quality. It indicates the level of the signal detected. Q value is indicated
by numbers from 00-99. 00 represents the minimum signal detected while 99 represent the

maximum. The transducer position may be adjusted and enough coupling used to get the signal
quality detected as strong as possible.

(8) Data Transfer

Logged data and site conditions can be stored into internal memory.

Figure-20 Example of Data transfer procedure

(9) Mounting condition

(D When selecting a measurement site, it is important to select an area where the fluid flow
profile is fully developed to guarantee a highly accurate measurement.

Use the following guidelines to select a proper installation site:

(@ Choose a section of pipe that is always full of liquid, such as a vertical pipe with flow in the
upward and turbulent points.

Straight length of upstream | Straight length of

Hame piping downstream piping
450,
‘ LD
90° bend
Detecr
L *100
Tee N

é} e .1:1:. 10,
oituser Elﬂﬂ]:mj’
kol °

Valve = £ EﬁlE” ]I]:

Fiow conirp ed oemnsTes

Reduce

Pump

Figure-21 Example of Installation method
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6.3. Portable insert type flow meter
Used to measure flow rates, fluid velocity, flowing direction, and water pressure by
inserting it to a pipeline. A connection has to be done on the pipeline

Figure-22 Example of Portable insert type flow meters

7. Bulk Flow Meters
7-1 Woltman Turbine Meters
7-1-1 Principle of operation and application
The axial flow type flowmeter is installed with a turbine wheel / blade wheel in the pipe flow,

rotates at a speed substantially proportional to the flow rate, and integrates the flow rate from
this rotation number.

Glass i
Indication part
Measuring room _

Striner
!

Supplementary
pipe

Figure-23 Example of Vertical Woltman Meters

Figure-24 Example of Horizontal Woltman Meters
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Tmpeller
-

P

- Figure 25 Example of Trbine Meters (Bermd Co.,LTD)

7-1-2 Bermad’s Meter Installed DFM (ES-Waternet Co., LTD.)
(1) Outline
This model Woltman Turbine Meter is installed DFM next to the acuminate meter.
The number of rotations of this turbine blade has accumulated volume of water displayed by
upside Register.
By connecting two wires from Register to DFM, the digital display of both accumulate volume
of water and the instantaneous volume of water is carried out.

(2) Features

@ Dry type register (Water meter): Hermetically sealed and adjustable to any position (360° )
for easy reading

(2 Magnetic transmission keeps the register completely separate from water, only the impeller
and transmission shaft contact water

@ Digital flow meter (DFM) was designed for flow rate display while connected to the Woltman
Turbine Meter register pulse output device.

@ Volume and flow rate units, decimal point, volume per pulse and output specifications are

factory set.
(® Meets or exceeds all relevant metrological standards including ISO 4064 class B, EEC
=

Figure 26 Example of EMBU’s Trbine Meters
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7-1-3 What is DFM?
(1) General
The Digital Flow Meter (DFM) is designed for Flow display while connected to a Flow Meter
generated the pulse output by magnet force

Specifications;
(1) Display: Digital cumulated
number / Instantaneous flow

(2) Unit range:
Total volume (m? or Liter) ; |
Flow rate (m’hr or L/hr or |

L/sec) BT LA

L« Dig’ Pl Meser (D)

(3) Digital Flow Meter (DFM) hasa | = U
built-in TADIRAN lithium
battery ; TADIRAN lithium—
3.6V, TL-5903/P, ISRAL

(2) Reassembling the DFM
(D Connect the reed switch two-wire cable to the terminal at the DFM bottom to the "reed"
location number 1&2 according to the sticker.
(@ In case terminal sealing is required, fill the terminal chamber using sealing material such as
Silicon.
(3 Push the DFM down and turn it clockwise.

(@ Retighten the sealing screw and seal the register if required.

NOTE:
Make sure the DFM operates properly before sealing

Input  autput
reed
D2 D@

DFM Latch

Completion of connection

Connection location

DFM Latch DFM

¢

Location on DFM

Example of Fixing New DFM for Small size meters

Figure 27 Example of Details of DFM’s Connections
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(3) Replacing The Lithium Battery
This battery is not changeable so periodical DFM replacement is required.

@ Warning
(Replacing the lithium battery is dangerous, be sure to do it at a special factory)

Puwer Supply: Intemal attery
[T

f | / A Agcymulate Meter

erformance

1

€ ES-WATERKET 0,570,

Figure-29 Speciation of Woltman Water meter Installed DFM
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head loss im)

Omin ot on Omax
Flow {m3/h)

Figure-30 Accuracy Curve

Table-1 Example of Specification of Woltman Water Meter

oll IS T I I
50 | 65 | 80 | 100

Qn - Nominal flow rate (IS0 4064) (m¥/h) 40 r B0

Qp - Max, Parmanant flow (m3/h) B0 100

Gzl E ek s & | 120

Mex, i dutp ey 20| 200

Ot - Transmition flow rate (=2%)  (m3/h) 8 [ 12

Qmin - Min, flow rate (£5%) 2] 18

{180 4084) (m¥h) 1o

Flowrale ap=01bar___(myh)_| 3 | a0 |85 | 60| o0 | 720 | 300 | 600 [ 850 |1
Max, reading m3 1,000,000 10,000,000

Min. reading (Itar) 1 10

Table-2 Example of Dimensions and weights of Woltman Water Meter

S [21/2°] 3" | 4" | 5" | 6" | &" LL{I_'JL

[ 50 | B5 | 80 | 100 125 150|200 | 250 300 | 400 500

1SO | ANSI/BSTD

L - Length (mm) | 260 |200| 310 | 200|225 | 250 | 250 | 300 | 350 | 450] 500 | 500 5
H - Height {mm) | 268 | 275 270 285|295 | 304 | 318 | 366 | 393 | 512 534 | 669
Hi-Height (mm) | 338 | 345| 340 | 355365 | 374 | 388 | 436 | 463 | 582 604 | 730 &

h - Height (mm)| 68 | 75 70 85 | 95 | 104 | 118|135 | 162 | 184 216 | 304
W - Width (mm) | 160 [170[ 160 [ 100[200 | 230 | 250 | 285 [ 240 | 305 445 | 600
Weight  (kg) | 13 | 12 15 14 | 16 | 19| 20 | 36 | 52 | 105120 | 187
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SCREW
FOR SEAL
No.2

97
MEASURING
ELEMENT
ASSY.

LIFTING
EYE BOLT

GASKET

7

L /" HBit Bolt
95 MEASURING No.3
ELEMENT ASSY.yiTHOUT COVER

Sizes: FOR DN 400-500 mm (16" - 20") ONLY

Figure-31 Structure Drawing of Meter

I it

Figure-32 Image diagram of pulse generation mechanism (Resister/Accumulate meter)
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Dy Water Merer
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Figure -33 Detail Example of Structure of Flowmeter

7-1-4 Installation (See Fig. 33)
D Allow enough room around the Meter for any maintenance/disassembly work in future.

(@ In order to prevent falling, remove oil and grease completely around the place where the Meter is

installed.
@ thoroughly flush the pipeline to remove debris, etc. prior to installing. Failure to do this may

result in the meter malfunction.
@ Tsolation valves should be installed at upstream and downstream sides of the Meter to allow for

future maintenance.
® Installation of a strainer or a filter is recommended at upstream side of the Meter to eliminate

debris that could damage or stop operation of the measuring elements.
(® Install the Meter for the proper direction in accordance with the flow direction arrow mark on the

valve body.
(@ After installation, carefully inspect/correct any damaged accessories, piping, tubing, or fittings.

Make sure that the Meter works normally with test watering before use.

(© Ensure that the Meter is full of water during measuring.
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@ Proper installation helps maximize the accuracy and lifespan of the Woltman Turbine Meter. All

turbine meters are sensitive to turbulent conditions caused by diameter changes, pumps,

tees, valves etc. Therefore, install the meter far from these disturbances and
according to the following specifications;

e
i 1 wnr =B I

5 % nominal 3 x nominal
diameter {min.) diameter (min.)
Flow direction " +

Figure-34 Recommended Installation Diagram
7-1-5 Maintenance

A periodic inspection schedule should be established to determine how the flow, the foreign
materials and etc. are affecting the Meter.

The maintenance items and recommended frequency are shown below.

®NOTE:

(1) The performance of the flowmeter needs to be confirmed every year at KESB.
Warnin

(Replacing the lithium battery is dangerous, be sure to do it at a special factory)

Table-3 Maintenance items and frequency of the water meter recommended by the manufacturer

ITEM FREQUENCY
Disassemble Once/ 6-month
Sealing: leakage or not Once/ year
Flow rate (compare with pumps etc.) Once/ year
Corrosion: existence or not Once/ year
Digital Flow Meter (DFM) : Replace * Once/3---5 years

Table-4 Typical Trouble shooting

PHENOMENON CAUSE MEASURE

The flow direction is wrong. Change the Meter direction as specified.

The straight lines for both upstream

. Confirm the length of straight lines.
Flow rate does not meet | and downstream is not enough.

the actual flow rate. . . . Confirm the flow rate range of the Meter and
Flow rate is out of specification.
actual flow rate.

Impeller does not rotate smoothly. Clean or replace the measuring element assy.
DFM display disappears | DFM battery is out of charge. Replace DFM.
Screw is loosened. Retighten screws on the cover.

Abnormal sound /

o o Install or check air valve.
vibration Pipeline is abnormal.

Check the pipeline.
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8. Pressure Measuring Equipment
8.1 Bourdon-tube pressure gauge
(1) Principle of operation and application
Pressure is applied on the lower induction part. Curved Bourdon tube expands. End of tube
widens and the rod and rod pin lever push up on the bottom of the indicator to displace it around
the center.

The Bourdon tube pressure gauge (Bourdon gauge) transmits (links) the operation in which the
coiled part (Bourdon tube) "stretches or returns" according to pressure to the display needle
directly with the internal gear, and the pressure is displayed.

Points to remember
(a)When measuring the water pressure of a fluid containing chlorine gas, a diaphragm
pressure gauge is preferable.

(b) Diaphragm type is a type in which a membrane of a thin plate is placed between the
measuring fluid and the indicator and the degree of bulging or recessing of the diaphragm
by pressure is displayed as pressure.

(c) When the water pressure fluctuation is high, use a vibration resistant pressure gauge.

Bourdon Tube Type Diaphragm Type High-pressure Type

Figure 35 Type of mechanical pressure gauge

8.2 Self-recording water pressure gauge

(1) Principle of operation and application
This measuring instrument is a device that measures the hydraulic pressure of a fire hydrant
by connecting to a hydraulic fitting of a fire hydrant with a dedicated connecting fitting
(coupling) with a water pressure sensor. (Refer to Figure 36)

The recorder is a "pen" attached to an arm interlocking with expansion and contraction of a
Bourdon tube, and it has both fixed and portable. Recording paper is preferred to be a

recorder that can record for over 24 hours with built-in clock.

Used to record water pressure in the pipeline and record by plotting on a paper provided.
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IF vl
e

Figure 36 Example of Self-recording water pressure gauges

Figure 37 Example of Water pressure data loggers

(2) Application
8.3. Water pressure data logger It is used in the monitoring and reporting of pressure levels for the following Potable Water
Applications:
(1) Principle of operation and application

1 . . @ District Metering Areas (DMA) and General pressure Logging
The water pressure loggers make it easy to verify low water pressure complaints, locate water
(@ Demand Managements Assessments

pressure spikes, and even provide water distribution system modelling data. The water pressure

logger' large memory buffer will store over a huge amount of water pressure readings with user @ Customer Metering Diagnostics

defined intervals from 1 per second to more than 1 per year. @ Pressure mapping
You can easily capture momentary pressure spikes and dips with the water pressure logger's fast, (3) Procedure
10 water pressure samples per second sampling mode. (Note: fast recording will reduce battery (@ Software installation
life.)

NOTE: Water Pressure Data Loggers are equipped with a standard USB data port and includes

Used to record water pressure changes over an extended period user friendly Windows software, which allows for easy setup, calibration, upload, and

water pressure data transfer to a spreadsheet program on your laptop or desktop PC.
Pressure loggers have programmable start and stop alarm times makes it possible to synchronize They includes a USB cable for communication between the water pressure logger and
multiple water pressure data loggers to start at the same time, delay starting until a present time, your computer.
or limit the number of recordings during a day.
gs g a cay NOTE:
Pressure data loggers can record water pressure data just about anywhere you need it as most of Different loggers use different software the user should use the guidelines given to install software
them are harsh weather resistant.
@ Data input (set up)

This involves configuring the logger using the installed software to facilitate data
collection in the field. This includes Channels to be used, transducer data, logging
intervals, start time, pressure units etc. Finally upload the logger.

Target' for Infra-
Red Reader Infra-Red

Reading head

Infra-Red
Whincdoar

Logger Inputs

Logger Input

Figure 38 Example of Software installation
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(® Data collection
The logger is water resistant but it is advisable to install it in chamber or box.
Use the pressure flex tubes connect the logger to the tapping point as described below.
Logging will start automatically as per set time.

(a) Connect the data logger to a computer using the infra-red cable and follow steps
provided.

alllln aimm Wi Bimm BDGR momm miame  mee Gine miem mim mene momme aiee
ey Tomy

o

Figure-39 Example of Pressure graphs

(4) Maintenance
Check the batteries frequently and calibrate the equipment as per recommended
logging hour's expiry.

(5) Other related equipment
(D Under-pressure Pipe tapping machine
@ Portable Meter tester
(@ Portable Pressure tester
@ Pipe Thickness meter
® Pressure Reducing/ Control valve
® GPS
(D Residual chlorine meter
Conductivity meter
-END-
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3-2 The International Water Balance

The Figure below shows the International Water Balance

Billed Billed Metered Consumption

¢ Revenue

Authorized Water

) Consumption Billed Unmetered Consumption
Authorized
Consumption
o Unbilled Unbilled Metered Consumption
Authorized
System Consumption Unbilled Unmetered Consumption
Input
Volume Commercial Unauthorized Consumption

(corrected for (Apparent) oy
known errors) T Customer Metering Inaccuracies and Revenue
Data Handling Errors Water

Water Leakage on Transmission and/or (NRW)

Losses Distribution Mains
Physical (Real) Leakage and Overflows at Utility’s
Losses Storage Tanks
Leakage on Service Connections up to
Point of Custs Use

Figure 1: Recommended Water Balance with focus on Apparent Losses

3-3 Water Balance Definitions

In the following, all terms used in the Figure above are listed in hierarchical order — as one would
read the water balance form from left to right. Some of the terms are self-explanatory but are still

listed and briefly explained in order to having a complete list available.

(1) System Input Volume
The volume of treated water input to that part of the water supply system to which the water

balance calculation relates.

(2) Authorized Consumption
The volume of metered and/or unmetered water taken by registered customers, the water
supplier and others who are implicitly or explicitly authorized to do so by the water supplier,
for residential, commercial and industrial purposes. It also includes water exported across
operational boundaries.
Authorized consumption may include items such as fire fighting and training, flushing of mains
and sewers, street cleaning, watering of municipal gardens, public fountains, frost protection,

building water, etc. These may be billed or unbilled, metered or unmetered.
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(3) Water Losses

The difference between System Input and Authorized Consumption. Water losses can be
considered as a total volume for the whole system, or for partial systems such as transmission
or distribution schemes, or individual zones. Water Losses consist of Physical (Real) Losses

and Commercial (Apparent) Losses.

(4) Billed Authorized Consumption

Those components of Authorized Consumption which are billed and produce revenue (also
known as Revenue Water). Equal to Billed Metered Consumption plus Billed Unmetered

Consumption.

(5) Unbilled Authorized Consumption

Those components of Authorized Consumption which are legitimate but not billed and
therefore do not produce revenue. Equal to Unbilled Metered Consumption plus Unbilled

Unmetered Consumption.

(6) Commercial (Apparent) Losses

Includes all types of inaccuracies associated with customer metering as well as data handling
errors (meter reading and billing), plus unauthorized consumption (theft or illegal use).
Note: Over-registration of customer meters, leads to under-estimation of Physical (Real) Losses.

Under-registration of customer meters, leads to over-estimation of Physical (Real) Losses.

(7) Physical (Real) Losses

Physical water losses from the pressurized system and the utility’s storage tanks, up to the point
of customer use. In metered systems this is the customer meter, in unmetered situations this is
the first point of use (tap) within the property.

The annual volume lost through all types of leaks, breaks and overflows depends on frequencies,
flow rates, and average duration of individual leaks, breaks and overflows.

Note: Although leakage, after the point of customer use, are excluded from the assessment of
Physical Losses, this does not necessarily mean that they are not significant or worthy of

attention for demand management purpose.
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(8) Billed Metered Consumption
All metered consumption which is also billed. This includes all groups of customers such as
domestic, commercial, industrial or institutional and also includes water transferred across

operational boundaries (water exported) which is metered and billed.

(9) Billed Unmetered Consumption
All billed consumption which is calculated based on estimates or norms but is not metered. This
might be a very small component in fully metered systems (for example billing based on
estimates for the period a customer meter is out of order) but can be the key consumption
component in systems without universal metering. This component might also include water

transferred across operational boundaries (water exported) which is unmetered but billed.

(10) Unbilled Metered Consumption
Metered Consumption which is for any reason unbilled. This might for example include
metered consumption by the utility itself or water provided to institutions free of charge,
including water transferred across operational boundaries (water exported) which is metered but

unbilled.

(11) Unbilled Unmetered Consumption
Any kind of Authorized Consumption which is neither billed nor metered. This component
typically includes items such as fire fighting, flushing of mains and sewers, street cleaning,
frost protection, etc. In a well run utility it is a small component which is very often
substantially overestimated. Theoretically this might also include water transferred across
operational boundaries (water exported) which is unmetered and unbilled — although this is an

unlikely case.

(12) Unauthorized Consumption
Any unauthorized use of water. This may include illegal water withdrawal from hydrants (for
example for construction purposes), illegal connections, bypasses to consumption meters or

meter tampering.
(13) Customer Metering Inaccuracies and Data Handling Errors

Commercial (Apparent) Water Losses caused by customer meter inaccuracies and data

handling errors in the meter reading and billing system.
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(14) Leakage on Transmission and/or Distribution Mains
Water lost from leaks and breaks on transmission and distribution pipelines. These might
either be small leaks which are still unreported (e.g. leaking joints) or large breaks which were

reported and repaired but did leak for a certain period before that.

(15) Leakage and Overflows at Utility’s Storage Tanks
Water lost from leaking storage tank structures or overflows of such tanks caused by e.g.

operational or technical problems.

(16) Leakage on Service Connections up to point of Customer Metering
Water lost from leaks and breaks of service connections from (and including) the tapping
point until the point of customer use. In metered systems this is the customer meter, in
unmetered situations this is the first point of use (tap) within the property. Leakage on service
connections might be reported breaks but will predominately be small leaks which do not

surface and which run for long periods (often years).

(17) Revenue Water
Those components of Authorized Consumption which are billed and produce revenue (also
known as Billed Authorized Consumption). Equal to Billed Metered Consumption plus Billed

Unmetered Consumption.

(18) Non-Revenue Water
Those components of System Input which are not billed and do not produce revenue. Equal to
Unbilled Authorized Consumption plus Physical (Real) and Commercial (Apparent) Water

Losses.

4. Water Balance and Apparent Losses
4-1 Introduction
The need for water loss management or water loss reduction should be the aim of every water utility
since it leads to improved economic, ecological efficiency and better service for customers. Before
developing a water loss reduction strategy, decision-makers should be aware of the need to provide
financial and personnel resources to reduce water losses. From the perspective of a water utility, the

following objectives justify increased expenditure on water loss management:

4-2 Objectives of Water Loss Management
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(1) Operating cost efficiency:
A well-maintained water distribution system will require fewer repairs, lower production costs

and prevent compensation payments.

(2) Capital cost efficiency:
A lack of maintenance and intermittent operation increase wear and tear on pipes, valves and
meters. Improved supply will extend the service life of the system components and lead to lower

fixed costs for the water utility in the long run.

(3) Improved metering and billing:
Fewer leaks and an improved supply situation may also have positive effects on apparent water

losses because air inside the distribution system can cause metering errors.

(4) Reduced health risks:
Sewage and other pollutants can infiltrate the pipe system through leaks and trigger water-borne

diseases in low-pressure systems or in the case of intermittent operation.

(5) Reduced ecological stress:
Finally, the development of a water loss reduction strategy makes sense from an ecological point of
view. In the case of scarce or over-exploited water resources, water losses should be reduced to

decrease the stress on these resources.

(6) Increased security of supply:

A well-maintained system with fewer leaks and bursts will increase the supply guarantee.

(7) Less infrastructural damages:

Leakage might create voids below ground which can lead roads and buildings to collapse.
(8) Reduced loads on sewers:

Infiltration of water lost to sewers places an additional load on sewer pipes and wastewater

treatment plants.
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(9) Improved consumer satisfaction:
In addition to poor water quality, inadequate quantity and health risks, leakages also decrease the
pressure at customers’ appliances. Enhancing the supply service will improve customer

satisfaction and willingness to pay.
(10) Publicity and willingness to pay:

Fewer bursts, increased security of supply and hygienic conditions will enhance the public’s

perception of the water utility. This may also positively affect the consumers’ willingness to pay.

Typical Losses From A Water Supply System

: Physical losses Commercial losses ’
T

Treatment Services Distribution Meters Billing Collections

Works Reservoirs System

« Trunk Mains Leaks + Leaks Leaks from: « Reading Errors +Admin.Errors  « Admin. Errors
« lllegal Connections = Overflow * Mains « Slow Running Metter = Data Entry Errors
* Unrecorded Users » Services Pipes  « Tampering With Meters = Delays

« Booster Stations « Broken Meters + Loss of Records

+ Service Tanks « No meters

* Pipes * lllegal Connections:

* AirValves

« Washout Valves

* Hydrants

Figure 2: Typical Losses from a Water Supply System

4-3 Reasons for using the Water Balance format in Figure 1
The differences in the four Apparent Losses components in Figure 1 allow for unmetered customers,
and a breakdown of customer metering inaccuracies into the loss due to the water meters themselves
and the management of the water meters (such as poor installation or poor meter reading practices).
They can be summarized as: -
= Unauthorized consumption refers to unregistered service connections and various types of

fraud on the registered service connections (including public equipment).
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= Customer Metering Errors refers to the errors generated by the water meters themselves but

not by the management of the water meters

= Errors in Estimates of unmetered consumption refers to the errors generated by the
estimates of unmetered consumption. This point is very important in the case of systems that
are not metered or not fully metered.

= Errors throughout the Data Acquisition Process refers to the errors that may be generated
at the various stage of the data acquisition process such as data capture, data transmittal, data

processing, data manipulation, etc.

4-4 Commercially-Oriented Water Balance
The IWA water balance in Figure 1 is “technically-oriented” as it is based on the continuity of water
flow (i.e. mass balance), but not “commercially-oriented” (i.e. taking into account the value or cost of
the water). For instance, one point that is not taken into account is that the volume of water that is
billed and not paid by the customers could be considered as a component of non-revenue water.
This definition may lead to an alternative definition of NRW. NRW would consist of the four

components: Real Losses, Apparent Losses, Unbilled Authorized Consumption and Unpaid Bills.

4-5 Focusing on Unbilled Authorized Consumption (UAC)
Unbilled authorized consumption (UAC) is an NRW component but not a water loss component.
However, it is not recommended to calculate the water balance without a good understanding and

evaluation of the unbilled authorized consumption. UAC may be classified into two categories:

= Water used for servicing or field operation: any Water Utility has to use water for its own

operational needs.

= Water provided free of charge: The Water Utility may provide water free of charge to
various consumers or categories of customers: some administrative or religious premises, its
own employees, etc. Such practice may be based either on habits and customs or on legal

provisions. Whatever the causes, it needs to be listed and quantified.
Consumption free of charge is a concept that may be quite different according to the country, its law,

its tradition or its culture. However, it is also important to list and quantify it in order to design the

water balance.
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Table 1: Examples of Unbilled Authorized Consumption (UAC)

Unbilled Authorized Consumption Selected Examples

1 2 3 4

Tank Cleaning Unmetered Regular Cleaning of Service Reservoirs

Pipe Cleaning Unmetered Flushing of Pipes to Improve Water Quality in

Distribution ‘Dead Ends’

Discharge Unmetered
Servicing (Or Hydrant Tests Unmetered Flow and Pressure Test at Hydrants
Field
Operation) Water Treatment Metered/ Unmetered | Backwashing of Filters

Devices

Others Metered/ Unmetered | Fire Fighting

Utility Staff Metered/ Unmetered | Municipal/Water Authority Housing
Consumption Admin. Customers | Metered/ Unmetered | Government Buildings
free of Charge

Others Metered/ Unmetered

4.6. Focusing on Apparent Losses (AL)
Apparent losses are classified according to the following categories: unauthorized consumption,
customer metering errors, errors in estimates of unmetered consumption, and errors linked to
the data acquisition process. Table 2 lists and describes different causes that may impact the level of
apparent loss in each category
It is important to note that some components of apparent losses can be either positive or negative. For
instance, a water meter may over register in some specific conditions; similarly, unmetered authorized
consumption may be over-estimated or under-estimated. This list clearly shows that measurement is

the core issue in terms of apparent losses. Defective measurement generates apparent losses: -

(1) Meter error relates to water meter precision and uncertainty

(2) Poor estimate of unmetered consumption relates to the lack of water meter on the service
connections

(3) Unauthorized consumption is generally not metered

(4) Data handling errors are due to measurement errors at the various stage of the data acquisition

process: data capture, data collection; data transmittance, data processing and manipulation.

Therefore, the topic of the reliability of the measurement is essential for the establishment of water
balances.
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Table 2: Apparent Losses (AL): Components and Causes

Apparent Losses

1 2 3 Description
Unauthorized  [Registered Meter by-pass Unauthorized parallel, unmetered flow of water alongside the
consumption customers meter.
Additional Unregistered Case of double connection: one is registered, the other is not
connections
Disconnected customers Very frequent source of apparent loss in case of poor customer
illegally/unauthorized management: specially when disconnected connection are never
reconnected checked
Non-active customers As above
illegally/unauthorized
reconnected
Unregistered Unregistered (illegal) Also called illegal (or clandestine) connection
customers connection
Unregistered consumption
in low income areas
Network Water theft from hydrants
equipment or other equipment

Customer
Metering Errors

Meter errors

Intrinsic errors

Error of indication of a water meter determined under reference
conditions (ISO 4064: 2005)

Aging

Change in the performance characteristics of the meter, due to the
historic operational conditions of the meter.

Inappropriate meter
installation

Installation of a meter outside the limits of the reference conditions
of the meter's pattern approval and/or the installation requirements
stipulated by the manufacturer

Inappropriate sizing

Incorrect matching of meter's specified flow range with the range
of water demands associated with the particular user

Impact of customer's in-
house installation

Effect of the downstream-connected installation on the error of the
metered volume passed through the meter. (E.g. storage tank etc.).

Meter* Meter out of operation Stopped meters
management
Errors in meter reading Error in reading of the meter display: incorrect reading of the value
on the meter display.
Invented meter reading Intentionally incorrect reading of the value on the meter display.

Errors in Unmetered Misestimate of current
estimates of service unmetered connections
unmetered connections
consumption Meters out of Misestimate in the case of

operation meter out of operation
Errors linked to |Data Capture Measurement errors* Related to the selection, sizing and calibration of meters
Data L Data Reading and signal path Errors associated with the conversion of the data at various points
Acquisition Collection and  |errors along the pathway it is required to travel. Water meter lag
Proce;s (data Transmittance
handling errors) D — - - —

ata Statistical errors Errors associated with the lack of data validation processes

Processing

Data Understanding errors Misinterpretation of the data and its true meaning

Manipulation

Application Application errors Incorrect application of the data and not using statistically

errors representative samples.

(*) these errors may be also registered as errors linked to data acquisition system or handling errors
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5. Reducing Apparent (Commercial) Losses

The elements of Apparent (commercial) losses are: -

(1) Customer meter inaccuracies

(2) Unauthorized consumption; illegal connections, theft and fraud

(3) Customer data base (accounting) errors

(4) Data collection (meter reading) and data transfer errors.

Current Level of Apparent Losses

Errors throughout

Data Acguisition

Economic Lewvel
of Apparent Losses

Process

Unawoidable Lewel
of Apparent Losses

Figure 3: Cause of Losses

Unauthorised
Consumption

6. Controlling Apparent / Non-physical / Commercial Losses

6-1 Customer Metering Policy, Dealing with Inaccuracies

Customer Metering is generally a “Win/Win “Situation... since it: -

(1) Encourages sensible of water use

2018 Aug.

Errors on estimate
of Unmetered
Consumption

(2) Is essential for reducing water consumption through demand management

(3) Fairness: customers pay for true consumption

(4) Generates vital information for use by Wsps.

.... But not necessarily so in Every Situation —Questions are: -

(5) Cost effectiveness if tariffs are very low?

(6) Cost of maintenance and replacement?

(7) Can we afford to buy, maintain and read meters for all customers?
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(8) Corrupt meter readers? 7. Meter Errors

(9) Multi-story buildings: where to meter and whom to bill?

..... But don’t give up Control: Some General Principles
(10) Introduce metering in stages, meter large customers first
(11) Don’t rely on “normed” or “assumed” per capita consumption for billing purposes

(12) Sample customer groups —one month, one week -to get a better idea on consumption and establish

realistic figures for billing * [nspect of Customer Water Meter its
operation, registration, location, etc.

(13) Meter districts, apartment blocks, and poor settlements (as a whole)

(14) The Many Causes of Meter Inaccuracies

Wrong installation layout

Poor materials, improper installation

Poor water quality, intermittent supply

Unsuitable size, meter flow profile

Inappropriate class and type of meter

Spinning or jetting

= Roof Tanks
= Lack of proper maintenance/replacement. s |nstall customer water meters to
= Reduction of Commercial Losses all customers (Gradually move

towards 100% installation).

Focusing on reducing commercial losses can reduce NRW ratio to as low as about 30%,

s Replace all aged and non-functioning
meters with new ones
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7-1 How to address Customer Meter Inaccuracy

Inaccurate meters tend to under-register water consumption—Ileading to reduced sales and reduced

revenue. Rarely do meters over-register consumption. Utilities should focus initially on large customers,

such as industrial or commercial users, since they consume a larger volume of water and often pay a

higher tariff. Using data from accurate meters to bill customers, rather than charging them based on an

assumed per capita basis, ensures that customers are charged according to their actual consumption and

encourages them to preserve water. The following are common problems with customer meter

accuracies and solutions for utilities.

(1) Installing Meters Properly

Meters should be installed properly according to the manufacturer’s
specifications. For example, some meters require a specific straight
length of pipe upstream and downstream of the meter. Therefore, a
standard meter stand should be designed and constructed onsite.
Utilities should purchase the meters on the customers’ behalf, so that
only standard, high quality meters are used.

Meters should also be installed where meter readers can easily read

them, and where it is easy to identify each property’s meter. In

addition, the management and staff responsible for meter installations should be trained on proper handling of

meters.

(2) Monitoring Water Quality

=

Poor water quality—resulting from poor raw water, inadequate
treatment processes, or dirt infiltration due to pipe shutdowns—may
cause sediments to form in the pipes. These sediments can also build
up on the internal parts of meters, especially mechanical meters. The
buildup in sediment affects the meter’s accuracy by increasing
friction losses, which causes the meter to run more slowly and thus
under-register consumption. Utilities must regularly monitor water
quality and clean mechanical meters to minimize sediment levels

and promote accurate meter measurements.

(3) Meter servicing this is essential, especially in areas of poor water quality. The accuracy of

mechanical meters changes over time as the mechanical bearings wear down, causing friction to

increase and thus the meters to under-register. These changes will occur over a number of years,
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depending on the quality of the meter. Testing a range of meter brands and ages with a calibrated

meter test bench will determine which meters should be replaced.

(4) Monitoring Intermittent Water Supply

Where water supply is intermittent, i.e. the customer receives water only a few hours a day.
Customer meters will register a certain volume of air when the water supply is first turned on. In
addition, the sudden large increase in pressure can damage the meter’s components. Intermittent
supply should be avoided for a number of reasons, including the negative impact on customer meter

accuracy.

(5) Sizing Meters Properly

Customer meters work within a defined flow range, with the maximum and minimum flows
specified by each manufacturer. Large meters will not register low flows when the flow rate is lower
than the specified minimum. Therefore, utilities should conduct customer surveys to understand the
nature of each customer’s water demand and their likely consumption. This information helps to
determine the proper meter size for households and businesses. For customers with a high demand,
checking the flow pattern and the newly installed meter verifies whether the correct meter size is
used.

Problems with low flows can occur when a storage tank, with the water flow controlled by a ball or
float valve, is installed on the customer’s premises. These valves operate by slowly closing as the
water level in the tank rises, which has the effect of reducing the flow through the meter, often below
the minimum flow specification. This problem is compounded even further if the size of the storage
tank is large in comparison to the customer’s consumption because the ball or float valve will never

fully open and the flow through the meter will be continually low.

(6) Maintaining and Replacing Meters Properly

All meters should be installed above ground and located where they can
be audited easily, including by the meter readers during their regular
rounds. The utility should replace the meters systematically, beginning
with the oldest meters and those in the worst condition. Poor maintenance
will not only encourage inaccuracy but may shorten the life span of the
meter. A scheduled maintenance and replacement programme should be
in place to manage this problem.

Meter servicing is crucial in areas of poor water quality. The accuracy of

mechanical meters changes over time as the mechanical bearings wear down, causing friction to
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increase and thus the meters to under-register. These changes will occur over a number of years,
depending on the quality of meter. The water utility should regularly test a sample of its customer
meters, including a range of meter brands and ages, using a calibrated meter test bench. This testing

will determine the optimum age at which customer meters should be replaced.

(7) Addressing Meter Tampering

Although water tariffs in Kenya are relatively low, customers still
tamper with their meters to lower the measured volume. Customers may
insert pins or other objects into the meter to disturb its moving parts or
affect the readings of metal meters by attaching a strong magnet to it.
Most reputable meter manufacturers now produce meters that are
extremely tamper resistant, with non-metallic parts, strong clear plastic
windows, and impenetrable casings. Although these meters may cost a

bit more, reduced tampering helps to reduce commercial water losses.

For properties with older meters that are not as tamper-resistant, utility managers should conduct
customer surveys to assess expected water usage according to the number of household occupants or
the nature of businesses in commercial areas. A comparison of expected and actual water use will

highlight cases of likely meter tampering.

7-2 How to Minimize Meter Under- Registration.
The service provider can take the following measures to prevent or minimize meter under- registration: -
(D Choose meters that are known for quality and durability
@ Choose the right size meter for the customer flow: meters that are too large may not register
all of the flow

® Install meters according to manufacturer’s specifications in convenient locations
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@ Regularly monitor water quality and clean mechanical meters to promote accurate meter
measurements
® Avoid intermittent supply
©® Replace meters systematically, beginning with the oldest meters and those in the worst
condition.
The initial focus should be on large customers, such as industrial or commercial users who will likely

prove beneficial since they consume a larger volume of water and often pay a higher tariff.

(1) Unauthorized Consumption
Unauthorized consumption includes illegal connections, meter bypassing, illegal use of hydrants,
and poor billing collection systems. The following paragraphs describe common problems and

possible solutions.

(2) How to find and Reduce Illegal Connections

Illegal connections involve the physical installation of a
connection to water distribution pipelines without the knowledge
and approval of the water utility. Illegal connections can occur
during the installation of a new supply connection, or sometimes
the customer’s supply is cut off after non-payment and the
customer cannot afford, or does not want to pay, to be
reconnected.

During customer awareness programmes, customers should be

encouraged to report illegal connections, and regulations should

- - k.
be in place to penalize the water thieves. Meter readers should also report cases of direct connections

without accompanying meters that they see during their rounds.

(3) How to Tackle Meter Bypassing
Some customers try to reduce their water bills by using a meter bypass, which is an additional pipe
installed around the meter. This bypass pipe is often buried and very difficult to detect. This type of
unauthorized consumption is usually committed by industrial and commercial premises, where only
a small volume of the consumption goes through the meter and the rest through the bypass pipe.
Because large customers tend to steal large volumes of water, the discrepancy will show up when the
utility conducts a flow balance analysis. The utility should then undertake customer surveys and

leakage step tests to determine where the missing flow occurs.
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(4) Preventing Illegal Use of Fire Hydrants
Although the only legal use of fire hydrants is for firefighting, some use them illegally to fill tankers
(normally at night) or to provide water supply to construction sites. The utility staff can detect these
flows, often high volume over a short period of time, through appropriate flow measurements at
DMA meters. Such high flows are not only incidences of water theft, but also a detriment to the pipe
network and water quality, which affects the service to the customer.
Through customer awareness programs, the utility staff should encourage customers to report cases
of illegal uses of fire hydrants. In addition, the utility manager needs to cooperate with relevant local
agencies or departments to identify owners of tankers suspected of drawing water illegally and
without proper permission. Developing and enforcing regulations to penalize water thieves together

with local agencies will also deter unauthorized consumption.

7-3 How to Reduce Water Theft
People steal water when they make an illegal connection to the network or tamper with the meter. The
techniques one can use in order to reduce water theft include: -

(D Use tamper resistant meters (see Meter Reading Errors) or install seals that indicate tampering
has occurred.

(@ Remove meter by-passes. A bypass pipe is often buried and very difficult to detect. This type of
unauthorized consumption is usually committed by industrial and commercial premises, where
only a small volume of the consumption goes through the meter and the rest through the bypass
pipe. The discrepancy will show up when the utility conducts a flow balance analysis.

® Find and reduce illegal connections. They can occur during the installation of a new supply
connection, or sometimes the customer’s supply is cut off after non-payment he or she cannot
afford, or does not want to pay, to be reconnected.

@ Prevent illegal use of fire hydrants. Some use them illegally to fill tankers (normally at night) or
to provide water supply to construction sites. Encourage customers to report cases of illegal

uses of fire hydrants.

7-4 How to Avoiding Corrupt Meter Readers
Corrupt meter readers can significantly impact a utility’s monthly billed consumption. For instance,
the same meter reader who walks the same route for an extended period of time, thus becoming
familiar with the customers and their monthly billed consumption, may collude with those customers
to record lower meter readings in exchange for a monetary incentive. To reduce this risk, the utility

manager needs to rotate meter readers to different routes on a regular basis.
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8. Actively Checking the Customer Billing System

Sometimes connections are made legally, but the billing
department is not notified of the new connection; therefore, the
customer is never billed. These unregistered customers can be
detected during the regular meter reading cycle when diligent
meter readers find meters that are not in their reading book.

However, this process may not identify all of the errors in the

billing system.

Financial Resources Water Facilites Customer Wal‘er
Provider
Custermer Mete A

. Operation and
.. +Subsidy Construction
Financial y Maintenance Water Payment of
“Ownresources [~ Costof [ i R Water Bill
Resources |, o orceas Funds Faciity Costs of Facility Distribution ater Bil
(OM Cost)
Meter Reading | Issue of Water Bill ‘
Determination of Calculation of]
Calculation of i~
aw:mlf;‘mu > | Water Billing Profit and
Amount Loss Balance
v
Internal
Reserves

Figure 4: Shows the steps in the billing process

Conducting a complete customer survey within each DMA, whereby utility representatives visit every
property in the DMA—whether or not they are recorded in the billing system—is the best method of
comprehensively identifying billing system errors. The survey should include the following information:
property address, name of owner, and meter make and number etc. The representative should also

conduct a meter test to ensure that the accurate flow is recorded.

For metered areas, utilities should focus on large users by encouraging good customer relationships
through frequent visits. Checking large customers’ accounts monthly will help detect anomalies, which
may be due to water theft. In areas of suspected high commercial losses, temporary DMAs can be
established to analyses flows through standard monitoring activities, such as step testing and flow

balancing, to pinpoint problematic areas.
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8-1 Meter Reading Errors

Errors can be easily introduced through negligence, aging meters, or even
corruption during the process of reading the meters and billing customers.
Incompetent or inexperienced meter readers may read the meter incorrectly
or make simple errors, such as placing a decimal in the wrong place. Dirty
dials, faulty meters, and jammed meters can also contribute to meter
reading errors.

The meter readers should immediately report any observed problems, and the maintenance team should
take action to remedy the problem immediately. If remedial action is too slow, meter readers may become

demoralized and less inclined to report problems.

Because meter readers are the utility’s frontline in liaising with customers, their activities have an
immediate impact on cash flow. Utility managers should therefore invest in training and motivating their
meter readers to record and report information effectively and efficiently. The manager should also
establish systems and procedures to prevent meter reading errors by improving its meter reading and billing
processes through greater supervision of meter readers, implementation of rotating reading routes, and

frequent spot checks.

The success of meter reading, billing and collecting revenues depends on accuracy, check & balances and
diligence. The goal is:
@ to ensure that all people who use water are connected and in the utility’s information system,
@ that usage is metered accurately,
@ that the meter readings result in accurate bills to customers and
@ That the billed amounts are collected on a timely basis.

At any step in this process, inaccuracies or errors will result in NRW.

8-2 How to Improve Accuracy and Eliminate Errors:

a. Conduct customer surveys to make sure that every user is a registered customer and that the
utility’s records are accurate as to address, name of owner, customer number and meter
information.

b. Analyze flows in areas of suspected high commercial losses, in order to pinpoint problem
areas.

c. Compare the usage metered to the usage billed for each billing cycle.

d. Ensure that all amounts that are billed are collected.
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e. Arrange the functions (metering, billing and collection) so that one person is not responsible

for all of them.

NOTE:
A robust billing database is one of the key elements of minimizing accounting errors. State- of-the-art billing
software has built-in analysis functions that can identify potential data handling errors, zero readings, and

report them for verification

(1) Reading Meters
Meter readers are responsible for reading meters and sending the data to the billing officer, who
manages a customer's account and issues bills. They are also responsible for reporting on the status of

the meters. The following diagram sows the procedure followed in meter reading: -

Meter Reading of Caleulation of

Water Meters Rewor afjut Water and Delivery of Water
. —> Dedicated PC | — =i Sewerage Bill
(Handwritte on | Sewerage Charges i
recording paper) Check Hlegal (by PC) grand
T l Apgregate Amount of
Print updated Updute of Receipt of Payment of Collested Cash
Meter Reading  €—— Oustamer Ditn ] Charges =3 (Transfer Money to the
Last (@ Customer Window Aceount of the Private
Bank)

Figure 5: Procedure of How to Issue Billing
(2) Right to enter property
A provider has the right to enter a customer's property to read the meter without prior notice or
consent. However, some customers are frequently absent, keep fierce dogs, lock their gates making

the service provider use estimates for billing purposes.

(3) Estimated and actual reads
The water distributor for the area is responsible for reading the meter and sending the meter data to
the retailer. If the meter reader is not able to access the meter (e.g. due to a locked gate, or a dog in
the yard), the distributor will provide the retailer with an ‘estimated’ read, usually based on the

customer’s past usage.

(4) Self reads
After a customer receives an account based on an estimated reading, a retailer may agree to accept a
customer’s reading of their own meter. This will be considered an estimated read. Tis may cause

problems on accuracy of readings.
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9. Examples of common water rate complaints
Complaints about water charges are excessive charges for water consumption.

The cause may be a final evaluation error of the amount of water used, a malfunction of the customer

water meters, and/or water leak occurring in the residential area.

The following describes the leaked / unidentified water generated in the residential area.
The amount of water measured by the customer mater are;

(1) Household water actually used

(2) Household leaked water

(3) Unknown consumption (theft losses)

Among them, leaked water and unknown water generated at home are the amount of useless

water generated continuously, and each household pays for water charges.

9.1 Common cause of occurrences in residential area
Below are some typical examples of causes.
(1) Continuously water supply to the flush tank of the toilet

Before flushing, check if there is a water ripple in the toilet, if a ripple occurs, repair the float

valve failure.
(2) Malfunction of faucet valves in the house and yard

If the water drops still flow after closing the faucet valve, repair the damaged packing /
damaged / cap loosed.

(3) Forgetting to close the faucet valve

(4) Water leakage and unknown consumption (theft losses)
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If all the faucets in the home are "closed" and the water meter pilot is still rotating, it is
suspected that leaked or unknown water will occur.

(a) Occurrence phenomenon of damaged water supply pipe
-The soil in the garden is always moist.
-The plants are partially growing.
-There is a puddle.
-The floor / base of the building is constantly damp.
(b) Occurrence of unknown consumption (theft losses)

If the pilot continues to rotate even if there is no water leakage, unknown water may have

been generated.

- Ask the Waterworks Bureau for investigation.

Distributing
pipe Customer

Public ~ Teter
road |

=
s

(

\'\
N,

\\@

Source: Mainichi Newspaper 2019-05-25 Japan

Figure 6: Image flowing into unknown water pipe line

10. Data Handling and Accounting Errors

The typical method of data handling and billing requires a meter reader to visit each property and read
. . the customer meter. The data is then recorded by hand on a form, taken
back to the office, given to the billing department, and typed into the
billing system. A bill is then printed and mailed to the customer. In this

scenario, a variety of errors may occur at the different stages: the meter

reader writes down incorrect data; the billing department transfers

incorrect data into the billing system; or the bill is sent to the wrong address.

A robust billing database is one of the key elements of minimizing these errors and should be the initial

purchase of any water utility striving to improve its revenues. The latest billing software has built-in
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electronically.
11. Key Messages

1. Commercial losses occur mostly through faulty or tampered meters and through errors committed
during meter reading or processing in the billing system.

2. Meters are essential tools for measuring water consumption and should be as accurate as possible.

3. Coordination from the public and relevant local authorities is required to overcome illegal uses of
water.

4. Training meter readers, staff, and crews is a continuous process to ensure competent customer service.

5. Investing in high quality meters and a robust billing system can result in higher returns.

Commercial Losses Management 2018 Aug.

analysis functions that can identify potential data handling errors and report them for verification. In
addition, billing software will report monthly estimate readings and zero reads, both of which may

indicate a problem with the customer’s meter. Site visits will help identify meters needing replacement.
Training of meter readers promotes diligence, good customer meter maintenance, and decreased meter

reading errors. If financially viable, utilities should consider electronic meter-reading devices, which

reduce data handling errors to a minimum since all data transfers to the billing system are done
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12. Learned lessons

2018 Aug.

What are your comments from the pictures below?

(1) Residents secure water for daily life

® © © ©

Stealing water?
Illegality or legality?
Effective use of water

What is the method of
investigating whether

or not it is stolen?
Countermeasure?

Other comments?

illegal connection?

If you suspect illegal
connections, what kind
of investigation is
necessary?
Countermeasure?
What is the impact of
illegal connections?

Other comments?
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6-3 Computerized System of Billing collect water bills.
An effective billing and collection system encourages commercial and operational efficiencies which

6-4 100 Percent Customer Metering and 100 Percent Billing aids in the expansion and delivery of improved, reliable, and sustainable services.

6-4-1 Service provider’s needs to check on
3. Key Words Definition

6-4-2 The service provider must Billing may refer to: The process of sending an invoice (a bill) to customers for goods or services.

7. Introduction of advanced technologies..........euueeerererreunnneeinnseereeeeeeeennnnnns 10 [t’s the process of sending people bills asking them to pay money owed:
The total amount of the cost of goods or services billed to customer, usually covering purchases mad

7-1 Prepaid Meters ¢ or services rendered within a specified period of time.

7-2 Automatic Meter Reading

Billing The process of sending an invoice (a bill) to customers for goods or services. It’s
8. Outsourcing the Billing and Collection Function ........ccccoveveiiiiniiieiiiinennnnns 11 the process of sending people bills asking them to pay money owed:
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deducted. Revenue is shown usually as the top item in an income (profit and loss) statement
from which all charges, costs, and expenses are subtracted to arrive at net income.
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4. Objective of Billing System
The aims to a billing system create or develop a system that is capable and reliable in the whole
transaction flow such as tracking, retrieving and storing data in an appropriate way. In particular it
aims to:
1. Provide a database that will store information.
2. To identify the actions that may be taken with respect to billing and collection of water
charges for services provided to customers.
3. Develop a system that will lessen process delay in terms of releasing receipts and customer
bill.
4. Provide summary reports of daily and monthly sales including revenue reports.
5. To prescribe billing and accounting procedures for the utility commercial activities
6. Design system that could accommodate billing transactions from customers.

7. Provide security of two levels of users

5. Why is Effective Billing and Collection Necessary?
The basic aim of the performance improvement in utilities is to help water utilities and service
providers understand and adopt mechanisms that promote cost recovery, sustainable revenue

strategies, achieve financial viability and sustainable improved services.

5.1 About the Billing Process
The typical billing process includes accumulating costs, creating and printing invoices, and
recording journal entries for income and receivables. When you perform the billing process using the

Contract Billing system, you can:-

Financial Resources Water Facilites Customer Wat.er
Provider
Custermer Mele;/\

. Construction Operation and
Financial +Subsidy Maintenance Payment of
-Ownresources T~ Costof > | o House ™ water Bill
Resources |, Overseas Funds Facilty Costs of Facility ‘ater Bil
(OM Cost) 7\
Meter Reading | Issue of Water Bi]l‘
Caleulation of Determination of Calculation of |
;;u‘ ugnmo —> Water Billing Profit and
ater
Amount Loss Balance
12

Internal
Reserves

Figure 1: Billing Process
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NOTE:
Why is collection of water REVENUE necessity?

The water service work is managed with the money which the customer paid.
WATER is MONEY TREES !

N <@= Ksh

F.

(

= Accumulate billable costs from multiple systems, such as Accounts Payable,
Equipment/Plant Management, and Payroll, without re-entering the cost information into
the billing system

= Calculate markup amounts and taxes based on a hierarchy of multiple user defined rules

= Revise work-file transactions for T&M costs, including components

= Calculate the billing amounts at the time you create invoices

= Facilitate immediate billing upon entering the costs into the system

= Print invoices to customer specifications

= Automatically create and record the journal entries for the Accounts Receivable and
General

= Accounting systems that result from billing

= The billing process consists of the following tasks:

= Accumulating costs

= Reviewing the work-file

= Revising the work-file

= Working with the work-file history

= Generating invoices automatically

= Working with invoices

= Creating invoices manually

= Printing invoices

= Working with A/R and G/L entries

= Working with final invoices

R-1#10-6
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6. Billing and Revenue Strategies

A strategy involves using all the forces of a company to execute approved plans as efficiently and

as effectively as possible. It’s a plan of action intended to accomplish a specific goal.

Water Companies must improve their billing and collection practices if they are to become

financially viable, sustainable and deliver quality and standard services. Each will need to focus on

specific steps for it to achieve service and revenue improvements. They should adopt the principles

and components that govern an efficient billing and revenue collection system. Some of these are:
1. Customer databases,

Levels of metered and un-metered service provision,

Billing structures and cycles,

Practices and delivery,

Staff capacity and involvement,

A T o

Efficiency in billing and collection, and facilities for customer payments.

6.1 Strategies that Determine Effective Billing and Revenue Collection
(1) Monthly Billing System Based on a Volumetric Structure
(2) Computerized System of Billing
(3) 100 Percent Customer Metering, 100 Percent Billing and 100 Percent revenue collection
(4) Prepaid Meters and Automatic Meter Reading
(5) Outsourcing the Billing and Collection Function
(6) Incentives for Meter Readers
(7) Regular and On-Time Payments
(8) Resolving Customer Grievances
(9) Delinquent / erroneous Accounts

(10) Managing Debt

R-1#10-7
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6.2 Monthly Billing System Based on a Volumetric Structure

An effective billing system must have a billing cycle that bills customers on a monthly basis. In
so doing, companies must give adequate details to ensure appropriate and structured monthly
billing.
The billing system should be based on a volumetric structure. This ensures that customers are
billed for the water that they have consumed. Volumetric charges are based on:

(1) A uniform volumetric charge;

(2) A rising block tariff where the unit charge is specified over a range of water use for a

specific customers and then increases as water consumption increases; and
(3) An increasing linear tariff where the unit charge increases linearly as water usage

increases.

All volumetric charging are based on meter readings. This requires that customers have metered
connections. Therefore companies must make sure that the meters work properly and are read
on a periodic basis. Billing practices are based on different pricing mechanisms:
(1) Flat rate charging,
(2) Volumetric charging or flat and volumetric-based charging.
(3) Water service providers can have different billing cycles (bi-monthly, monthly, quarterly
or yearly).

6-3 Computerized System of Billing
oo

Route Nare:
Avalabls St
[ | | 4Rt

A computerized system of billing and an
New Route

updated and complete customer database is a
Exit Rioute Hame

must for a water company seeking to

Eviting Route lems:

maintain high billing efficiency. This is done
[Steet [5t Number]Biled To

{8

L LEE L

by ensuring that customer databases are
Hlave U

e updated and computerized, through vigorous
bz Do accounting and recordkeeping. A
computerized system customer database
SaveFaie allows:-

j Close

(1) Generation of reliable data that can inform the decision-making process of the water
company,
(2) The utility to track customer records by its respective management unit (that is, by zone,

ward, district, etc.).
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(3) Monitor and track exceptions in billing records.
(4) Tracking billing exceptions allows for a thorough investigation for the reasons behind the

exception leading to redressal of the situation.
6-4. 100 Percent Customer Metering and 100 Percent Billing

Send Usage Iediate Usage
Records Records

Add Records to
Database

Adjust custarmer| Invoice Apply discounts Collect Usage Billing Cycle
balance Customer ar promotions Records Date

Figure 2: Billing Network System

Volumetric charging is effective if all connections are metered and all meters are in good working
condition and working properly. This means the billed invoices are based on metered consumption.
An effective metering practice depends on:

(1) Customers who cannot cheat the system by tampering or damaging the meters,

(2) Repairs and replacement policy of the utility,

(3) Timely identification of faulty meters and

(4) Installation of meters even in poor and low-income settlements etc.

6-4-1 Service provider’s needs to check on:
(1) The accuracy of meters on a systematic basis so that there are no problems.

(2) The bill whether the meter is in working condition or its defective.

6-4-2 The service provider must:
(1) Authorize a single point from where customers can purchase their meters
(2) Provide the meters themselves, so that a standardized meter is authorized by the service
provider
(3) Have a meter checking, maintenance, and repair policy in place so that any faults as

identified by meter readers at the time of meter reading can be reported and addressed.
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(4) A responsible staff who could single out problem cases, especially those of incorrect
consumption units recorded (data entered could indicate unrealistic consumption units
such as negative units or excessive figures).

(5) Set in place appropriate incentives such that meter readers actually read the meter and do
not cheat the system by reporting average consumption figures at the time of meter

reading.

7. Introduction of advanced technologies
7-1 Prepaid Meters
The basic idea behind the use of prepaid meters is to facilitate those who may be denied access
to water because they cannot pay upfront. It gives the concerned persons the flexibility to avail
of water services even if they have not made an upfront connection payment for a fixed water

connection.

¢ NOTE:

For more information, refer to “How to manage customer meters”
s

7-2 Automatic Meter Reading

Automatic meter reading is a technology that allows for
automatic collection of data from the water meter and
transfers it to a central database for billing.

For Nairobi Water, handheld data loggers enable meter
readers to record readings easily.

They are preloaded with set information, based on which

the water meter data needs to be collected. Data loggers
generate alerts for incorrect entries or anomalies. For example, in case meter readers enter
erroneous data or if they do not read the meter but continues to generate readings. The data

loggers give meter readers two options for generating bills:

(1) Spot billing, where they could generate bills on the spot and hand them over to the
customers once the meter readings are entered in the data loggers.

(2) Batch billing, where meter readers can collect the required data and, at the end of the
day download the data in their office computers. In the office, master database gets

updated and bills are generated according to the billing cycle.
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Innovations of using data loggers could prevent malpractices / corruption and, help confirm with

the customers all bill details on the spot.

8. Outsourcing the Billing and Collection Function

Some water companies are using improved billing technologies
by outsourcing the entire billing and collection process to
companies with proven expertise in such fields as illustrated by
Nairobi Water partnering with Safari Com, Equity bank, Post

office etc. Benefits of outsourcing are:

(1) The experts provide a fully managed service starting from bill generation and payment

collection, to credit and debt management,

(2) The experts use improved technology, systems, and processes to realize improvements in

billing and collection,

(3) Collections from customers are also monitored regularly by tracking revenue indicators
like gain in net cash generation, new-billed revenue, costs to undertake billing and
collection etc.

(4) The time saved and a reduced need for in-house systems and staff for billing practices.

(5) Outsourcing billing and collection is cost-effective since the system of competitive

tendering gives the job to the most efficient and specialized providers.

(6) It also leads to better cost control since the provider knows the exact price of the

outsourced services and such services can be monitored more strictly.

9. Incentives for Meter Readers
Water companies need to encourage efficiency in billing practices. This can be achieved by

developing a system that gives incentives to meter readers.
= F’F?:-—"- e, ST

If there is a perceived risk of meter readers engaging in
malpractices, such as colluding with customers and
forging consumption details in the areas that they are
operating, they could be rotated from time to time to
avoid such risks.

Some companies give incentives to their staff by linking
improvements and efficiency in billing directly to staff
remunerations. The meter reader pay is based on the number of bills delivered in the month.

Many water companies set monthly targets and then reward the best performer.
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10. Regular and On-Time Payments

Incentives for customers: Billing and revenue collection efficiencies are hindered by illegal
connections and deliberate non-payment’s by customers. Water Companies should encourage
customers to connect to the network by setting up plans for regularization of connections through
an incentive on the connection fee.

Continuous default, non-payment and cases of illegal connections, using sanctions, such as water

connection cut-offs, should be exercised.

(1) Credible disconnection policies - some water companies have used credible disconnection
policies and have been able to exercise this sanction more
often for defaulting and illegal customers. Water utilities
could send a notification for payment and, if not adhered to,
resort to then cutting off the water connection.
Incentive for customers — water companies could develop
incentive schemes for customers who have huge arrears in
their bills. Discounts, instalment facilities for payment etc.,
could be designed such that customers are encouraged to settle their bills once and for all
and start afresh.

(2) Disincentives - utilities could also use disincentives for late and irregular payments through
disconnection of water, or imposition of heavy fines etc, that deter customers from such
habits.

(3) Customer conveniences to pay: Water utilities must encourage customers to pay on time
for services by simplifying the payment process. They should set up payment agreements
for customers to pay at banks, post offices or convenience stores, or put up their own
conveniences for easy bill payments such as customer care centres, collection centres,
online payment facilities etc.

When setting up centres for collection of water bills, companies should ensure that these centres
are convenient for the customers. The location of the centres should be planned to serve the entire
service area. They should be located at prominent places that are convenient to access by
customers.

For the poor - water companies should give options like instalment payments to ensure poor people
are encouraged to take individual connections and keep paying for them for continued service

delivery.
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11. Delinquent / Erroneous Accounts
Many water companies have to deal with an overdue or unpaid
account at some point or another. The following steps can help
your WSP improve its receivables.

(a) Don’t grant credit

(b) Require deposits
Utilities can ask for advance payments. Water providers may ask

for 30 to 50% up front, depending on the client, with remaining

payments due later.

(1) Offer credit terms

Credit terms outline how you expect to get paid, and what interest or penalties you charge

for late payment. State these clearly on your contracts and invoices.
(2) Get a signed agreement
Never extend credit without getting something in writing. Review payment deadlines with
clients and express that you expect to be paid on time. Point out the terms for late payment.
(3) Check credit
Collect the information you’ll need to run a credit check on a “new customer
form.” For customers, this data includes name, address, phone numbers, I.D

and bank account numbers, tax pin number, at least two credit references.

(4) create a billing / overdue notification system

¢ NOTE:

You should know how much is owed to you and when it is due. For this, your system should

alert you on overdue accounts. Most accounting software programs do this automatically.

12. Managing Debt
For Water Company, it’s reasonable to have a manageable level of debt. Growth and expansion
often demands considerable capital which may require you to seek a bank loan. For this, you
may need the following guidelines.
(1) Explore your reasons for borrowing / seeking a loan include:
(2) Working capital - when you’re looking to increase your utility’s work force or boost
your stock.

(3) Expanding into new areas or markets.

- END-
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1. Objectives (out-put)
(D Understand how to management items of the water meters.
@ Understand maintenance of the water meters.
(@ Understand the role of water meter
@ Understand the concept of meter installation
(® Understand the caliber of selecting a water meter
® Understand the maintenance status of water meters in Kenya

(@ Understand on how you read meters

2. Introduction
In this textbook, the following items are briefly introduced.

(D Basic items of customer meters
-Type, structure, performance, installation method, maintenance items
and troubleshoot

@) Trend of revision of international standard of water meters

@ Introduction for measures to reduce errors in meter reading
- Remote-reading meters, smart meter, etc.

@ Introduction of overseas meter protection methods

® Introduction of meter error manufactured under old standard (ISO 1993)

©® Way of thinking of selection of the meter caliber, etc.

At the end of the book, as a summary of learning, discussion themes of "reading meter and why

necessity of hydraulic test of meter" are posted.

3. Key words definition

How to Manage Customer Meters 2018 Aug.

KEBS Kenya Bureau of Standards

4. What is maintenance management of the water meter?

(1) Currently, the water meter once installed has not been implemented maintenance (function
inspection chief / evaluation) systematically.
(2) Failure to maintain and manage the water meter makes it difficult to predict the measurement
error, so it is difficult to formulate an improvement plan systematically for the water meter.
(3) Maintenance and management of the water meter is to maintain the management standards,
ensure measuring accuracy, and ensure functions in order to "maintain a stable water meter's role

for a long time”.

¢ NOTE:

(DMaintenance management point of the water meter is to always maintain accurate mode of
metering accuracy.

@ The Measurement error from water meters cannot visualize the loss, unlike leakage outflow

from the water reservoirs.

Radial vane water meters Vane rotation by velocity and flow rate is integrated by the rotation speed

Volumetric water meters Measurement cell rotation by velocity and flow rate is integrated by the

rotation speed

Pilot Rotation indicator when the meter is working.

Flow restrictor Tinstalled on the outlet of the water meter, and prevents backflow from the

residential piping

Check valves As a prevention of backflow of piping, it is installed in pipeline.

Remote-reading meters It is an electronic device installed at the top of the meter, and the indicated

amount can be read from a remote place.

Cross-connection Water service piping has connected directly with other piping.

R-1#11-5

(4) Items to maintain and manage the water meters are shown below.

(a) Management of metering accuracy

(b) Management of installation status

(¢) Development of management standards
@ Standards of meter accuracy control (new & in-use meters, repaired meters.
@ Criteria for model selection
(® Evaluation of purchased manufacturing company
@ Meter installation standard
® Meter replacement standard
©® Ownership of the meters

(@ Strengthen penal regulations, others

5. Role as a water meter

(1) A water meter isa meter for accurately recording the amount of water used in a tap
(2) The exact amount of water used is measured at the time of meter reading and charged to the

customer as a water fee
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Water supply devices
by WSP *‘+ * by customers
|l| r’ faucets

~. Check
Water | valves

. Meter boxes

. Stop -
valves |
Saddle

branches ~ Water _
- SCIVICEC pIpC |

Distribution pipe

Figure 1: Location of Water meter Installed

¢ NOTE:

(D Performance quality of general purpose water meters is stipulated by international

standards, but makers with insufficient quality control are on the market.

@ Low-quality products are inexpensive, but the amount of Unmeasured water increases in

a short period of time, resulting in an increase in commercial loss year by year.

5-1 General requirements as a water meter
The water meter has an important role of grasping the basic data for managing the proper amount
of water, such as calculation of water meter fee, revenue water rate, non-revenue water rate.

The general conditions that the water meter should have in order to fulfill this role are shown
below.

(1) Points to remember

(1-1) Performance aspects
(D The metering accuracy (verification tolerance) is good.
@ Good sensitivity.
(® The measuring range is wide.
@ Low pressure loss / Large capacity can be passed.
® have durability.

(1-2) Easy to structure and easy to repair.

(1-3) Maintenance aspects
(D Easy to read the meter reading amount.
@ Ease of repair / installation
@ The failure frequency is less .

(1-4) Low price is desirable

5-2 Classification of water meters

(1) General customer water meters

R-1#11-7
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@ Inferential water meters

@  Volumatic water meters

¢ NOTE:

The meters that are widely used in general customers are "Radial vane type", which are

divided into 2 types, "single-jet type and multiple-jet type".

;’{ Mechanical ‘- -'{ Volumetric

v{ Rotary Piston

. Dy T
& ¥ Single Jet |- _.‘Tzn%{-%'

" Inferential —-{ Muli Jet - -‘—Y—MM L
Wet Type
'—-| Combination | .| Helical Vane [—-| Woltman |

Figure 2: Classification of Water Meters

‘wmn- M""‘“—I '| Electromagnetic

T -{ Radial Vane

t ’l Ultrasonic

5-3 Types of water meters
5-3-1. Radial Vane Water meters (Inferential)

This vane is a flow velocity type, the vane rotates according to the speed of the flowing water, and

the water flow rate is measured using the fact that the rotation speed of the vane is proportional to
the flowing speed of water.

The outline of each function is shown below.

(1) Classification by structure
(a) Single-Jet meters
The single-jet water meters are a structure in which the water flow flowing into the
meter case directly contacts the impeller.
(b) Multi-Jet meters
The multi-jet water meter has a different measurement chamber in the meter case, and

the water flow is a structure that gives an impingement flow to the impeller from a
plurality of nozzles.

R-1#11-8




How to Manage Customer Meters 2018 Aug.

N = ez > "

Sigle—jet Water Meter Multi-jet Water Meter

(c) General characteristics of Single-jet and Multiple-jet (Mechanical type)

Table 1: Example of General Characteristics of Radial Vane

How to Manage Customer Meters
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¢ NOTE:

Dry type is used a lot because it is difficult to cause meter reading

failure by glass smoked with water vapor.

(c) Characteristics of Dry and Wet (Mechanical type)

Table 2: Example of General Characteristics of Dry and Wet

Characteristic Dry Wet (a) Type
Easy to reading Inside of the glass is not Inside of the glass may be
meter cloudy cloudy with water vapor

Good performance

Eq

ual

Less Failure *
breakdown

Even if the glass breaks, it

does not leak from the meter.

If the glass breaks, it leaks
from the meter.

(3) Classification by a display type

The mode of a display of reading meter is shown below.

(a) Circular reading-indicator type (Analog)

The indicator turns over the circular graduation to indicate the indicated amount.

Characteristic Single-jet Multi-jet
Easy to structure and easy simple Slightly complicated by the inner
to repair case
Rotation of blades Wear of the nozzle affects A smooth flow of blades can be
the rotation of the impeller | obtained with a uniform flow rate
Pressure loss Almost the same (Max 0.1 Mpa=1.0kgf/cm2)
Less failure Few A plurality of nozzle portions are
blocked
Metering accuracy Almost the same
Diameter (R = 100) 13mm (Qn=2.5 m3/hr) | 20~40 mm (Qn=4~10 m3/hr)

(2) Classification by indicators
Radial vane water meters can be roughly classified into dry type and wet type depending on the
structure of indication mechanism part.
(a) Dry type
In the indication mechanism part, the rotation of the vane completely isolated
from the running water (tap water) is transmitted to the upper indicator by the
magnetic coupling.
(b) Wet type
The entire indicator mechanism is in running water (tap water).

Or the indicating mechanism part is immersed in liquid.

TE{EE

(a) Wet Type (b) Wet -i-)"i’“ (¢) Dry Type
R-1#11-9

The method of reading the amount of water has a clockwise / counterclockwise

model, but it is an analog type that records each of the rotated pointers.
(b) Direct reading-indicator type (Digital)
The numeral car rotates to indicate the indicated amount of water, and the

numerical value is recorded as it is.

(c) Combination type

Digital display and analog display are displayed on the same meter.

Circular reading-indicator type Direct reading-indicator type Combination type

{Analog) (Dagital) (Digital and Analog)

4 NOTE:
""Analog display" can easily be inspected by the display part subject to charge for water billing.

(4) Classification of Pilot-indicators
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(a) The pilot-indicator is a monitoring gauge indicating whether or not the meter is sensing
(counting) the water supply amount.
(b) Even if all the water faucets in the residential area are "closed", there is a high

possibility of leakage in the residential area when the rotation pilot indicator is moving.

(c) Even if all of the faucets in the residential area are "closed" (the Pilot-indicator is not
moving), if water is being supplied to the residential area, there is a high possibility of
illegal connection by bypass.

(However, it is necessary to confirm whether or not there are multiple meters in the

residential area)

Example of Pilot-Indicators

¢ NOTE:

(a) The Pilot- indicator should be "large" as much as possible.

(b) "Structure and color" that can clearly confirm the motion will be selected.

5-3-2. Volumatic Water meters (Mechanical)
(1) Rotary Piston
There is a rotary piston in the meter case, rotate the volumetric rotor at the flow velocity,

and transfer the rotation number to the indicating section to accumulate the water amount.

Disk type meter

R-1#11-11
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5-3-3. Prepaid Water meters

In the prepaid method, a customer buys a card (eg, magnetic card, pin type, code # type) in
advance and inserts it into the prepaid water meter at home, so that the tap water can be used by
the purchase fee.

When the card is inserted, the "solenoid valve opens", when the specified amount of charge is

reached, the solenoid valve is closed system.

(a) Features
@ Ttis possible to omit meter reading work and issuance of invoice, which can save
expenses.
@ Users' consciousness of water conservation is increased.
(® Magnetic cards (pins), meters are remodeled and may be illegally used.

@ Social consent is required. (E.g. measures against weak people)

Example Application of Prepaid Water meters

5-3-4. Remote-reading meters
Equipped with a transmitter attached to the water quantity indicator of a conventional water
meter and capable of sending wired or wirelessly the amount of water used.
Equipment is installed in which a transmitter is attached to the water quantity instruction part of
a conventional water meter and the amount of water used can be transmitted by wired or

wireless.
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Usage of this remote-reading meters can be automatically read (Handy terminal: SD card) at a
place away from the meter's indicated amount.
As aresult, it is possible to reduce errors in meter reading and improve the efficiency of meter
reading operation.
(a) Features

@ Automatic meter reading by radio communication is possible

@ Improvement of meter reading accuracy

(@ Improvement of water service in the distribution block

@ Early detection of leakage from the vicinity of the meter, others

Remote -reading meter System

Example Application of Remote-reading meters

R-1#11-13
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5-3-5. Smart water meter (e.g. iPERL ™)
A smart meter is a water meter that can be automatically inspected for high measurement
accuracy applied by electromagnetic flow measurement technology (equivalent to R - 800).
The recorded flow rate is connected via a 280 MHz wireless network, and data such as velocity
rate and water flow rate is transmitted to the receiving base.
(1) Features
(D Removal of work by meter reader
@ Improvement of meter reading accuracy of used flow rate
® Improvement of operation efficiency of water distribution service
@ Improve customer service by improving leakage countermeasure efficiency
(B Reduction of non-revenue water amount, etc.
(2) Future tasks
(D Tt is necessary to acquire the frequency band for communication
(@ The service life of the battery is about 15 years
(@ Health harm caused by California State has been complained (headache, tinnitus
@ Tllegal operation is performed due to illegal operation of radio waves.
® Past records:
- In Kenya, a demonstration test level (eg, MABOKO WSP, Nairobi WSP, others)
- In overseas, it has been in use since 2010.

MAVOR WSP NAIROBI WS

5-4 Improvement of Water meter Standards

5-4-1. International standards

Examples of international * national standards and guidelines for water meters are shown

below.
(a) OIML R 49-1/2/3 (International Organization of Legal Metrology) R 49-1:2006,
R49-2:2006
(b) ISO 4064-1,3,4 (International Organization for Standardization) ,4064-1:2005
(¢) EU (European Union:)
(d) CEN (European Standards Coordinating Committee)
(e) JIS B 8570-1/2 (Japanese Industrial Standard)JISB 8570-1:2005/2009
(f) AWWA (American Water Works Association) C708-96-1. Others

5-4-2. Latest standard
R-1#11-14
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(a) Formulation of ISO and OIML joint standard (ISO 4064 / OIML R 49-1)
(b) Harmonization of EN 14154 and ISO 4064 / OIML R 49
(c) Harmonization with BS EN ISO 4064-2: 2004 (ISO 4064-2: 2014)
(NOTE: In 2014, BS EN ISO revised the joint standard based on ISO 4064-1 / 2/3/4/5)

5-4-3 Outline of ISO 4064-2005 standards (NEW Standards)
The international meter quality standard (ISO 4064-1993: old standard) was improved in
2005 (ISO 4064-2005: new standard) because the amount of dead water reduction is

greatly affected by the performance of the meters.

(1) What is advancement?
Conventional meter accuracy evaluation (ISO - 1993) was classified by Class A to E (Class
A is low performance, Class E is high performance), but in the new standard (ISO - 2005),
from Class display It is revised to "R value = Q 3 / Q 1 ratio" indication, and as R value

increases, it is classified as high performance.

(2) Upgraded accuracy ranges
As a result, with the new standard, the instrumental range of + 5% is narrowed, while the

instrumental range of + 2% is widened, and the meter performance is improved.

-
I _E>_Suall flow | Large flow {+2% Flow volume
are: e

a area

Qmin at Qp 2Qp

;

6% ] -[:>— Large flow area —:HEEIE% Flow vohume

: Small flow
El EA ... Q4

Figure 3: Comparing accuracy range changed

ISO 4064-1993 (Old Standard) JIS B 857-2013/1SO 4064-2005 (New)

Type Multi jet-Dry-Radial vane Single jet-Dry-Radial vane

Class C R-100= (Qn / Qmin)
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DN (mm) 15 13

Qn (m3/hr) 1.5

Display

l&.’-.
R
W \

igure 4: Examples of performance comparison between the new standard and the old standard

¢ NOTE:
Even if the meter of the new standard (example of R = 100) has a small bore diameter of 13

mm, the use flow rate of Qn (m3 / hr) having a larger capacity than the old standard product

(ISO-C) can be obtained

(3) How to calculate New R-value Water meters
The procedure of selection is shown below.
Step-1: WSP determines flowrate Q3 (Qn) from estimated water consumption.
Step-2: WSP needs to decide expected minimum ERROR in Q1 (Qmin) ranges.
Step-3: Calculate R-value to be installed the water meters
Step-4: Find the proper Meter model to be purchased meeting R-value-water meter
specifications such as the Q3 (Qn) and Q1 (Qmin) is chosen by the

manufacturer in an authorized list.

¢ NOTE:
With this new standards, the manufacturers have more possibilities

technical information to select the performance of their meters like accuracy

curve and head loss curve.
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o 1S0-4046-1993 (D1d) ] [ IS0-4046-2005 (New) % of error
The performance of Cm and Chmin and class (A /B / C/ D) are | As perfommance requined that Q3 and R (Q3°01) of meter can be sclected
_ dctermined for cach watcr metcr. | comsidering e purpose of use and coomomy. ChssC ClassB  Class /
yof | SelectDimeter oo o] v of | Sclect 3 m/h from a rated | Select Quin from the ricd | %L — - —=
L3NS0 Jemm |- |_sclection | vk (A) L e of R=(0301). (B) ]
: ; = NOTE: More selections of accuracy of Qmin flowrate (“Q/R) s decided
NOTE: Seboct a diameter and a class (AB/C), el u;:;’wlw et sl
I 151 Determine the Water comsumption (3 (Qn) Grmin Gt Qmin Chwie [+ ] Gt Qn Qmax
— 0% ——— t } t }
] 3552570 140 2 380 3500 ™00
- flow (I/n)
31d Detemine Class (AB C/D) 3rd Calculation of amount of water of G4 = 125 x Q3
4t Caleulation of amount of water of
I S S 5% 4 —
Sth Determine the meter model. and diameter from catalog.
Bl Example of Qn 3.5 m3/h (Class A,B,C)
A} ISO-4046-2005 [ Value of 03 {in m3/hr.)
] | 16 15 4 | 63 10 16 M i
2005 | . v.u T Ratio (R value hﬂwwl‘ he ; and : — lsazmm = lsm'rehor?‘“: g ;';”‘ DN":“
_ TR Iv-I: (lh:} “ll'.l! ?k ] ( -1993) il meters Ty 25 30
R=Q3/Q1 | 6 | s | o | 20 | 125 | 1ev | 200 | %0 Class A = | = 3.5 25
3s | w0 500 &30 300 i i =1 Value of Q max 2000 | 200n 56 30-32
i : - : B i Value of Qt 0.10 Gn 1 0.30 On 10 40
Calculate Q4 = 125 | x [ @ | Value of Qmin 010 Qn 0.08 Qn 15 50
“alcaln = 16 x m_ | |Class B - | -
[Value of Qmax | 20Qn | 20Qn
. . . Value of Qt 0.08 Qn 0.20Qn Values of Nominal
Table 5: Difference in the selection way by the old standard and a new standard Value of Qmin 0.02 Qn : 0.03Qn Diameter{ DN mmm)
Class © = 5
veorgme | z0en | 20@ | o gwios
Valucof Qmin | 0010Qn | 000600
Table 3: Adoption trend of new standards in oversea Figure 6: Typical ISO 4064-1993 Performance Ranges and Value of classes
Country name Japan England France Germany
Model of meter | Single/Multi-Jet Rotary-Piston Single-Jet | Single-Jet | Multi-Jet 4 NOTE:
R —value 80/100/125 80/100/160 100/125/ 80/100/12 | 100/125/1 Since the meter to be tested is the ISO-A, B, C class, the water meter test bench is subjected to
(Q3/Q1) /200/250/315/400 160/200 5 60 instrumental error check according to the ISO 1993 standard.

5-4-5. Kenya Standards (KEBS)
5-4-4. Outline of ISO 4064-1993 standards (OLD Standards)

Old water meters manufactured to be conformed ISO 4064 Edition 1993 until 2003-2004. In

(a)The standard for water meters in Kenya is a joint standard of British standard, EN and ISO
which KEBS recommends. (ISO 4064-1-2-3-4-5 2014/OIML R-49: 2013: standards are
the basis)

(b) The test methods conform to ISO 4064-1: 2014 / OIML R 49-1: 2013.

this standard, a meter is defined by its nominal flow, Call Qn, and accuracy classes, A, B, C
and D.
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wosommn | P — | 5-5-2. Philippine

Water meters for coid potable
Water meters for cold potable water and hat water

water and hot water Lt o f

Part 2: Tet methods |

5 0150 06852018

Water meters for cold potable Water meters for cold potable
water and hot water water and hot water
ol roguenments ot Pat§, Instalation requirements

Part & o

5-5 Introduction example of protection method of water meters

5-5-1. Kenya

5-5-5. Sri Lanka
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5-5-6. Others

Pakistan(Local)

5-6. Handling of the measure against a complaint of a water meters

¢ NOTE:
(1) Failure of the meter often occurs by combining several obstacles.
(2) The general countermeasure is to remove the causes, repair and replace the water

meter.

5-6-1. Mechanical water metes

The causes and measures of typical failure are shown below.

Table 5: Typical Troubleshooting

How to Manage Customer Meters
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1) Meter does not move

Foreign matters (sand, rust,
dirt, piping material) bite into

the rotating part

- Always wash after piping

- Install strainers

2) Much month-long

water consumption.

Parts are worn out / damaged

by an excessive flow.

- Change into a large meter model

- Install a flow control valve

3) Meter does not move
after the impact sound

rom piping.

Breakage of the parts by a

water hammer

- Open a valve gently

4) Indication part is

damaged

Intentional breakage an /or

fall on passage

-Take the protective measures of meter

= Implement a meter error check

5) Motion of meter is

slow

Foreign matters (sand, rust,
dirt, piping material) bite into

the rotating part

- Always wash after piping

- Install strainers

Defect of the installation

angle of meter

-install the display part of meter in level piping upward

Tllegal remodeling of meter

- Strengthen control of illegal remodeling

Attached scal

- Attach drain before meter

- Clean regularly

Much rotation friction at the

time of use of a too little flow

- Change into the model suitable for the use real

condition

Wear the shaft of rotation by

use of an excessive flow

- Change into a large meter model

- Install a flow control valve

6) Move of meter is

fast.

In the flashbulb of the toilet,

water is flowing by trouble

- Early detection of a leak
- Check whether the water inside a toilet bowl is waving

- Replacement of gaskets

7) Rotation is reversed

Installation of meter is an

opposite direction

- Install in piping in compliance with the arrow of meter

Occurrence of cross-

connection flow

- Install check valves/ flow restrictors
- Install the valves and /or check valves against cross —

connection flow

8) Water is leaking

Damage by a water hammer

- Open a valve gently

Deformation / degradation /

falling of a gasket

- Use the gasket and /or seal tape of the good quality of
the material

- Install a gasket by bolting and wrap appropriately

Case examples Causes Measures

R-1#11-21

9) Glass of the meter is

unclear/ cloud up

Meter reading is impracticable

at deposits, such as the mud

- Remove a deposit
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Glass part has become cloudy
with water drops due to

damage

- Clean the inner side of glass

- Replace glass

Glass was clouded by the

scratches

- Apply oil/water to the surface of the glass damaged

10) Meter is damaged

Damage due to dropping

- Especially cautious of handling at the time of transport

/ installation.

Corrosion damage

- Change to plastic

- Remove factors of corrosion.

11) Meter is stolen

Lost meters * Valves

- Change to plastic

- Enhance management responsibilities to customers

5-6-2. Occurrence of the complaint "reliability of a water meter" from a citizen with poor work

of the service pipe in a house

The cause of a civic complaint is due to poor water service-line work (Cross-connection)

implemented by a general contractor in the private housing site, and that cause, WSP requires

great cost for the measure against a complaint.

(a) What is cross connections?

It is shown that water service piping has connected directly with other piping.

When a service pipe and pipes other than water service are connected directly, other head

water (an example, a well, tanks-for-holding-rainwater water) may flow backwards to

distributing pipe according to trouble and poor operation of check valves and stop valves, etc.

Cross-conection

Valve_ e
.

Othser water
sources

Tank

Rainwater

Valve

/ Check valve

Water
meter

Stop cock

Figure 7: Concept of Cross-connection

(b) The occurring example of trouble

The fault by cross-connection piping is shown below.

(D A water meter carries out inversion rotation and a mistake occurs in billing.

@ Top water may be supplied to the well/pool in housing site, and a large amount of

water rates occur.

R-1#11-23
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@ Incorrect connection with piping of storm water use
@ TIncorrect connection with distribution pipe for an agricultural-chemicals
(® Danger of the water pollution of the tap water by other heads
(c) Preventive measure
(D Don't connect a water pipe and other head pipes.
(2 Change the class of pipe materials.

 Color water for miscellaneous use.

5-7 Mounting arrangement of meter

5-7-1. Installation angle

¢ NOTE:
Inferential water meter’s installation level is a horizontal (allowable angle of

less than 5 degrees).

Gt e OGood

ké;g\_ XBAD

O ~ = —_ =
= ! 1 1 Vertical
=i & B,
““.Ff.\'.:r Vertical £ >
. ol rT !
. Inclined R L,
o~ g e =
J = Py
¥ 4 — =
2 =m iy

Figure 8: Installation angle
5-7-2. Installation of associated fittings (ISO-4062-2)
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Figure 9: Installation space needed

5-7-3. Installation of meter
(a) Harmonizing meter installation with "the arrow of the direction of a flow —" currently

displayed on the meter side part.

| “hostt
’q']3903

Replacement of old water meter in 8th year New meter (13mm R-100)

(c) The proper packing for meter, strainers and seal tape for connection are used.

(d) Use of Flow restrictors

To prevent the water meter operation in reverse direction and possible contamination
by Back-flow from resident area. The pressure loss of this reverse flow restrictor is
between 0.02 bar and 1.0 bar depending on the flow velocity.

R-1#11-25
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Figure 10: Flow restrictors

5-8 Procedure of the beginning of using of meters
5-8-1. Removal of the air in meter
After fixing meter, when you start "Open and passing water", fully eliminate the air in meter by

opening a valve gradually.

Below, the reason is shown.

* If a valve (a stop cock and ball valve) is opened rapidly, water hammering action and / or
high velocity may cause inaccurate measurement and/or damage inside mechanism of
meter.

*k When air remains in a service pipe, meter may measure inaccurately by unusual rotation

with accuracy

5-8-2. Verification of direction of rotation of pilot after passing water
(a) Confirm that the meter pilot is rotating normally.
(b) Confirm that whether the Pilot is rotating in the direction of a flow shown in meter.
(c) By confirming pilot rotation, the accuracy of meter installation procedure, such as a
meter’s reverse attachment by mistake and possibility of mixing foreign substance, can be
confirmed at an early stage.
(d) After installing the meter, it is possible to discover the water leak by closing the water

faucet in all the residential land by checking the movement of Pilot.

5-8-3. Confirmation of water leakage
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+ Confirm that there is no water leakage from the joint branch part, meter with "feel and
Visual inspections".
+ Since leakage of water may occur under the influence of a pressure increase at night,

confirm "the existence of a leak" from the joint in a meter box periodically.
5-8-4. Verification of water quality
After installing the meter, check the water quality (turbidity, color, presence or absence of

sediment) of the faucet inside the residential area

5-9 Transportation of meters

When transporting the meter, handle the meter carefully so as not to cause troubles such as damage

to the meter attachment screw thread, glass breakage, pointer needle removal, etc.

6. Concept of meter installation standards
The example of installation of the meter of a home, a residence, and a compound building by one

meter per structure is shown below.

Water Meter

Detached house Housing complex - A Housing complex -B

NS
Es
|F— i -

Centralized meter Centralized meter Building
management - A management - B (Receiving tank)

Figure 11: Typical house connections

7. How to determine the caliber of a water meter
The caliber of the water meter may be examined in the following way.
@ Keep the same diameter as existing water supply pipe.

(Check the family composition of the applicant)
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@ Ttis decided from the "planned amount of water used" by surveying the actual condition of
the amount of water used.

+ The planned amount of water used is obtained from the survey of distribution of
fluctuation in usage flow rate such as simultaneous use water amount, fluctuation of
used water amount per day.

+ When determining the meter Diameter from the calculating the planned amount
of water used (1 / min) by number of forces , person and living condition, and
select the caliber / model of the meter by referring to the model data of the meter
etc.

@ Ttis decided from "proper usage flow rate range".
The “proper usage flow rate range” is a standard flow rate that can be used with the

performance of the meter stabilized for a long period of time.

¢ NOTE:

(a) The planned amount of water used is a basis for determining the diameter of the water supply pipe.
(b) Choose the type / caliber of the water meter that best suits the Qmin, Qn, Qmax range from the flow
rate reference table and/or catalog for each type of water meter, taking into consideration the planned

amount of water used / the amount of water used per day etc.

| 1. Study of planned water volume ‘
¥

2. Performance survey

Distribution of fluctuation in usage flow rate per day Check item:

¥ Plan supply water for one day

| 3. Determination of the diameter of the water service pipe I 4= s El,",‘der r,mm,m um preissuere

l condition)
| 4. Confirming proper water amount usage of the water meter | == |Check item: |
l Range of optimum water usage,
other

| 5. Determination of meter diameter ‘

(a) Performance aspects

| 6. Selection of type of meter ‘ — (b) Structural aspect

(c) Maintenance aspects
(d) Price side

Figure 12: Selection Procedure of Water Meter Model
Table 6: Examples of standard water usage of water service pipe

Dia. (mm) 13 20 25

Standard amount of water used( I/min) | 17 40 65

Source: Hamamatu city

Table 7: Example of Delivery classified by use and corresponding faucet size
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Classification Use amount [}/min) | Diameter (mm)

7 Sink 12— 40 ] Az-20

Draining floar 12~ 40 ‘ 1220

& Washbowl 8~ 15 10~13

Bath (Japanese style) 20~ 40 1320

Bath (Western style) 30~ 60 2025

© Shower 8~ 15 10~13

Urinal (Washing tank) 12~ 20 1013

Urinal (Flush valve) | 15~ 30 12

Source: JWWA 1978

Table 8: Example of Standard consumption by service faucet

Diameter o faucet (mm) 10 13 | 20 25
Standard consumption (//min) 10 17 40 65
Source: IWWA 1978
Table 9: Number of faucet and consumption ratio
Number of faucet 12 |3 |4 |5 |6 |7 s ‘ 9 | 10|15 |20 | 0
S SR S 1
Consumption ratio 1 14| L.7| 2.0 2.2| 2.4 2.6‘ 2.3[ 2.9| 3.0| 35| 4.0| 50

Source: JWWA 1978

Table 10: Example of Number of faucet considered from simultaneous use rate

Number of foucet (picces)

Number of faucet considered from
simultaneous use rete (picces)

1
2~ 4
5~10

11~-16
16~-20
--50

oo oo e

Source: JWWA 1978

Table 11: Example of Flow rate standard by type of water meter (R = 100)

Allowable flow rate for
. temporary use (m3/h) Uz mar iy ()
Water meter Dia Qn (m3/h) Proper usage flow In the case of | Total daily | Total daily Monthly usage
(mm) rate range (m3/h) | Lessthan 1 |. P L 24 hours a (m3/M)
oo/ €y instantaneous | usage time is | usage time is F—
use 5 hours 10 hours

13 25 0.1-1 1.5 1.5-2.5 4.5 7.0 12.0 100

20 4.0 0.2-1.6 2.5 3-4 7.0 12.0 20.0 170 Radial
25 6.3 0.23-2.5 4.0 4-6.3 110 18.0 30.0 260 |vane water
30 10.0 0.4-4 6.0 6-10 18.0 30.0 50.0 420 meters
40 16.0 0.5-4 6.0 7.5-10 18.0 30.0 50.0 420

Source: IWWA 2010
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Figure 13: Example of Distribution of fluctuation in usage flow rate per day

8. Management status of water meters in Kenya

8-1 Type of Troubles
(1) Troubles

occurred

@ Increase in mechanical wear due to elapsed years

(@ Small floating objects are caught in gears, rotational friction resistance increase

(® Occurrence of malfunction due to precipitation of soluble substance

@ Damage of upper glass plate and measurement canter

(® Repair meter using reusable parts with poor precision

©® "Installation angle" of water meter is inappropriate

(@ Mistake in installation direction of water meter

© Selection of bad water meter and etc.

8-2 Meter condition
(1)Model

Radial vane type water meters (ISO Class B / C) have recently been spreading from the Rotary

piston type, but future transition to the R standard is also being studied.

R-1#11-30



How to Manage Customer Meters 2018 Aug.

(2) Accuracy management of water meters
In Kenya domestically, the metering error standard manufactured by ISO-1993 (Class B/C) is not

unified. But some WSPs set up the original inspecting standard.

(3) Maintenance of the meters
The meter fault information is from the meter reader / customer, and the number of cases is

small. (Most of the water meters haven’t been managed for a long period)

8-3 Proposal for strengthening maintenance system
Maintenance items of the water meter to be implemented urgently are listed below
(1) Implementation of functional investigation of total water meters in use
(D Operation status of meters
(@ Damage status
® Easiness of meter reading

@ Dirtiness situation of meter

(2) Formulation and implementation of replacement plan for defective water meters

(3) Appointment of performance manager of water meter and implementation of action plan

(@D To find out abnormality at an early stage, check the amount of water used from monthly
meter readings.

@ Investigate regularly with a test meter etc. Whether instrumental error of the water meter
is within use tolerance.

@ It is necessity to understand the actual condition of the amount of water used in a typical
household from the day to day

@ To systematically replace the meter, manage the certification valid period.

(® Maintain the meter management ledger on a regular basis

(4) Strengthening oversight of installation work (before and after)
(D Check the mounting angle of the meters.
@ Check for leakage from around the meter.
(@ Removal of earth and sand around the meter (included meter boxes)

@ Check whether the certification stamp / indicator etc. is properly attached.

(5) Preparation of management criteria
(D Creation of planned amount of water usage table
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@ Creation of selection standards for “flow rate standards by type of water meters”
® Development of an action plan for updating and exchanging meters

@ Update meter installation standard

® Development of meter inspection standard

© Updating installation guidelines for meters

8-4 Procedure for selecting proper water meter size, model and diameter of water service pipe
(1) Current status
The method of selecting the meter diameter that many WSPs implement is as follows.
(D Meter diameter is selected according to the size of existing water service pipe.
@ The quantity of water used is confirmed from the family composition of the applicant.
(2) Implementation of information gathering to provide meters with stable performance for long
periods to customers
(D Implementation of field survey of water usage
(Choose a customer with a typical family composition, collect basic data for a long
period with "electronic test meter / master meter" and use it as the basic data for
calculation of planned water volume)
@ and then, Creation of planned amount of water usage table

Example of simple standard Table

Table 12: Example of Planned water amount to be service

# Classifications | No. of house ST Urwat“ iz Remarks
supplied
Residential 1 1.0 -
2 Residential 1 0.5 single room
1~3 Q=1.0x N x 10070
5 Mass housing 4-10 O=LOXNx90% N = Number
= 11-20 Q=10 % N x 80% of resident
21-29 Q=LOxXNx 7P

Yokosuka WSB
(® Buildup of the diameter calculation way of a service pipe and a water meter

@ Creation of flow rate standard by type of water meters

® Collective analysis and arrangement of the catalog and engineering data of meter
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4 NOTE: 9. Exercises

With the spread of meters of R standards, the precision of metering error in the small flow rate 9-1 Meter reading

range improves over the ISO-B / C class, so knowledge that the choice of caliber and model of Questions
(1) How to read the water meter

highly reliable water meters for long periods can be proposed to customers,

| 10m*

150-B Class

Qni1.5m¥%h
Qumin: 0.030 m%h

0.01m*  Retsson

=10 liter

0.0001m?

{ Rotation =
1 liter=

1000cc

Figure 14: Example of Water meter display

(2) What is the displayed water volume?

Comments:

(3) How many years do you use?
(Condition: 10 m3/M is used)

Comments:

Figure 14: Example of Water meter display
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9-2 Meter Pressure test
Questions

(2) Why, you need a water pressure test of the meter?

For Example:

Loaded water pressure: 7kgf/cm? (for 60 sec.)

Acceptance condition: No Leakage of water & NO deformation by visual examination

Meter Inside

Meter Leak Test Equipment Loaded Water Pressure (7kgf/cm?)

Figure 15: Water meter Pressure test

Comments:

—END—
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1. Objectives
@ Understand the test standard
@ Understand purpose of water meter accuracy test
® Understand outline of ISO 4064-1993 test methodology
@ Understand water meter test bench method by volume-capacity method
(® Understand concept  of the test method (ISO 4064-1993)
® Understand how to record on the data sheet

(@ Understand how to analyse test result

2. Introduction
(a) Since the meter to be inspected is manufactured under the old ISO standards, the method of
inspecting instrumental differences is in conformity with ISO 1993 standards.
(b) A Water meter test bench is used to test water meters in Qn, Qt, Qn and Qmax flow rates and be

able to determine accuracy errors

3. Key words definition

KEBS Kenya Bureau Of Standards

JWWA Japan Water Works Association

ISO International Standards Organization
Q Flow Rate

Qmin Minimum Flow rate

Qn Nominal Flow Rate

Qt Transitional Flow Rate

Qmax Maximum Flow Rate

4. Why is water meter test bench necessary?
4.1 Purpose of the survey
In order to grasp the commercial loss caused by the water meter, the water meter test bench is
operated to be invested the meter error, and the influence is evaluated.
@ Prediction of meter insensitive water amount
(See Water Balance Analysis Table: Item-®in Water balance analysis table of Metering
Inaccuracies below)
@ Impact on toll collection
(® Non-revenue reduction effect by exchanging new meter
@ Others
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Table 1: Water Balance Analysis Table (IWA STD)

Qt:
System
Input
Volume

(m?/Y)

D1: Vi: (D Billed Metered Consumption  (including water | Q2: Revenue
Authorized | Billed  Authorized | exported) (m®/Y) Water(m®/Y)
Gonsumptio | Consumption (@Billed Nan-metered Consumption(m®/Y)
n (m%/Y) (m°/Y)
V2: @Unbilled Metered Consumption(m®/Y) Q3:
Unbilled Authorized | @Unbilled Non-metered Consumption(m®/Y) Nan-Revenue
Consumption(m®/Y) Water(m®/Y)
D2: V3:Apparent (®Unauthorized Consumption(m®/Y)
r"te' Losses(m?/Y) | ®Metering Inaccuracies(m®/Y)
(r:;s/s;s V4: @ Leakage on Transmission and /or Distribution
Real Losses Mains(m®/Y)
(m®/Y) Leakage and Overflows at utility = s Storage
Tanks(m®/Y)
(QLeakage on Service Connections up to Customers
‘Meters(m®/Y)

Source: IWA: International Water Association Standard

4.2. How to determine meter insensitive water rate (For example)

When it is difficult to grasp the amount of insensitive water of the current water meter, estimate it

by the following method.

D "2 to 3%" is adopted from the accuracy check result of the meter.

(@ Experience value in the past

® In the IWWA Q 100 standard, "2%" is proposed.

@ The instrumental error of the meter is set to "5%". (Due to verification tolerance2% to

5%)

® Quotation of numerical values of other water enterprises.

® Do not consider
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g 1r o=l
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G e o PR T PR ] .
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Age of Service (Years)

Figure 1: Year of use of meter and insensitive water rate (%)
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¢ NOTE:
Confirmation of water meter error is important (reduction of insensitive water of
the water meter)
(1) Measures to reduce commercial losses caused by insensitive water specific
to a water meter are important issues
(2) If you do not maintain and manage the water meter, the accuracy of measurement
decreases along with the age of use.

(3) Resulting in an increase in the amount of insensitive water.

4.3. Cause of occurrence of commercial losses (Refer to Figure 2)
D Insensitive water of the water meter
@ Illegal connection / Water theft / stealing
@ Meter reading/accounting error

@ Other (for example Occurrence of arrears payment)

Economic target for
commercial loss Meter under

Existing commercial lass

Figure 2: Conceptual diagram of commercial loss (by IWA)

5. Standards of water meter accuracy test
5.1. Kenya Standards (KEBS)
(1) The standard for water meters in Kenya is a joint standard of British standard, EN and
ISO which KEBS recommends. (ISO 4064-1-2-3-4-5 2014/OIML R-49: 2013:
standards are the basis)

(2) The test methods conform to ISO 4064-1: 2014 / OIML R 49-1: 2013.
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BS EN 150 4064-2:2014

. -~
BSI Standards Publication

Water meters for cold potable
water and hot water
Part 2: Test methods

5.2. Main improvement of ISO Standards
(1) The international meter quality standard (ISO 4064-1993: old standard) improved in
2005 (ISO 4064-2005: new standard) because the amount of dead water reduction is
greatly affected by the performance of the meters.
(2) Conventional meter accuracy evaluation (ISO - 1993) was classified by Class A to E
(Class A is low performance, Class E is high performance), but in the new standard
(ISO - 2005), from Class display It is revised to "R value = Q 3/ Q 1 ratio" indication,

and as R value increases, it is classified as high performance.

5.3. Outline of ISO 4064-1993 standards (OLD Standards)

Old water meters manufactured to be conformed ISO 4064 Edition 1993 until 2003-2004.

In this standard, a meter is defined by its nominal flow, Call Qn, and accuracy classes, A,

B,CandD. (Refer to Figure 3)

% of armor
wud -_‘ Cims B
2% 4
Crmin 2 Ormin Cirw o > Gn Qmax
o% ——} } 1 1 1 }
WEETO 1@ B b o 00
gl flow (i)
L% 4 ‘

Example of Qn 3.5 m3/h (Class A,B,C)

Figure 3: Example of Error Range of ISO 1993 Standard

Table 6: Adoption trend of new standards in each country

Country name Japan England France Germany

Model of meter Single/Multi-Jet Rotary-Piston Single-Jet Single-Jet | Multi-Jet
R —value 80/100/125 80/100/160 100/125/ 80/100/12 | 100/125/1
(Q3/Q1) /200/250/315/400 160/200 5 60
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¢ NOTE:
(a) Since the meter to be tested is the ISO-A, B, C class, the water meter test bench is

subjected to instrumental error check according to the ISO 1993 standard.

(b) Refer to the topic “How to manage a Customer Meter” page XXXXX

6. Various types of meter test methods in field
6.1. Survey methods

The method for investigating the change in the meter difference with the number of years past

is shown below.
(D Master-meter method
(2 Measurement method of actual flow rate (with container)
(@ Water meter test bench method (Test procedure equivalent to ISO 1993 standard)
@ Electronic test meter method

® Dedicated water flow device (at the meter factory)

6.2. Outline of survey method
(1) Master-meter method
In this method, "existing water meter" and "master meter: tested meter" are connected in
series at the site, the difference between the flow rate values of both is calculated, and the

instrumental error is measured.

(a) Points to remember

(D Make sure to calibrate the measurement precision for the master meter.

(b) Features

(D Equipment difference is calculated at a flow rate close to actual usage.
@ Continuous investigation is possible without disturbing residents (without stopping

water supply).

(c) Equipment to be used
(D Meter already certified - 1 set

@ Protective Box 1 set

@ Installation / Removal work 1 set
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(2) Measurement method of actual flow rate (container method)
In this method, the amount of water of the existing faucet is stored in a container, and the
amount of water of the existing meter and the actual volume (amount of water of the

container) are compared on the spot.

(a) Points to remember
(D When converting the weight of water into a volume, it is necessary to consider water

temperature difference "specific gravity difference".

(b) Features
(D Equipment difference can be calculated with a flow rate close to actual usage.
@ Measurement is possible in a short time without disturbing residents (without

stopping water supply).

(c) Equipment to be used
(D Water receiving container (Ex. bucket) - - 1 piece
(@ Weight scale 1 piece

(® Water temperature gauge 1 piece

(3) WATER METER TEST BENCH METHOD
The test method can be roughly divided into three kinds by the standard machine. (Refer

to Table-3)
Table-3 Types by Standard Equipment
Methods Standard Equipment
1 Volume Water tank/ container, and etc.
2 Weighing Weight/ water tank/ density meter
3 Comparison with flow rate Master meter and etc.

(1) Volume method
This method measures the capacity of a standard water tank. (Refer to Figure 4)
The test water is sent to the inspection meter, and "instrument difference" is
measured from the difference between "measured value of the test meter" and

"actual flow volume of the tank".

(a) Points to remember

@ Always calibrate measurement precision with a flow meter.

@ Check that the pressure gauge on the outflow side always has a back pressure of
0.05 KPa or more.
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Control
Valve

From Water  £rom Elevated
Distributing  \yater Tank
Pipeline

Drainpipe

Figure 4: Principle of the Water Meter Test Apparatus Method (Volume method)

(b) Equipment to be used
(DWater meter test bench,

@ Water tank (small: 100 to 500 liters, large size: 1 m 3 or more) - - 1 set
(®Flow meter (3 to 4 types L/h): 5 to 100, 100 to 1000, 1,000 to 100,000) - 1 set
(DPressure gauge 2sets

(2) Weighing method
This method is based on the weight of the water tank as standard equipment. (Refer to
Figure-5)
The test water is sent to the inspection meter and "measured value of the test meter"
and "measured amount of water passed through the platform scale" are calculated, and
"instrumental difference" is calculated from the difference.
Note that water temperature correction is important when converting from weight to

water amount.

(a) Points to remember
(DBe sure to calibrate measurement precision for weighing scale and water

temperature gauge.
@Check that the pressure gauge on the outflow side always has a back pressure

of 0.05 KPa or more.

Exm)

- -

EWW:ZJZ?—

Figure 5: Principle of the Water Meter Test Method (Weighing method)
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@ The density g/cm? (specific gravity) of water depends on water temperature.
Measurement of water temperature is indispensable when converting the amount

of water from the weight of water.

o)
1.000 >

ZiEhdnansentes
2 0.9998 ~ e
2 ]
£ 0.9996 \\
z
Z 09994
= .
A =] 1|
= 0.9992 - i v
11
£,
0.9500 2 W 10 12 14 16
Temperature °¢C
Figure 6:Density of water (g/cm3)
Table 4: Water Density Chart
Water density (g/cm’)
) Afier the decimal point
Temp£'c) 0 1 7 ] 3
) 639841 | 0. 99964] | 0.999854 0. 999866 0. 539859
599900 | 0.999505 | 0. 999907 | 0999918 | 0. 999554 |
539941 999947 0. 999853 0. 998962
999965 0999958 | 0 0999870 0949973
000973 0099973 | 0. 0_000072 0, 000068
999965 0,999%61 | 0 90! 0999957 ; 0, 899947 |
599941 0, 999935 . [ 0999916 | 0,999911
T 905902 | 0. | 0. 699853 | GGUEGE | 0. 999961 | 0. 999855 |
] [0.099840 | 0 990643 | 0099837 | 0.009796 | 0.099769
] 999781 | 0.099774 | 0999766 | 0.9 999726 | 0.099717 | 0999709
950700 | 0949691 | 0.699682 | 0. 699635 | 0.095625 | 0999615
999605 | 0. 999585 | 0. 999585 999520 | 0, 999509
999498 | 0099486 | 0999475 939407 | 0999390
900377 | 0.999364 | 0. 099352 009272 | 0. 999258
| 0.900744 | 0999730 | 0, 999716 . G09T20 | 0. 999114 |
5 099099 | 0.099084 | 0.999069 098991 | 0.998975 | 0998959
6 008943 | 0.098926 | 0.098910
T 908774 | 0.998757 | 0.998739
] 998595 | 0. 998576 | 0, 998558
9 998365
20 [t | 0598162
2 897992 | 0.997970 | 0.997948
7 997770 | 0.9977471 | 0997724
3 007538 | 0.007514 | 0, 097490
I] 607296 | 0 997271 | 0.997246 | C [t T ; [o. [T
i 997044 | 0.097018 | 0.996992 | 0 996967 | 0996941 | 0.096914 | 0. | 0996862 | 0.996836 | 0. 996809
2% 906783 | 0.096756 | 0996720 | 0 996703 | 0.G96676 | 0.896649 | 0 096594 | 0.99656] | 0. 996540
27 9065 996485 | 0.596457 | 0.996420 | 0.996401 | 0.596373 | 0. | 0596317 | 0.996289 | 0, 996261
2% 9562 . 996204 | 0.996175 | 0.996147 | 0.996118 | 0.996089 | 0.996060 | 0.996031 | 0.996002 | 0.995973
9 955944 | 0.995014 | 0.995885 | 0 095855 | 0 995826 | 0.095796 | 0 995766 | 0.095/36 | 0.995706 | 0995676
— 595645 | 0 995516 | 0995586 | 0 985555 | 0 995575 | 0. [ 0995464 _| 0995433 | 0995407 | 0 995371 |
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(4) Electronic test meter method
In this method, "electronic meter (certified meter)" is connected in series to the existing
meter and the "equipment difference" is measured from the difference between "existing
meter value" and "actual flow value of electronic meter" at the site is there. (Refer to

Figure 7)

(a) Points to remember
(DThe electronic meter (tangential impeller) must always calibrate the measurement
accuracy.
@ Measurement of flow rate other than set flow rate increases measurement error.

@ Do not bring strong magnets closer to the electronic meter during measurement.

(b) Features
(D The equipment difference is investigated at the usage flow rate.
@ Measurement is possible in a short time without disturbing residents (without

stopping water supply).

(c) Equipment to be used

(D Portable electronic meterl set

@ Hose - Connecting device 1 set

(d) Measurement range
(D Maximum flow rate 1.0 m3 / h, intermediate flow rate 0.2 m? / h, minimum flow
rate 0.1 m? /hr,

@ Measurement accuracy = 2.0%

ntect Aies seninat Scrabohfrotet M)

Taw & Waler Sueels Hogasis' 3 beinl
mizal Glwsalnr sl Tar 14-iGe__

Dutiat Fioe

Figure-7 Installation drawing of Portable electronic Test meter
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7. Implementation of the meter accuracy test by water meter test bench
7.1. Component of the Test bench
(D Water Meter Test Bench 1 set (see Figure 8)
@ Recording paper 1 set
@ stopwatch 1 set
@ Water meter to be inspected 6 to 10 pieces
® Tool, others 1 set

Side View - — —

Ehorowonzan [f[o0 B| | Aot see e

F The plan view shows the position. i . 1
— | axmerly chart

@ () FrER

T 5 1 & 1 "|'x|' T ?

Figure 8: Water Meter Test Bench to be used (EMBU Delivered model)
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7.2. Confirmation of water meter specification to be inspected (ISO-Class )

IS0 4064-1993 (0Old

JIS B 857-2013/ISO 4064-2005

Standard) (New)
Type Multi jet-Dry-Radial vane Single jet-Dry-Radial vane
Class C R-100= (Qn / Qmin)
DN (mm) 15 13
Qn (m3/hr) 1.5 2.5
Display

Qa=2.8

g, =100 (Jia
b, !

R-1#12-13

Table 5: Coefficients of small caliber meters (ISO4064-1993, Qn=1.5m%h less)
Classes (IS04064- M:”:;:;:‘ —(‘i‘i—-—m—-‘-«-l"?"" . [’hlf“"

192} Small meters 15 0

Class A -

Value of Q max 20Qn

Value of Qt 0.10 On

Value of Qmin 0.10 On

Class B -

Value of Q max 200n

7 Qo 0.08 On Values of Nominal

Value of Qmin 0.02 On Diameter{DN mmm )

Class -

Value of Q max. 2000 J—

Valueof Q1 0.015 0 Source: KWLOG

Value of Qmin 0010 On

7.3. Conditions of performance test

Conditions

(@D Temperature of water used: 20+ 5 C

@ Water Quality:

+ The test water shall be tap water or equivalent water quality.
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+ Do not include objects (e.g. air bubbles, floating objects, etc.) that will adversely 8. How to evaluate the test result
affect the meter operation. 8.1. Calculation method of equipment error ratio
(3 Water pressure: A positive pressure of at least 0.03 Mpa at the meter outlet can be Meter error indicates the ratio between the amount indicated by the meter and the actual
secured steadily. amount of water.
@ Ambient temperature range: 15 °C to 35 C Relative Errorof __I1-Q 100
® Range of peripheral relative humidity: 25 ° C to 75 ° C Indication (%) Q
® Range of surrounding atmospheric pressure: 86 kPa to 75 kPa I= Meter's Indication Q= Actual Volume
(@ Scope of measurement (R value): Selection from the table (see Table 9.8)
The pressure loss of the water meter shall be within the operating conditions and 8.2. Meter test performance curve
shall not exceed 0.063 MPa (6.3 m = 0.63 kg - cm 2) at rated maximum water flow. (1) Acceptance criteria for tolerance

The allowable range for judging acceptance or rejection of product inspection is shown

7.4. Meter test range of flow rate below. (Refer to Table 7 and Figure 10)
Accuracy measurement of the meter is tested at three flow rate points. (D It must be less than the test tolerance of each flow rate.
(D Rated minimum flow rate Q1 = Qmin=30L/h @ If only one flow rate exceeds the test tolerance, the test must be repeated three
@ Transitional flow rate Q 2 =Qt=1201/h times, two times within the test tolerance, and the arithmetic mean of the three
(@ Nominal flow rate Q3 =Qn=1,500L/h measurement results shall be within the test tolerance

@ Limiting flow rate Q 4 = Qmax = 3,000 L/h

[S0-4046-1993 Table 7: Example of Allowable Tolerance
Class-B Qmin. Q2 Q3 Q max JIS B 8570-2
Facters 0.02 0.08 1,500 2.0
Formulas Qmin * Q3 | Q2 * Q3 Q3 2*Q3 Test tolerance Flow area
Test F1 te (I/h 30 120 1,500 3,000 ..
est Flowrate (Vhr) Rated minimum flow rate Q1 and above +5% Small flow rate
Transitional flow rate Below Q2 range
7.5. Example of Error specification of test flow rate (ISO-4064-2005) Nominal flow rate Q3 and above +2% High flow rate
At minimum 3 points calibration point, the test should be conducted in the following Limiting flow rate (max.) | Below Q4 (Water temperature : range

flow rate adjustment range. (Refer to Figure 9)

- (D First point = between Q1 and Q1 x 1.1

less than 30 degrees)

- @ Second point = between Q2 and Q2 x 1.1 8.3. Data sheet
. 1 1 = X .
@ Third point = between (Q 3 x 0.9) and Q 3 Table 8: Example of Measurement Data Sheet (Class-B)
Data Sheet of Water Meter Test Bench at EMBU 2018-March @ EWASCO
. PLinlet pressure = 0.4 bars P2 outlet pressure = 0.05 bars ISOSTD | Your STD
- Flow Rate: Qn (1500 Vh)
- Classification Stao Model/ type: WZ:Z;“’M CA:‘-‘:\T T:;L'“\f:;“z‘:;d “Total flow vol = 200 Its (Water Tank volume Flowed) c "
- o tomt No § o START_|__enp DIFRENCE ommnls 4| ey
- lal e 2 Situation R max Rl Fluctuation | % (in use)
'N: l’1 — Volume used ; 200 Its=0.2 m3 RI max () Rimax (m3) | R2max (m3) max (m3) % of Error %
- 1
£ l l 2
e pr— 2 3
S o o "~ :
. e e (Werlsg 5
" T <
. 7
a e !
- 5
: 10
. [ERED Filet pressiire = 0 Aars Plotetpresmire=Ibars 1SOSTD | Your STD
- L Quantity of Flow Rate: Qt_(120 Vh)
-1 Classification Sr.no Model/ type eme? G Total flow vol= 50 Its (Water Tank volume Flowed)
N pamicies [N (m3) 5 START END | DIFRENCE Comments |
3 Situation 2 NCE ! Fluctuation | 10% (inuse) | ™™
) e
Volume used: 50 lts= 0.05 m3 Rouf () R21tf R3tf | R3tf - R2tf % of Error %
Figure 9: Concept of Detail Error Range of Test Flow 1 } } I
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8.4. Performance curve

(1) Confirmation of Instrument Difference on Estimated Test Flow Curve

+10% Test tolerance

range oo Instrumental Test tolerance

CITOT CUTVes range
+3,
g 5 2 1‘0%
0% : z

Minimum starting flow rate

e §~10 L/Hr
=10%
Eo, LB
Instrumental
e 30L/ hr 120L/ hr 1.5m* hr 3.0m% hr
Q1 Q2 Q3 Q4

i -

Figure 10: Example of Performance Curve (Class B)

(2) Ttems to be evaluated
(A) Flow rate of Qn
(B) Flow rate of Qt
(C) Flow rate of Qmin
(D) Examples of comments on;
@ Prediction of meter insensitive water amount (distribution analysis table)
@ Impact on toll collection
(@ Non-revenue reduction effect by exchanging new meter and
@ Others
(a) Calculation of loss volume (loss amount) due to insensitive water
amount

(b) Accumulation of expense necessary for exchange meter

(E) Overall evaluation
(D Examination of cost effectiveness
(@ Examination of the timing of meter replacement
(® Confirmation method of investment effect

@ Future improvement plan

R-1#12-17
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9. Analysis of output from water meter test bench training
9.1 Result of OJT Training

Table 9: Example of result of OJT’s Water meter Test Bench (Class-B)

Result of Joint OJT at EMBU 2017-June-21 i EWASCO
PLislet presure - 0.4 ban P2 sutlet pressire = _bary 150 STD | Your STD
| | Flow Rate: Cm (1200 Vh) -
No | Clasifiestion Toaal flow vol = 200 Its ‘;:"::m'i ;
START | END | DURENCE | % oomente
Rigmi) | Ri(mi) | Ra-Ri % | =
1 | Old | 3576974 ‘\lfd'. Pass
2 | Customer [ Pass
3| vew | Pan | 22 % (New)
4 | Costomer a8 P |
§ | New s | Paw | 43% (New)
6 | Abovel000 | HSTO00 | | zmemer | % Refect |
7| Above S0 | Siussn | SIET 61173 | 0 | Reject |
L] Is Service WM0I8 pien GG LAE) 9 Pass
1 S04 ban P2 outlet prevsure = _bar IS0 5TD | Vour STD
% ity of |
No | Clssification | Srno | Model/ bpe “"E :‘m "::‘:" s Total fhow vol= 501 | (;‘I‘:_“‘:: .
! wnlmy [ START [ END T BIFRENCE [ Eme Sl i
£ 50 lis~ 0.05 m} 005 | B | mBR] % | o
L] pEM | | M3 | s;esw | 3sMeM | 1daerd | el | M Roject |
2 pom 15 2SS SO0FY | 205SADS9 | 2ISSESES | 004 | oo Pass
5| SUET | KiambuWSF | 15 | 06055 | 06088 | 06562 | 00504 | 101% | Paw | 5% (New)
4 pam | s 1635014 | 1635014 | 163SS25 | oosn | 1ar F Pass |
B e M| Kiamba WP |15 o [ e | e s
6 | Above 1000 | | sET | | 1s % Paus
2| AvoveBo- | - I S I 1 6l | . Reject
% | InService pam 15 0sls 09324 0 Fy Pass
P1 inbet pressure - 0.4 bars P2 autlel pressure = _bars SO STD | Your ST
| i ity of Flaw Rate: Qmin (30 Uh)
No | Classification | Seno | Model type e ‘rf:‘,' S Total flow vol = 20l cm
JUSE I wal(en3) | START END | DIFRENCE | e | *'pn (7| SOOI
Volume used: 20 s a0 R R B | % s
OW | ACITS8 | PSM | [ 15 | ast6wis | asteers | wem | w001 | M | o™ Reject |

Bssesws | 2358 . ool el . o A 2 e
osser | [oorsa [ orse P | %0 (New)
35716 0.0191 5% Pass.
08541 | ooiss | % | Pasn | £5% (New)
| | | amesss | om | oo Pass
051039537 68611 8611 [ e | Reject
1 I"L‘-'IE.H‘ 1 09524 | neTIE | 00l I 9% I -3% Pass

9.2. W

hat is your comment? (Refer to Table 9)

(1) Is the instrumental errors standard of the water meter of WSP fixed?

(2) About the meaning of plus / minus indicated by error rate,

(a) Is the error rate that WSP loses plus/minus?
(b) Is the error rate that the customer loses plus / minus?
(3) About rejected meter of ISO standard.
(a) Which trial flow rate has many rejected goods in using meters?
(b) Which trial flow rate has many rejected goods in NEW meters?
(4) Can you calculate the prediction of commercial loss from the measurement error of the
meter?
(5) What is corrective strategy about the claim of the unfair water rates by measurement error

of meter? -END-
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1. Objectives (Out-put)

(D Understand impart knowledge and skills to trainees on how to carry out water quality test as a
tool for leak detection and water theft in visitation

@ Understand determination of residual chlorine by colorimetric method collect representative
samples,

(® Understand interpret laboratory test results.

(@Understand determination of soil pH

(® Understand concept of danger prevention equipment

2. Introduction
Water is the primary need in human life. Therefore there is need to distribute water to the consumers
with a sufficient quality, quantity, and pressure, which needs a good piping system. However, in its
distribution process, sometimes there is some water lost problem caused by the pipe leakage and illegal
connection which can be detected by monitoring using basic parameters like pH, free residual chlorine
and Conductivity.

3. Key words definition

Water quality Measurement of suitability of water for desired use

Water analysis Physical/ Chemical/ Biological examination of water against standards
Sampling Process of collecting a sample portion from large body for analysis
Sample A small portion taken from parent material

Represented sample A small portion that resemble the parent material

Water quality standards Set standards beyond which water is contaminated

Water quality parameter Contaminants used in water quality monitoring

4. Method of Water Quality Analysis and Equipment

4-1 Determination of water quality as a tool for leak/water theft investigation.
(1) General
(D Residual chlorine measurement is done to determine the presence of residual chlorine in water
leakage and to determine the source of water leak.

(2 "Water" containing residual chlorine may be is treated water or industrial waste water
determination of leakage source should be confirmed in combination with other water quality
analysis methods. It is also important to comprehensively grasp information on the environment
and buried pipe at the site.

(® The residual chlorine concentration at the consumer point efthe-faueet is about 0.1 to 0.2 mg /
liter of free residual chlorine.

@ Tt is desirable to carry out "multiple times" water quality test to improve the accuracy of
judgment

® Examples of water sources containing chlorine are shown below.
(a) drinking water
(b) Spillage of disinfectant for water supply and pool
(c) Drainage of pool water (standard value: about 0.4 mg / liter)
(d) Process drainage of sterilization, Deodorization, washing water, etc. in the food industry, etc.

4-2 Determination of residual chlorine by colorimetric method
(1) Application
(a) Normally there is residual chlorine in tap water.

R-2#13-4
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(b) In the colorimetric method, a reagent is added to the test water, and the leak source is
judged from the reaction color.

(c) Generally, the DPD method is used. (Refer to figure 1)

(2) Reagent to be used
(1) ,Diethyl Para Phenylene diamine(DPD method)
(a) Reacted color
-#Peach — peach red discoloration

e When there is an interfering substance, it fades instantly and it may change to other
color.

(b) Substances that interfere with the reaction
Interfering substances include the following. (Bromine, iodine, chlorine dioxide,
ozone, manganese, chromium, aluminum, iron, copper, nitrite nitrogen, alkalinity -

acidity)

(2) Reaction colour by the Orthototidine method (OT method)

Note: The use of OT method is currently banned in some countries due to suspected
carcinogenic health concerns.

(a) Reactive colour
Light yellow — change to yellowish brown

DPD reagent used OT reagent used

Figure 1: Colorimetric reaction with residual chlorine

lid DPD reagents Residual chlorine
analyzer

Powder / so

Spectrophotometric

residual chlorine analyzer
Figure 2: Example of residual chlorine measurement method

4-3 Measurement of water temperature
(1) Application
(D Water leakage survey
Water temperature of tap water is different from groundwater, sewage and the like, and it
can be determined from water temperature measurement in some cases. In general, the

water temperature of the groundwater changes "not much change throughout the year" but
the others change.

R-2 #13-5
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(2) Water pressure change

The water temperature gauge is used to check the change of the pressure in the pipe due to
the change of the water temperature.

(2) Model

A common water temperature gauge uses a red liquid thermometer made of glass.
(D Mercury thermometer - - - High precision and wide operating temperature range.

(@ Red liquid thermometer - - The accuracy is slightly inferior, but it is easy to see.

(3) Features

(D The difference between the expansion coefficient of alcohol and mercury used for water
temperature measurement for water supply can be neglected.

(2) When the water temperature gauge breaks, alcohol (coloring kerosene to red) thermometer
is safer.

(4) Classification by shape etc.
(D Bar thermometer:

The scale is carved directly on the surface of the glass tube, it is hard to read, but it is
strong.

@ Double tube thermometer:

Since the scale is engraved on the glass plate behind the capillary tube, it can be read
accurately.

(5) Handling Considerations
@ Out of liquid

Since the temperature sensitive liquid of the glass thermometer may be cut in the middle
of the temperature-sensitive liquid column due to vibration, shock, abnormal partial

heating or the like, space may be generated. Before using it, be sure to check that there is
no liquid break about.

@) Parallax - - -

When reading the reading of the glass thermometer, read your eyes vertically to the

temperature-sensitive liquid column and within the same horizontal plane as the liquid
column top. (Refer to Figure 3)

3 X

Parallax error

2

NS

How to read the water temperature gauge

Rod like red liquid thermometer

Figure 3: Measurement of water temperature gauge
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4-4 Measurement of Conductivity
(1) Application
Conductivity measurement the instrument measures the amount of soluble substances in
water (indicator showing how much substance is dissolved in liquid). (Refer to Figure 4)

Figure 4: Example of portable electric conduction
measuring instrument

(2) Relationship between electrical conductivity and water temperature

(a) It is usual to display the electric conductivity at 25 © C because the electrical
conductivity increases as the water temperature rises (about 2% increase at 1 °C
rise).

(b) The electrical conductivity of tap water whose source is surface water as raw is
about 100 to 300 uS / cm, but it varies with weather, season, and water quality, so
the exact numerical value will be confirmed by water quality analysis. (Refer to
Table 5)

(¢) The unit is in the relationship of conductivity =puS/cm=1/(Q - cm).

River water (downstream) Leachate from waste disposal site
Sewage 3000~7000
'300-800
0.01 0.1 | 10 100 + 1,000 10,000 100,000 1,000,000( & §/cm)
+ w
T Ultra pure v}[\[ Boiler
. . amwaler ap waler - N
water  Pure w::llcr (10-30S) | \{:E” . water  Seawater

Theory pure Commercially ' Cooling

waler (0uS) available distilled water water

Fig. 5: Approximate electric conductivity (@25 ° C)

4-5 Measurement of pH value
(1) What is pH measurement?

It represents the degree (strength) of acidity / alkalinity of the aqueous solution, and it is to
measure the numerical value from 0 to 14. (Refer to Table 1)

Table 1 pH classification

pH Nature of the liquid
0~3.0 Acidic
3.0~6.0 Mild acidity
6.0~8.0 Neutral
R-2#13-7
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8.0~11.0 Weakly alkaline

11.0~14 Alkaline

(2) Application
(a) Measure the degree of pH of test water. (Used as a judgment index of leak source)
(b) Investigate corrosion environment degree of piping from soil pH of buried pipe.

(3) Measurement method
(a) Abbreviation for pH meter (pH: potential Hydrogen, power of Hydrogen)
® The pH of the tap water (5.8 to 8.6) is close to the pH of natural water, and it is decided that
the value around neutral is desirable from the viewpoint of preventing corrosion etc. of the
water supply facility. (Refer to Figure 6 and 7)

——SeWage—e—
- =

Tap water

1 1 1 1 | I 1 N 1 1
F T T T T T T

+— —t——F—F—
4 5 8 7|8 8 0N 2B K

0o 1 2 3

H}_r(cilmchlorlc | Lemon Urine | Blood Soap Sodium

acl Tt il - =
Cl?gc Pure Sodium hydroxide
acl water carbonate

Figure 6: Comparison of pH values

/
A 4y

L
Figure 7: Example of pH measurement instrument

(b) Litmus paper
e Application
Litmus paper is a paper impregnated with litmus solution and is used to easily
distinguish acidity / alkalinity of liquid. (Refer to Table 1)

o Type
There are a roll type, a book type (there are two kinds of blue and red) and a bottle type
in Test paper. (Refer to Figure 8)

® Measuring method
(D Gently put the litmus paper into the liquid and raise it within 1 second.
(@ Shake the test paper gently to remove any excessive liquid
(® Compare the wetted part with liquid to the standard discoloration table within 5
seconds and read the pH.
(DReactive color (for book type)

o In the case of acidity
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Blue test paper — turn red. (PH = 6 to 0)
In case of neutral - - - not discoloring (pH = 8 ~ 6)

e In case of alkaline
Red test paper turns to blue (pH = 8 to 14)

VEST PAPGESS

Roll Type Book Type
Figure 8 Types of litmus paper

5. Soil pH

(1) Purpose
Soil pH affects external corrosion of buried pipe.
When implementing water leakage repair, it is necessary to measure soil pH in the vicinity of
burial, to utilize it to analyze the cause of water leakage and preserve analysis records.

Incidentally, corrosion of the buried pipe complicates overlapping of various values in addition
to the pH value, and corrosion occurs / progresses, but measurement of soil pH value is
important. (Refer to 4, (4) - (c)

o Corrosion rate increases when pH is 4 or lower
o PH value of acid rain (5.6 or less)
o Tap water (5.8 to 8.6)

(2) Measurement procedure (simple soil pH measurement method)
(a) Overview
After washing the dried sampling soil with tap water, measure the pH with Supernatant
water with litmus paper.

(b) What to prepare

Soil (dried in air): 20 g

Beaker (50 ml or 100 ml)

Measuring cylinder (container)

Weight scale and Glass rod

Pure water (or tap water *)

pH test paper (pH 4 to 7 can be measured)

® 060600

Figure 9: Analytical balance and test paper

(¢) Experiment method
Step-1; Weigh the soil dried in air (20 g) into a beaker

R-2 #13-9
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Step-2; Add 50 ml of tap water and stir with a glass rod for about 3 minutes.
(Or put in a lidded container and shake vigorously for 1 minute)

Step-3; Leave it for about 2 to 5 minutes until the supernatant becomes transparent.

Step-4; Apply pH test paper (litmus paper) cut to 1 to 2 cm to the supernatant, and
measure the pH against the color sample. (Refer to Table 2)

¢ NOTE:
As time passes, colour changes color, so quickly collates with colour sample

(d) Fill in the recording form, and utilize / keep it. (Refer to Table 4 Installation Environment)

Table 2 Relationship between soil pH value and iron corrosion degree

pH value Degree of corrosion
4.5 or less Acidic Extremely corrosive
4.5 ~ 6.5 Weakly acidic Corrosive
6.5 to 8.5 Neutral or weakly Non corrosive
alkaline
More than 8.5 alkaline e

Source: Electric erosion and soil erosion handbook (1966)

6 . Equipment to prevent danger
(1) Application
(a) Danger prevention equipment
It is equipment to ensure the safety of the working environment so as not to cause
occupational injury accidents when conducting leakage survey
(b) Securing traffic safety during work
When conducting water leakage survey and repair work, implement traffic accident
countermeasures
(2) Type of safety / security equipment
a) Toxic gas detector
The toxic gas detector is a device for always conducting an inspection before the leakage
prevention work is started in order to prevent workers' accidents of staff at dangerous places.

Analysis of hazardous gases is carried out with dedicated measuring instruments, but we
will ask surveys by specialized agencies as much as possible.
(a) Example of detection device (Refer to Figure 12-9)
® Explosion by flammable gas: methane gas (CH 4),
@ Asphyxia caused by oxygen-deficient air: Oxygen concentration meter
® Gas intoxication due to harmful gas: hydrogen sulphide, carbon monoxide
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PZtr=A91 (HiGm)

Figure 10 Example of Multi Gas Detector

(3) Security equipment Feoels
Safety equipment is a tool to prevent accidents caused by occupational accidents, and
equipment such as ventilator, air respirator, oxygen concentration meter, shall be prepared as
necessary. (Refer to Figure 11)

Oxygen/Air respirator Gas mask Oxygen Mechanical ventilator
concentration
meter
Figure 11 Example of Safety equipment teels
- END-
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1. Objectives (Out-put)
(@ Understand objective of planning and implementing NRW reduction Strategy
Table of Contents (@ Understand steps in developing and implementing NRW reduction plan.
(® Understand concept of self-assessment plan
. Objectives (OUt-PUL) cc.ceueiuiuininiiiiieieieiuiiiiiiieieieieticecaenenees 4 (@ Understand concept of action schedule
. (® Understand WASREB tools for NRW reduction plan by WSPs
o INtroduction .....ceveviiiiiiiiiiiiiiiiir e 4

2. Introduction

1

2

3. Key words definition .......c..cccoeveveiiiiininiiiiiiiiiiiiiiiiiininnnn 4
4 The key to developing a strategy for management of non-revenue water (NRW) is to gain a better
5

. Planning and implementing a NRW reduction strategy ...............6 understanding of the reasons for NRW, and the factors which influence its components. Then techniques
. Contents and layout of NRW reduction plan «..........ceeeveeveenen. 38 gnd progedures can be developed and tailored to the speciﬁc charactc?ri;tics of' the_network and local
influencing factors, to tackle each of the components in order of priority. This diagnostic approach,

5-1. Introduction followed by the practical implementation of solutions which are practicable and achievable, can be applied

. to any water company to develop a strategy for NRW management.
5-2. Analysis of the Current Status yw pany velop &y €
The first step in planning and implementing a NRW reduction strategy is to ask some questions about the
. . network characteristics and the operating practices, and then use the available tools and mechanisms to
5-4. Implementation plan of NRW reduction suggest appropriate solutions for formulating the strategy. Typical questions are:

5-3. Setting Targets (Target NRW ratio and target arca)

5-5. Monitoring and Evaluation o
How much water is being lost?

6. Prioritization Implementation Plan of NRW Reduction .............. 9 " Whereis it being lost from?
7. WASREB tools for NRW reduction plan by WSPs ..................12 - Why is it being lost?

7-1. Self-Assessment Matrix by WSPS .. What strategies can be introduced to reduce losses and improve performance?
8. Analysis / Self-assessment and Action schedule 14 How can we maintain the strategy and sustain the achievements gained?

8-1By WSPs (1) The first two questions: “how much”? and “where from”? can be addressed by conducting and
8-2 By WSB analyzing the water balance.
8-3 Action schedule by WSP/WSB (2) The components of NRW, and the priority areas of the network for investigation, can be determined

by conducting a water balance.

(3) The planning and implementation of the NRW strategy addresses the remaining three questions —
“why is water lost?”, “how can we control losses?”, and “what policies can be put in place to sustain
the improvements?”

(4) Tasks and tools for development the NRW reduction strategy is shown in Table 1.

R-1#14-3 - R-1#14-4 -
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Table 1: Tasks and tools for developing a NRW reduction strategy

2018 Aug.

QUESTION

TASK

1. How much water is being lost?
Measure components

Water balance
Improve estimation/measurement techniques

Meter calibration policy
Meter checks

Identify improvements to recording procedures

2. Where is it being lost from?
Quantify leakage
Quantify apparent losses

Network audit
Leakage studies (reservoirs, transmission mains, distribution

network)

Operational/customer investigations

3. Why is it being lost?
Conduct  network  and
operational audit

Review of network operating practices
Investigate: historical reasons

poor practices

quality management procedures
poor materials/infrastructure
local/political influences
cultural/social/financial factors

4. How to improve performance?
Design a strategy and
action plans

— design

Up grading and strategy development

Update records systems

Introduce zoning

Introduce leakage monitoring
Address causes of apparent losses
Initiate leak detection/repair policy

short-medium-long-term action plans

5. How to maintain the strategy?

Policy change, training and O&M

@ Training:
0 Improve awareness
0 Increase motivation
0 Transfer skills

0 Introduce best practice/technology

4 Operation and maintenance:
0 Community involvement

0  Water conservation and demand management

Programs.
O  Action plan recommendations
0 O&M procedures

R-1#14-5-
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3. Key words definition

Strategy A plan of action designed to achieve a long-term or overall aim.

Target The process of identifying something that you want to accomplish and
establishing measurable goals and timeframes.

Prioritization To arrange (items to be attended to) in order of their relative importance
Monitoring Observe and check the progress or quality of (something) over a period of
time; keep under systematic review.

Sustainability | The ability to be maintained at a certain rate or level.

4. Planning and Implementing a NRW reduction Strategy
Water is a fundamental resource for human and economic development. Many water Utilities in Kenya,
are not able to account for large portions of water they deliver.
In some cases, the NRW is above 50%. This is a major cause of concern in terms of inefficient use of
the scarce water resources.

It also affects a Utility ability to earn revenue to support its financial sustainability and thereby offer
efficient services. A utility which has high NRW means it has lower revenue which implies it does not
have funding to fix the problem that causes NRW and NRW increases.

In order to address the situation of high NRW and achieve the required efficiency, a water utility need
to operate in an environment in which NRW declines, revenues increase, the utility has funding to
invest in system improvement and network expansion resulting to further decline in NRW.

@ Developing and implementing a successful NRW reduction plan entail the following steps.

Step 1: Gain support for a Non-Revenue Water Reduction Project.
NRW programmes require resources and time which are scarce. Therefore the first step should
be to outline an NRW programme.

The programme should show the anticipated benefits in order to gain support of utility
leadership and customers.

Step 2: Establish an NRW management team.
The team performs the analysis and develops a strategy, recommends intervention and oversee
simple mentation.
The team must include members from all the utility departments that are Administration,
Technical (production, distribution) and incorporate (customer service, communication etc).

This is crucial in order to promote ownership and build consensus by the utility senior
management.

Step 3: Calculate the water balance.
The water balance will show the magnitude of the losses and the areas where NRW is present. This
will enable making decisions in the use of the limited utility resources in areas of high return in
revenue and cost cutting.

R-1#14-6-
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Step 4: Set NRW reduction targets.
The utility should set realistic targets for NRW reduction taking into consideration the utility's 5. Contents and Layout of NRW Reduction Plan
goals, policies and resources and any targets established by the National water policy and the There are many activities that constitute NRW reduction measures.
regulator. The purpose of a NRW Reduction Plans to determine the most suitable measures for adoption and use the
The National Water Services Strategy (NWSS-2007-2015) for NRW is 42% by 2015 while the available budget effectively. A NRW Reduction Plan must include the following components:
benchmark by WASREB is 20% in 2030.
5-1. Introduction
Step 5: Identify NRW reduction projects. This covers the WSP's background; rationale for the Reduction Plan, assumption in developing the

Undertaking Pilot Project to demonstrate the effectiveness of NRW reduction is a useful way to
start because it will generate lessons and it will show the value of NRW reduction strategy.
Pilot Project cover small areas that are still large enough to test the NRW reduction strategy.

The type of pilot projects can vary from improved metering to better customer accounting to full-
scale repair and rehabilitation of the network and customer service connections.

Step 6: Prioritize NRW projects.

Most utilities face scarce resources in staffing, equipment or funding.

The potential projects will have different levels of payback, impacts on service, timing etc.
Prioritizing is the way to select the projects that will have the greatest overall benefit and to decide
on the timing of when projects are accomplished.

Some projects may reduce NRW significantly but will have a high cost. Others may have a lower
cost and lower reduction but can be accomplished more readily because resources are available.
Gains from doing these projects may generate additional revenues, which can then be used to
accomplish the more expensive projects.

Step 7: Planning and Approvals

In order to gain resources, the NRW team will need a budget that is approved by the utility
leadership.

Therefore when developing a NRW plan, remember that reducing NRW is not a short- term
process. Some activities may span years rather than months.

A time frame between four and seven years is reasonable. Anything less is ambitious and any more
will not be as cost effective. In preparing the budget, the team must identify costs that may include:

(1) Staffing for both direct NRW Works (e.g. Leakage technicians) and indirect support (e.g.
Procurement staff)

(2) Equipment installed permanently (e.g. OMA meters) and those used on a day to day basis
(e.g. Leakage detection equipment)

(3) Vehicle and equipment to maximize the productivity of staff.

Step 8: Implementation and Monitoring.

As the Project takes place, it is a good idea to monitor both the costs and benefits and compare
them to budgets and NRW targets.

This will demonstrate the benefits of NRW reduction and build support for the strategy. It will also
allow the team to take action to improve performance as needed.

Step 9: Sustain the gains of an NRW reduction projects.

NRW management is a continuous process. Even after the initial gains are made, NRW must
continue to be managed.

This requires vigilance and attention to make sure that leaks are eliminated when they occur, that
all customers are legally connected and billed and all water uses are tracked.

R-1#14-7 -

plan methodology of developing the plan, and organization of the plan.

As geographical and social conditions are unique to each WSP, any existing problems related to
these conditions must be identified. Hence the overall management, financial status and funds
availability are all important factors in the planning for NRW reduction.

5-2. Analysis of the Current Status

It is important to first understand the current situation that is causing high NRW in the WSPs.
Therefore the analysis of the current status should be based on a self-assessment carried out by the
WSPs using the SELF ASSESSMENT MATRIX.

As a first step it is important to understand to what happens to water when it enters the network.
Therefore NRW ratio must be calculated by using volume of distributed water (system input
volume) and billed authorized consumption volume.

In cases where the volume of distributed water and/or volume of consumption cannot be correctly
established, then the priority should be placed on the installation of flow meters and/or water meters.

5-3. Setting Targets (Target NRW ratio and target area)

A companywide target for NRW reduction, taking into account the utilities other goals or policies
that will either complement or conflict with NRW reduction should first be established.

This target should be guided by the National water services strategy and the sector benchmark as
issued by the Regulator. Often, many utilities chose the NRW target arbitrarily, without any real
consideration of cost implications or whether it is achievable.

Identifying the economic level of NRW is essential to setting the initial NRW target, and it requires
a comparison of the cost of water being lost versus the cost of undertaking NRW reduction activities.
For utilities with more than 35 % NRW ratio, commercial loss reduction and visible leakage
reduction measures must be given priority.

For those utilities with NRW ratio of between 35% and 25%, invisible leak detection and repair are
necessary. At 25% to 15%, it is necessary to replace aging pipes.

Significant amount of funds will be required to replace all aging pipes and therefore, it is necessary
to prioritize areas and also activities.

Generally, leakage occurrence record must be plotted onto a map, which will show areas with high
occurrences of leakages.

Areas with high water pressures and also large pressure variations should be given priority. Further
if there are any asbestos cement pipes, replacement of those must be prioritized.
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5-4. Implementation plan of NRW reduction
It presents the implementation matrix, which covers for each of the strategies, proposed actions, Bill
of Quantities and Cost Estimates, Implementation Schedule, expected outputs and output indicators.

5-5. Monitoring and Evaluation
This is essential for the success of the NRW management programme.
It allows managers to track progress against plans, budgets and expected results in the form of
performance indicators.
It also allows managers to take action when performance is lagging behind expectations or
exceeding budgets. To achieve the desired results from this plan, Monitoring through regular
observation and recording of activities taking place is important.

6. Prioritization Implementation Plan of NRW Reduction

Once the utility-wide NRW target is set, utility managers should calculate the proposed volume of water
saved by comparing the NRW baseline with the target level.

The various components, as detailed in the implementation plan for NRW reduction Table 1 are then
prioritized according to how the required total reduction can be most cost-effectively achieved.

That is, some components may comprise a significant volume, but would not be targeted because of the
high cost to achieve reductions in that component. On the other hand, focusing on another component may
cost less while reducing the same volume.

Therefore, the scope of implementation will depend on the financial capability of each and be guided by the
action plan in Table 2.

In general, if a physical loss is detected and repaired hen the savings will be in terms of a reduction in
variable operational costs.

When a commercial loss is detected and resolved, then the saving will be an immediate revenue increase
and this is based on the water sales tariff.

The water sales tariffs higher than the variable production cost for all profitable water utilities. Therefore, a
smaller volume of commercial loss may have a higher financial value, so if increasing financial resources is
the objective, then commercial losses should be prioritized.

Similarly, where a water utility has a shortage of treated water, and some customers receive less than a 24-
hour supply or the supply coverage is less than 100%, then reduction in physical losses would effectively
create additional water supply.

& NOTE:
Hence if increasing water supply is the objective, then prioritizing physical losses could
enable customers to receive water 24 hours a day, or new customers to be connected to the
supply system.
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Table 2: Example of Implementation plan of NRW reduction

Issue Activity Description Concept and Quantified Aim
Fundamental Water balance Establish water balance - This should be the first step in NRW reduction
measures: plan in order to establish the necessary

Water balance,
Flow, pressure
monitoring

components

System input
metering

Install production meter

- To determine actual levels of authorized
consumption and water losses in the water
supply.

- It is imperative that master meters must be
installed at the exit of water treatment plants
and bulk meters at the at the entrance of each
zone.

Consumer metering

Install customer meters

- Installation of consumer meters at every
consumer point to measure actual consumption
and therefore assist in the determination of
NRW

Pressure monitoring

Pressure gauge installation

- Determine current water pressure

Water pressure maps

Water pressure map

- Water pressure must be prepared from the
results of the pressure gauges

Maps/GIS

Pipeline map

- Pipe network maps and drawings are
absolutely necessary for WSPs to implement
efficient and effective NRW reduction measures
in the absence of drawings the WSP should start
by constructing drawings of distribution mains
and appurtenances. Information should include:
type, age length, valves, size.

Digitize mapping data

- Comprehensive map of the pipeline by CAD

Leak repair records

Check and repair leaks

Report and repair leaks
promptly

Check and report meter
tampering

- Necessary to provide repair records including:
diameter material, location, date of repair.

Provision of Basic
equipment

- Procurement of NRW reduction equipment. To
carry out leakage control work.

- Minimum requirements: listening stick,
electronic leak detector, pipe locator Metallic
and non-metallic)

DMA

- Establishment of DMAs require a lot of
resources. It is therefore recommended to start
by establishing a pilot DMA and to conduct
training on NRW reduction measures to relevant
staff.

Reduce
commercial
losses

Customer metering

Inspection of customer
meters

- Inspection of stuck meters, non-active and
aged meters

Ensure 100% meter
connection

- Improve customer meter ration

Replacement of aged

Replacement of non-active

- Investigate all suspected customer meter
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Customer meters.

and/or aged meters

tampering
- Repair or replace faulty customer meters

Customer meter class

Procure meters that meet
set standards

- Replace meters not meeting required
specifications

Customer database

Customer data base and
billing

- Update and maintain database with specific
times of update
- Procure suitable software to manage database

Customer meter
reading

Bill all customers on
monthly basis

- Develop schedule on meter reading cycle

Reduce errors in meter
reading

- printing of meter reading books
- Capturing all meter readings

- Bill adjustments

- Process the bills

Illegal connections,
meter tampering,
bypass.

Inspect illegal and dormant
accounts

- Identify illegal accounts

- Disconnect/legalize accounts Management to
be more vigilant in dealing with corruption
cases like meter interference, illegal connections
etc.

Form inspection team, take
legal action on illegal
cases, random monthly
inspection by Senior
management

Reduce
physical losses

Active leak control

Leak detection

- Conduct continuous leak detection on non-
visible leaks

Leak repair

- In principal, detected leaks must be repaired
immediately

Replacement of service
pipes

- When frequent leaks occur in pipelines,
replacement is preferable other than repair.

Replacement of
distribution pipes

- Effect plan for distribution pipe replacement
by providing adequate financial resources

Reduction of leak
repair time in
distribution system

Record time taken to repair
leaks. Analyze data to
determine average time
taken.

- Reduce reaction time of pipe repair to 6 hrs.
irrespective of size.

Water pressure Use pressure reducing - Water pressure of about 1MPs must be
management valves (PRV) maintained as much as possible throughout the
distribution system.
Capacity Training on NRW Train relevant staff on - To improve technical skills and capacity.
building management NRW management
Field visits
oJT
Public Awareness of NRW public campaign Create stakeholder awareness for proper water
awareness stakeholders on use and disseminate benefits of NRW
NRW management management
R-1#14-11-
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7. WASREB tools for NRW Reduction Plan by WSPs

7-1. Self-Assessment Matrix by WSPS
WSPs are required to prepare their own Non Revenue Reduction Plans based on the information and
practical guidelines as enumerated by WASREB standards for NRW reduction.

WSPs should take into consideration the characteristics and conditions of its service area to ensure that
procedures and measures established in the Reduction plan prepared in this manner will be custom made

and therefore best suited to reduce Non Revenue water effectively.

At the start of NRW activities, WSPs are required to conduct self-assessment in accordance with the
matrix shown below:

Table 3: Example for Self-assessment format

Lavel 1 2 3 a 5
Issues Basic High
1 Wator Balance, Flow and Pressure Monitoring, Mapping
14 Water Wéar harve not W have tried 1o Wit have: e have Wi hane
Balance established a water | eszablish a watar establiched a water | astablishad an esiablished an
balance table talance table but balance table annual wiher annual water
OAVE UD SINCE we fallvwing our own balance table in balanco table n

don't know the split | farmat accordance with the | accordance with the

in physical and i i format ral format

commarcial lkosses and also use 95%
confidence limits to

indicate accuracy
levels.

1.2 System Muost of our system | Not all, but less Our Sysbem ingut Cur system input Our system input
Input input is not metered | than 50% of our is metered but we | is matered with is mistored with
Metering system input ks are not sure aboul | mechanical and/ magnetic flow
matered the accuracy of the | or magnotic flow maotors that are.
meter readings meters that ane regularly calibrated
rarely caliprated
1.3 Pressure ‘We do not have any | We have a few We have a few We have a few We have
L o pressurs tl
installed installed at pumping | installed at i i led at ing | i Med pressure
slations and stations and station and loggers and
treatment plants treatment plants treatment plants continuously
and spe ically and spe i monilor pressure
measure pressure | measure pressure | Inthe distribution
in the in the distribut netwaork
natwark with netwark with
preseure gauges prassure loggers
1.4 Maps/GIS We do not have ‘We have maps, We have started to | Qur maps are We use GIS based
maps at all but they are not update our maps updated but donot | on updated maps
updeted include GIS
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Level 1 2 3 4 5
lssues Basic High
Leak Repalr Records
21 Leak Repalr We have no records | The anly way to We keep basic leak |We keep detailed | W keep detailed
Rocords of leak repairs know the number repair records that | records that records that

of leaks repaired only tell us whether |indicate location, indicate location,

is lo look into the leak was on pipe diameter, pipe diamater,

the customer @ main pipe or a material and lype | material and type

complaints book service connection | of leak as well date | of leak, date of
of detection and detection, date and
date and duration | duration of repair
of repair and have linked this

to our GIS

3 Parformance Indicators

ad Parformance | The conly Plused is | We have tried to We regularly We regularly We regularly
Indicatars % NRW calculate water calculate physical | calculate physical | calculate physical

loss p losses p and and
indicators Indicatars lozszes performance | losses performance
indicators indicators and
publigh tham in our
i annual raport

4 Active leakage sontrol

4.1 Agtive leakage | We only repair We have leak W carry out We have started We cover the
control visible leaks. dutection leak detection to do rogular leak | notwork by leakage

i it but we [« i if SUrveys, survoy at least once
do not useit. there is a specific a year,
problem in an area.
4.2 District Mater | Wa have no DMAs | We have started to | The first DMAS are | Wa have several Wi have sevaral
Areas ([DMAs)} | and have no plans | establish the first estahlished and DtAs and DMAS and monitor
to astablish DMAs | DMASs wiir hawve already sporadically check | flow and prossune
obltained the first and analyze inflow | on a regular basis
_ results data

4.3 Loak Ropair We have no records | Our average repair | Qur average repair | Our average repair | Our everage repair
- Distribution | and therefore don't | time is more than 7 |timeis between 7 |timeisbelween 3 | time iz less than 1.5
Pipes know how fast our | days per leak and 3 days per leak |and 1.5 days per days per leak
(Repair Time) | leaks are_repaired leak

4.4 Leak Repair We have no records | Our average repair | Owr average repair | Our average repair | Our average repair
- House and therefore don't |time is morethan | time is between 14 |timeis betwean 7 | time is less than 2
Connections know how fast our | 14 days per laak and T days per leak |and 2 days par leak | days per eak

leaks ara rapairad

5 Customer Metering

%] Custormar W hive no ] Orily large We have started Mearly all our 100% of cur
Mularing customer melering | cuslomers are with universal customers are

metered customer meters metered, except metered
but at present not public fountains,
all customers are stand pies and
metered of
similar naturs.

5.2 Customar We do not have Many of cur Wa only change We have a meter W strictly follow
Matar reliable information | customear meters. or replace meters  |replacement policy | our customer mater
Raplacameant on the age of our are older than 10 if they stop but have not been | replacement policy
and Age customer meters years, we have functioning able o replace all | and replace ALL

not yet introduced MhEbers S0 S0Mmo meters which ane
moter replacement of our customer 5 -7 years old
palicy meters are still
older than 10 vears
Level 1 2 3 4 5
Issues Basic High

5.6 llegal We have not made |We occasionally We occasionally We have a thorough | We have a thorcugh
Connections, | any assessment detect illegal detect illegal illegal connection | illegal connection
meter and have no connections cor and ion ion program
tampering, program to deal other forms of fraud and also identify
: with water theft bypasses
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Based on the self-assessment matrix submitted by WSPs, WSBs analyses the priority activities to be
implemented the WSP. (Refer to Table 4)

8-2 By WSB

Also, WSPs Self-assessment should be evaluates by WSB (County Government) for budgetary request
to the Central Government. (Refer to Table 5)

8-3 Action schedule by WSP/WSB

(Refer to Table-6)

Table 4: Example of Analysis and Self-assessment

Issues and questions

| Focal Point

[ Activities by wSB

1. Water Balance, Flow and Pressure Manitoring, Mapping

1.1 Water Balance

Accurate volume of NRW must be
determined. In order to determine
1his, accurate velume of distributed
waler {system input) and accurate
volume of waler consumption are
required.

In cases where minimum requirement of flow
meters are not installed, installation of the flow
meters must be prioritized

1.2 System Input Metering

Determine that flow meters are giving
accurate readings.

In cases where minimum reguired flow meters
installed are not accurate, inaccurate flow
meters must be identified and replaced at the
earliest opportunity.

1.3 Pressure Monitoring

Determine current water pressures.
Water pressure of around 1 MPa
must be maintained as much as
possible throughout the distribution
system.

Water pressure map must be prepared using

water pressure gauge.
Pressure Reducing Valves — PRV must be
talled or rearrar t of distri d pipe

lines will be necessary.

1.4 Maps/GIS

Accurate pipe drawings must be
prepared.

In case there are no pipe network drawings,
WSP must prepare them.
WSB provides training for Mapping.

2. Leak Repair Records

2.1 Leak Repair Records

Records of repair work must be
maintained. Results must be
recorded and reflected on the
existing pipe drawings.

WSB provides training for improvement of
information system.

3. Performance Indicators

Refer to Chapter 3

4. Active leakage control

4.1 Active leakage control

4.2 District Meter Area (DMA)

4.3 Leak Repair Distribution Pipes
(Repair Time)

4.4 Leak Repair - House connections

WSB must seek to support the

implementation of efficient and
effective leakage control measures
for all WSP.

WSB must provide the following.

- Orientation in the organization necessary
for NRW reduction measures.

- Procurement of necessary equipment

- Training for use of equipment

- Budget provision for implementation
of NRW reduction activities based on
priority of each WSP.

5. Customer Metering

5.1 Customer Metering

Complete understanding on volume
of customer consumption and
customer meters.

Awareness création on the need for 100%
installation of customer water meters.

Budget provision for installing customer watar
metlers.
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Table 6: Example of Action schedule (For WSP/WSB)

. - . = ACTION SHEDULE BASED ON FORM-, BY WSP Form-?
5.2 Replacement of nan-active and/or Determine the water meters that Training must be conducted for specified {Name of X% WEP) s of MR- K
aged customer meter need to be replaced. Oldest meters | meter qualification test {(Meter Test). _— i B i:“ 2031
and those in worst conditions should | Budget must be prepared for replacement of Target |
be prioritized. customer water meters. Establdussent of the
- A | orgasizanon for NRW
5.3 Customer Meter Class Determine the type of meters Training must be conducted for knowledge on Reduction
installed. The most suitable type of | water meter types and meter mechanisms. Estblisumrt of e
meters for the site condition must be B | Deparmens for Data sad
selectad. Infosmation Management
5.4 Customer Database Customer information must Information Management System such as the ¢ | Moo Rg\'\m:e w_lm | Fromxxto) | | ||
be rationalized for a more GIS should be introduced. o Bae 04 | Toxx otw
comprehensive management of NRW | Training must be conducted for GIS. Fliase-L
reduction. 0 Budget ;::: 3
5.5 Cuslomer Meter Reading Customer meter reading errors must | Training must be conducted for accurate . . | Phased
be detected and eliminated. meter reading. + i“""“f::"'n‘:'j:: L — .
Electronic meter reading devices and 1.2 | System lopw Metermg ] :I | |
computerized billing system must be 13 | Prossae Mosatoriag | [
introduced. 14 b GIS [ 1
2 Leak Repair Records
5.6 lllegal Connections, meter Detect illegal connections as much | Penalties must be implemented as stipulated 21 | Leak Repais Rocords [ L1 1 IERNENEN NNNREE] LTI I I
) H i 3 Performance Indicators
tampering, bypasses as ppssm?e. The best way tn_ by law, and walter theft must be pun!shad. i1 T perfomnce idicaors | 1Tl T EENNNE RN T I I
eliminate illegal connections is to lilegal connections must all be legalized. 4| Ative beakage conizol - . A -
replace all service pipes. 41 | Active leakage control n e GEREEN o
e [hsanict Meter Ageas
: (DMAs)
Leak Repaur - Dustaibuiticn
. 3
Table 5: Example of Format for NRW reduction Plan for WSB base on Self- assessment by WSPS Deofipn o) A HE  HA e
44
Connectioos | L] L L] | [ ] SEENEEES RN L L] [ 1] L1 Ll
z s Customer Alsering
e Current Desired Short Term RBSDI{I’CES By Whom By o ooy Distaring o TR —
aue - Status Status / Target Measure Required When Teomnes Mieter
o Age
1 Water Balance, Flow and Pressure Monitoring, Mapping 23 Cenwunu \::::bc Lass
54 ‘nstomer Datahase
11 |Water Balance 54 | Cussomer Meter Reading
1.2_| System Input Metering 55 | dlapal Comnecnons. matses
N tampenng. bypasies ||

1.3 |Pressure ing

14_|Maps/GIS

Leak Repair Records

21 | Leak Repair Records

Performance Indicators

(Repair Time)

31 Performance
indicators
4 Active leakage control

41 | Active leak control
4.2 | District Meter Areas

(DMAs)
4.3 |Leak Repair -

Distribution Pipes

4.4 | Leak Repair - House
Connections

Customer Metering

51 |Customer Metering

5.2 |Customer Meter

F t and Age
53 |C Meter Class
54 C D
5.5 | Customer Meter
Reading

5.6 | lllegal Connections,
meter tampering,
bypasses
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1. Outline of training DMA
(1) Area: about 83,000 m2
(2) Number of Customer meters: 150 pieces
(3) Extended pipe-line: Diameter 63~100 mm (PVC)
Diameter 20 mm (PVC)

g % UFM-2 i
Diameter 32~50 mm (HDPRE) UFM-2
(4 Total length:2,500 m : "

n

(5) MAP of DMA
In the DMA diagram, position information such as a gate valve for isolating the DMA,
route of pipeline, diameter, material, flowmeters, air valves, drain valves, water meters,

etc. are described. (Refer to Figure 1)

EWASCO N.R.W MONITORING EXERCISE.

)/\\ W NI
//‘ N Water Metor,
L = e A . * ’
Elementary D] ot Ve 5 E*) > "
Fipling
@"::'__"‘" Figure 1-2 Location of Flow measurement by UFM-2 in Mugoko Area in EMBU
- (Option-2)
—
;I:T;.m
Bk .
= 2. Causes of pipe damage
The causes of the leakage which occurred on a buried pipeline are shown below.
Table -1 Causes of pipe damage
\) Quality of pipe material @ Shortage of strength (pipe, joint, valve and etc.) |
@ Lack of corosion-resistant
@ Rapid progress of physical aging
o Technic of pipe laying @ Poor pipe jointing
T NEXT DMA ® Poor backfiling
et @ Touch with the other pipe and the other facilites
DMA Area: 83,500 Sam Condition of water g ur m:::“
No. of Water Meters: 150 PCS @ e on b}"\\‘r‘:’m
Total length: Abaut 2,500m @ Rapid change of water temperature
PYCPipe: Dia. 63100 mm
o of
PV pipe @ Dia, 20 mm Environment of pipe laying @ Iugmm ﬁmmm
EDEESTHa.:52=59 mi @ Movement of soil around pipe (freezing, upheaval,
- . and etc.)
o ‘*_ @ Corodent soil for backfil
~ior ! @ Change of temperature

Other utilities’ construction | @ Damage as the result of construction works
Figure 1 Example of DMA for Training at MTETU in EMBU (Option-1) work and disasters @ Damage of the road by earthquake
Source : JICA-Nagoya NRW training
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3. Introduction hearing ability of Human beings

The ability to detect leaky sounds is influenced by many experiences of leakage sound survey
and human hearing.

Here, we introduce the basic knowledge about sound and the inspection method of individual
hearing ability.

3.1 Mechanism for recognizes sound

The mechanism in which a brain catches sound captures a sound wave (sound) by an ear and a
bone, and a brain recognizes it as a sound by transmitting to an external ear = middle ear =

eardrum (vibrate sound) = brain cell.  (Refer to Figure-1)

Soundwwes

" Musitorgeanal  Tympankc  Round membrmre bpmpand
o

Leak Noise

Tempoeal muscle __
- Transmit sound 1o the ;
I/nlmcmthwdlﬂl: fmcriser canas
\\ ¥ tesmporal bone

Incu Stapes in
| oval wh

Scab vestivdl

Outer Ear Middle Ear  Inner Ear

Figure-1 Anatomy of the Ear

Source : Internet data edited

scapna —==1 | & thien ;
§ Enerssemate e | | |2
Je— Af-} 8 e A o W B .
Pals, | \ 3 /—pbound

3-2. Feature of a sound waves

Vibration which occurred from the sound source acts as a pressing-out wave (sound wave) further,
acts as a sine wave, and transmits the next air.

The example of a wavelength by an oscillating source is shown below.

Amu‘h‘mdr
'

Typleal Sine-waves

L) y \\'n'elolnlll ola I';ﬂil (B) ; i Waveleagth of Noise ()

Figure- 2 Example of the wavelength according to a difference oscillating sounds
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(1) Sound character
The following two character (dB and Hz) can hear phonic character as a sound put

together intricately.

(a) Sound "volume" (dB)

+Amplitude ) +A]mp1in_1de

-Amplitude

Figure-3 Typical pattern of Volume (dB)

(b) Sound "pitch" (Hz)

High-pitched sound
Il
Frequency is high

Low-pitched sound
1l F

Frequency is low

Figure-4 Typical pattern of Pitch (Hz)

3-3. Nature of occurring leakage-of-water sound
Types of water leakage sounds generated at the water leakage point are shown below. (Refer to
Figure-5)
(D Fricative sound when water spurts out of the pipe from the water leak hole
(@ Impact sound that the jetted water collides with the surroundings
@ Flowing water sound to squirt
@ Vibration noise of pipes generated by running water flowing out
® Fricative sound generated by running water flowing out
© Leakage sound transmitted to the water

(@ The above synthesized sound

R-3#15-8
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Surface of the ground

Impact sound

Flowing water 50utd  ypacr sound
to squirt

37 Pipeline Fricative sound Pipeline
h /J_,-a ’J};’H \ Vibration noise
\ \ Leakage sound \T22kee sound

B - tranamitted to the water
Fricative sound Vibration noise 'transmitted to the warter

| High Hz / Large dB leak sound| |LOW Hz / softdB leak sound‘

Flowing water sound -
to squirt fuddh,

Figuer-5 Types of leakage sounds generated

Material of 4 pipe :CIP@ 100 Material of a pipe : VP @ 100
(@ Pressure - 0.3 Mya (@ Pressure - (1.3 Mpa
=1 Dameter of theLeakdng bole © 4 mm

THameter of theleaking hole . 7 Sy

60 1.0m away from Leaking point

1.0m away from Leaking point

+10.0 m away from
Leaking point

) Skiz 108z
Frequeney Frequency
Frequency characteristic of leaking sound : CIP Frequency characteristic of leaking sound : VP

Figure- 6 Example of a waveform of leakage (1)

i/ Maximum Sensitivity

a\/”

" ____s‘:ml_\d Surface

level

Road Surface Digital
Noise Leak Detectors

Figure- 7 Example of a waveform of leakage (2)
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3-4. Man's listening Capability
The accuracy of leakage investigation is dependent on man's listening capability.
The leakage-of-water investigation person needs to understand self- listening capability to select

proper survey equipment to be used.

3-5. How to test
(1) Location of consultation

Inspect in the special hospital of otolaryngology.

Q| NAIROBI AUDIOLOGY CENTRE

(HEARING & BALANCE CENTRE)

Grace Kang'ethe
Do (bl b, gt Do, 13T M)

Do gy 00)
[Ty

Tek 2090812 /9721 430581

LANDMARK, PLAZA Fax 5731308

1% Floor 0 B 208 - 0000

Arwings Kochek Rosd aisots, Moy
[Opposie Eeet

y ton 8
(Healing is our concern}

(2) Method

Generally hearing test is inspected by Pure-tone audiometry

(3) Procedure of a test (Refer to Figure-8)
(a) Inspect the combination sound of Hz and dB to produce from an eardrum.
(b) Inspect the strength of occurring Hz from the bone of an ear.

(c) The relation between Hz and dB which was able to be caught is shown in a graph.

Soundproof

Oscillo meter (Audiometer)
Hz; 125,250,500, 1000,2000,4000 and 8000
dB: 0 to 110

ine with two routes
from bone and outer ears

Source : Internet data edited, Yomiuri online 2018-03 Preparation of Oscillogram record

Figure-8 Procedure of Simple hearing test approach by Pure-tone audiometry
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3-6 Test result

dé
=20
=10
0

10

30
40
50
6l
0
80
o0
100
110
120

(1) Typical Patterns
The example of a test result is shown below.
dB dB
- =20
_."r: -1
0 0
20 20
30 30
et car (bone) 40 - T 1efe car (bone) 40
C Right ear (bone) ::_: L Right ear (bone) ::; TJLeft ear (bone)
1
O Right ear 70 O Right ear S0 | Right ear (bone)
X Left ear o X Left car 80 O Right ear
100 hnd ¥ Leftear
2 . o 0o o
Normal II 10 Low Hz is hearing lossis ll 10 Typical elderly people
20
125 250 500 1000 2000 4000 8000 Hr 125 268 560 1000 2000 000 9000, T e 125 250 500 1000 2000 4000 8000 Hz

Source : Internet data edited, Yomiuri online 2018-03-18

(2) Test report form Nairobi Hospital

NAIROBI AUDIOLOGY CENTRE

(HEARING & BALANCE CENTRE)
P.0,BOX 216-00200 Nairebl Kenya,LandMark Plaza 1st floos, Argwings Kodhek Road, Tel 2010612 f 0721439561

Pa Pure tone audiometry Instrument: INVENTIS BELL

L Right ear Left ear i

LGN ai
e T
~ L ]
(11 B BC HASKID ]-‘""'“]" t L]
LI MASKED i
o o 0
O AN X X
- o—i N S ! ]
B 4 | i 1 w
L a9 + L]
1]

" . o
% w0
100 100
1t e
120 1

R I O T I CIEE T T .

15 0 N0 M0 Mk 1M B W 4 & & 15 258 %00 g

gy ok 1 X N & oA n ===

Mok 0 16 0 % 10 +B 10 Haw BC
pra LR ACL  ACR#L BCR BCL  BCReL
35 s ¥ o s 25 eguenzies (Me]: 500, 1, 2K

Total Ave. Total Ave.
Description: BILATERAL MILD CONDUCTIVE HEARING LOSS, crye T
NAIROBI AUDIOLO&Y 'I

CENTRE

7

P. 0. Box 216-00202

Typical hearing pattern E
| NAIROBI KENYA

3.7 Listening capacity
Listening comprehension capability tendency by age (Refer to Figure-9)
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(dB)
-10 ; H 5 ; H ;
i i i i i 20 years old
0 - - —— -
'@ 30 years old
10 : 40 years old
20 50 years old
S ———
30
60 years old
40
S0 frrrmssmmmssini@uiisnss g
70 years old
60
\ 80 years old
70

125 250 500 1,000 2000 4,000 8,000 (Hz)

Figure-9. Typical hearing loss Vs age relationship of Japanese

3-8 Etiology of hearing loss
Mainly Hearing loss can be classified as conductive, sensorineural, or both (mixed loss).
The most common causes are as follows:
(1) External ear (conductive loss)
For example, caused by cerumen, a foreign body, otitis externa, or, rarely, tumor.
Cerumen (earwax) accumulation is the most common cause of treatable
conductive hearing loss, especially in the elderly.
(2) Middle ear (conductive loss)
(3) Inner ear (sensory loss)
(3-1) Noise exposure
Noise can cause sudden or gradual sensorineural hearing loss.
In acoustic trauma, hearing loss results from exposure to a single.
For example, a nearby gunshot or explosion and or chronic exposure to noise
more than 85 decibels (dB—sound level)
(3-2) Presbycusis (Aging)
Age-related hearing loss is termed presbycusis.
Presbycusis is due to a combination of sensory cell (hair cell) and neuronal
loss.
More than 55 years old in men, more than 65 years old in women will be

progressive, bilateral loss

3-9 Gridline of Level for Healing Capability
The equipment to be used for leakage-of-water survey, needs to be selected according to an

investigator's listening capability. (Refer to Table-1)
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Table-1 Evaluation of the Healing capability level

February, 2019

Evaluated dB level Ability of sound
Levels of hearing loss Descriptions
(Average) hearing
Even small leak noise/ flow running sound
Good sensitivity 3~7 . . Optimal
can be detected. (Experience required)
Leak noise/flow running sound can be
Normal 8~20 Suitable
detect (Experience required)
Even small leak noise/flow running sound | Amplified detectors
Mild hearing loss 25~39
can be detected. required
Difficult to detect leak noise/ flow running
Moderate hearing loss 40 or more Inappropriate

sound

4. How to detect water leakage

4.1 Leakage exploration technology

@D Acoustic noise detector (detection of sounds generated from leak points)

@ Inject gas with no adverse effects to water quality inte the water pipe

Currently, acoustic detection technology is the most common

method used in leak detection.

4.2 Leakage detection by leakage sound

1) Features of leak noise

Leakage sound that jets out of the pipe from the water leak hole generates continuous

vibration sound.

However, this vibration sound changes under the following conditions.

(DCharacteristics of the leak point (e.g. leak hole, pipe material, water pressure,

surrounding condition etc.)

@Propagation path (e.g. earth, concrete, pipe material, etc.)

(®Propagation distance from the leak point

generation point.

(DLeakage sound depends on generation condition.

@The propagation of the vibration sound is gradually attenuated from the

R-3 #15-13
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2) Decay rate

In general, vinyl chloride pipe (VP) has higher attenuation with distance than cast iron

February, 2019

pipe (CIP) and lead pipe (LP). (Refer to Tables-2~3 and Figure 2)

Table-2 Example of decrement of pipe classification (At 10m point)

Pipe Kind Quality of material Sound of leakage Decay rate
Distributing CIP 100 mm dia Low frequency About 1/10
water pipe High frequency About 1/6

VP ¢75 mm dia Low frequency

About 1/8 at 2m off point

Service line

High frequency About 1/28

LP ¢13 mm dia Low frequency Hardly decrease
High frequency About 1/3

VP 913 mm dia Low frequency About 1/2
High frequency About 1/44

Source : Yokosuka City, NRW training

Spouting up m @ Under blow
Spigot joint 8 { q 9 % A slice/ Loss

Y e e~ o

Large hole 6 g Q

Valve partial ' Flow through
=y o movinous
(Cavitation) r
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#—— Trequency that can be audibly sounded
——— Noise leak delector
Digilal noise delector

1 istening stick—bl

Frequency of the most acoustic

k_ leakage suund.|_.[

February, 2019

,
200 300

Irequency 30011z HO0
1 {

X

1500 2700 5000

1000 2000 4000 10kHz
1 1 1

|‘_ Castiron _ | ... .I

pipe

|1— Vinyl pipc——“_FI

|‘—Lce1d pipc—r|— ---------- .|

The braken line indicates the
|1-I’ipe flow soum1+| Irequency when direct pipes are

touched
Lﬂ— Cable circuit sound —P{

|. Waler use
sound )
Dircet sound of 7
; pipe surface Simulated leak tone
j—Sewage sound—H

Nuoise ol

the wind

Car running
i‘- ©sound _.‘

Iﬂ—-— Urban noise —Pl
I‘—'_ Supplemental frequency on Ihe"l

eround surface

Figure 2 Changes in leak noise

Table-3 Example of Typical leak noise sound

Conditions Impact on Note
investigation.
Depth of Shallow Good Attention to echo etc.
burial Depth Bad The deeper the depth the more the leakage sound attenuates.
Density of soil | Rough Bad The damping of leaky sound is bigger and dense.
Dense Good -
Pipe material Soft Caution Soft pipes such as vinyl pipes and polyethylene pipes attenuate
Hard Small impact | the leakage noise during propagation, so care is taken because the
range to be captured is narrow
Pipe diameter Small No effect -
large Effected Pipe vibration is less likely to occur as the larger diameter.
Amount of Alittle Difficulty Minor leakage water leakage sound is small and difficult to grasp.
leakage Much Easy Pay attention to the water pool near the leak hole.
Water pressure Low Bad Usually 1.5 kef / cm 2 or more.
High Good Generally, leakage noise is higher as high-water pressure.
Source: JWRC
3) False sound

Since the road surface digital noise leak detector is susceptible to the influence of the

simulated sound, it is necessary to confirm the location of the dummy sound in advance.
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4) Working time
Since DMA area for survey had comparatively little traffic flow, the acoustic noise

detection Survey is-was conducted at daytime. (Refer to Figure 3)

Basically; (In urban area)

O At Daytime ....Door to door survey

® At Late night.....Road surface survey

Source: Edited, Training Handout (2017-May) at Bureau of Waterworks, Tokyo Metropolitan Government

Figure 3 Working Time for water leakage survey by acoustic noise detectors

5. Concept of how to identify leak location
The process of water leakage detection is basically based on narrowing down the order of

surface, line and point. (Refer to Figure -4)

Medium-size block

: 5 (C) Points detection
(A) Surface detection (B) I":‘: detection Small-size block
- R EMA) (in #9 DMA)
! z % . i
. A - )=
] ]
F 5 ; ;
@ Locations of fire hydrant valve 4
DMA 1-9 valve where abnormality was found Yalve

4 W Points of leakage

(Water supply Area) . .

O Locations of fire hydrant /valve
without abnormality

—— Pipe-lines that needs investigation

Figure 4 Concept of how to identify leak location
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6.Content of leakage investigation work (Procedure of a standard survey)
5-1 Procedure for leakage survey

The flow of leakage investigation work is as follows:

Basic work procedure in leak detection survey

Step-1 : Formulation of work plan (Confirmation of work content, confirmation of

work method, confirmation of notes, Preparation of working process & Map)

(Refer to Figure 1/5~6 Table 4)

Step-2: Conducting preliminary inspections on site with detail route map of pipe

l laying (confirmation of consistency between drawing and site, confirmation of

work method, confirmation of machine used)

Step-3: Implementation of Door to door survey (Discovery of water leakage sound

from Faucet valves/ shutoff valve/ distribution pipes with listening sticks,

mainly daytime work because of work in the residential area,)

!

Step-5: Confirmation of leakage point survey (Check with/by boring equipment /
1 excavation / listening sticks / digital leak detectors / buried pipe detectors/ leak

R-3#15-17
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noise correlators, DPD reagent etc. to make sure whether the location of

leakage, etc.)

Step-6: Preparation of a report (Arrangement of survey data, analyze survey results)
(Refer to Forms -1 to 3)

Table-4 Example of Working schedule

zonc)

Name of waterworks office (Name +Sign) ; Date and time
Name of the investigation area;
Scope of work Door-to door survey (160 km : 16,000 Customer meters 30AM to17:00 Duration of the survey;

(Investigation time_Stop valves / stop-cocks Caustic noise survey (150 km);;

AM t017.00 Name of the researcher ;

Road surface survey (160 km);;::22 PM to SAM

No. Activities June July August September
) Work plan

(2) Preliminary site survey

(3) | Survey on door-to-door surve;

(4) Survey on road-surface

(5) Verification work

(6) ion of report

Supervisor (Name +Sign);

o
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Figure-6 Sample of detailed rout map of pipe laying

7. Equipment required for leak investigation
7-1 listening sticks
(1) Objectives
a) In this practice, use a sound hearing bar, bring the vibration sensing rod into
contact with a faucet and a meter, and experience the presence or absence of
water leakage sound.
b) In order to distinguish leakage sounds, it is necessary that the participant
concentrates and focus on the point of investigation.
¢) Mark the position where suspicion of leakage is suspected on the map and on
the ground.
d) Have the consultation on the findings. (Form-1 to 3)

(2) Points of concern
a) If necessary, close the consumer tap and check whether leak noise is generated
before and after the meter.

b) Mark the position suspected leakage.

(3) Equipment used
a) A Listening stick, (Refer to Figure-7)
b) A Digital noise leak detector

FIELD ON-JOB TRAINING” (Field Technician) (R-3)

February, 2019

Listening stick

Listening
stick
Meter Stop valve
(Gate valve

R-3#15-19

Fifure-7 Configuration of Listening stick

7-2 Road surface digital noise leak detector
(1) Objectives

a) In this practice, as a result of a Listening stick survey, the leakage position is

searched by a road surface digital noise detector and/or a Listening stick on a

pipeline where leakage is suspected.

b) Mark the position where suspicion of leakage is suspected on the map and the

ground.
¢) Confirm the leakage location by excavating.

d) Have the consultation on the findings. (Form-1 to 3)

(2) Points of concern

a) Since this investigation is influenced by dummy sounds, it is necessary to check

the occurrence of noise beforehand.
b) Recording of data (Form-1 to 3)

(3) Equipment used

a) A Road surface digital noise leak detector (Refer to Figure-8)

|// Maximum Sensitivity
f‘ /Sunmim'illn' Curve

= = = Ductile
——Lead

o 100 1000 10000
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The following four (4) Filter Band Widths are recommended as  Nine(9)ways of Filter Combination are selectable as follows.
the basic selection on site. Those Filtering Ranges enable the Operator to distinguish the
T leak sound from other noise.

Ppea— Hz] 100 | 200 [ 1200 |
Disri i | I I .
e I I e s o Y
Dimtriauti
|Emnenee | @-----—t
! I 1 ! | 100
@- :
I | @
1 @
Bucklisht rwitch =]

Level meler | Wil awitrh

Puwarswich
Battery switclr

Filter switch —

2 Hang-set with Sensor -«
3 Hendphones

& Carrying Case -----

B B B O
200 400Hz 600 800
|8
@
@ [ @
@ @
=] |
| B |
@ | @

Q

1 Ampliliar .-

i Soft Case for Amp
5 Shaulder Balt

sisaisans]
& 3-Seciion Contact Bar with Se"sol Tanle (Option) e

7 Operation Manual -

Figure-8 Overview of Road surface digital noise leak detector

7-3 Leak noise correlator
(1) Objectives

B

1200Hz

February, 2019

Filter Combination

100Hz ~ 600Hz
100Hz ~ 800H2
100Hz ~1200H2
200Hz ~ 600Hz

200Hz ~ B00Hz
400Hz ~1200Hz
400Hz ~ 600Hz
400Hz ~ BO0Hz
400Hz ~1200Hz

a) In this method, the equipment specifies the leak position where leakage is

suspected in the buried (metal pipe / nonmetal pipe) pipe.

b) Mark the position where suspicion of leakage is suspected on the map and the

ground.

¢) Have the consultation on the findings.

(2) Points of concern
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a) Secure the sensor installed at two points on the piping fixed.
b) Water leakage position is specified from the waveform displayed on the monitor of
the main unit.
¢) The location of water leak is final finally checked by boring or excavation.
(3) Equipment used
a) Leak noise correlator (Refer to Figure-9)

b) Tool for attaching sensor

-

3

Leak Noise

fx

Radio Correlator Unit Radio
Transmitter Transmitter
(B) (A)

Pickup sensor

P 7 1= nﬁ
Valve [\ Point of Leakage T2 U -

Figure-9 Overview of Leak noise correlator

7-4 Verification Work
(1) Objectives
(a) Understand how to check where leakage is suspected by leakage exploration by
Excavation. (Refer to Figure-10)

(b) Introduction of Boring work method (Refer to Figure-11)

(2) Points of concern (by Boring work)
a) Boring work needs to be investigated carefully so as not to damage the buried
pipe.
b) The water leakage position is determined by drilling a number of holes with a
boring tool and judging from the strength of the leak sound while moving the
Listening sticks to the number of holes.

¢) Moreover, it is possible to specify the water leakage position from the situation of
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water and soil / attaching to the boring bar and/ or a Listening stick.

d) Boring bar is a tool that punctures hard surface.

(3) Equipment used (by Boring work:Refer to Figure-11)
a) An Electric drill (used for drilling pavement surface)
b) A Boring bar
c) A Listening stick
d) A Road surface digital noise leak detector

Drilling work Bonng work Confirmation work

Land Surface

—_— Buried Pipe
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Source:Yokosuka city WWSB Working on Paved roadway

Figure-11 Overview of Verification work by Boring work

8. Equipment required of survey for Buried pipe detection
8-1 Electromagnetic induction detectors (For metallic pipes)
(1) Objectives
a) The objective of this practice is to understand the operation method of the equipment
to specify the position of the buried pipe (Metal pipe)

b) Have the consultation on the findings.

(2) Points of concern
a) Detection is difficult if the burial depth is deep.
b) Since it also reacts with piping which is not currently used (buried disposal), it is

necessary to follow up to the connecting part of piping currently in use.

(3) Equipment used
a) Direct metallic pipe detector (Refer to Figure-12)

Buried Metal  Induced
pipe current Magnetic
L Lines
Andieckitedod B Direct Method

Figure-12 Overview of Electromagnetic detectors

8-2 Vibration-wave water instrument
(1) Objectives
a) This practice is to understand the operation method of the equipment to specify the

position of the buried pipe (Metal and Non-metal pipe)
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b) Have the consultation on the findings.
(2) Points of concern
a) Since pulsation is generated and the vibration sound is investigated by listening to
the sound on the ground, there is a possibility of damaging the broken tube with a
shock wave.
b) Although it is applied to the investigation of a relatively small diameter and a short

distance, if the burial depth is deep, the search becomes difficult

(3) Equipment used
a) Vibration-wave water instrument (Refer to Figure-13)
b) Listening stick

¢) Road surface digital noise leak detector

Figure-13 Overview of Vibration-wave water detector

9. Measurement of leakage volume
9-1 Measurement of minimum night flow a night minimum flow
(1) Objectives
a) This practice will make you understand the concept of estimating the amount of
water used during the night time when water demand is lowest in the isolated DMA
and is assumed to be the water leakage amount.
b) Identify the night-time minimum flow rate from the collected data.

¢) Have the consultation on the findings.

(2) Points of concern
a) Measure the amount of water flowing into the partitioned DMA. (Refer to Figures
14-15).
b) Leakage, legitimate consumption and theft are included in the measured minimum
flow rate.
¢) In order to investigate the actual leakage volume, further investigation is necessary

according to the items of the water distribution analysis table.
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State
of
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Flow
rate

mr Q\\-nm supply X = . —
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d) Customer cooperation is indispensable for accurate water leakage survey.

X X closed X

Free time of water supply
/_ (free time) ”
3 s . Vi
Use hours of Gate Valves l i l Gate Valves

] 1

=3 | .

—— Time "
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—= Time Gate Valves Fire h}
hydrant
x

X closed X

" Gate Valves

Figure-14 Flow measurement in isolated DMA

(3) Procedure for flow measurement survey (for example)
a) Confirm that the amount of water flowing into the survey target DMA is from one
location.
b) Install a clamp type ultrasonic flowmeter on the inflow pipe.
¢) Manage the gate valve of the outflow pipe into the adjacent DMA.
d) Investigate with the water faucet in the "open" state.
e) Data timer setting: every 5 minutes

f) Survey time

® AM 9: 00: Preparation for measurement
® AM10:00......... Start flowmeter survey (Read BEM).
l Keep opening gate vale at outflow pipe send to adjacent
DMA (Automatic recording of data)
® PM 11: 00 ~ AM 05; 00: “Close” the gate valve at outflow pipe.

l (Start measurement of nighttime minimum flow rate)
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® AMO05:30-AM 06: 00: End of measurement and Set the gate valve
to "Open". & Set another UFM on the outflow pipe. (To ripen long water
supply stop)

|

® AM05: 00 to AM 10: 00; Measurement of daily minimum flow rate
® AM10;00: .... End of survey

l

® PM 16: 00: Output by graphing

h) Example output of nighttime minimum water graph (Refer to Figure-13)

loas —Flow[m3/min]

Flow[m3/s]

. —Flow[m3/s]

Figure-15 Example of nighttime minimum flow rate

(4) Equipment used
(a) Ultrasonic flow meter (Refer to Figure-16)
(b) Tool

Sensor(A) Sending

Receivemg

Sensor(A
. Sending ensor (A} Sepsor (B)
Sensor

Receivemg
(B)(A) —%—‘Mﬁ— - F7A
Sa \
A(B) —:h—ﬁf J \/:lb
Time Lag-w /
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Cairying case
% Tramdurers
U Coupineg compounsd
; Card reader
% Tranamitter
Sgral cable
i St rless yemel pipe straps

i Data e

Figure-16 Overview of Ultrasonic flow meter

9-2 Measurement of Water pressure gauge
(1) Objectives
a) The objective of this exercise is to monitor the 24-hour pressure variations in order
to understand the characteristics of the nighttime minimum flow rate.
b) It is also possible to grasp the relationship between the minimum flow rate at night
and pressure fluctuation.

¢) Have the consultation on the findings. (Form 4)

(2) Points of concern
a) Record the water pressure on the recording paper at intervals of 5 minutes. (For
reading)
b) Recording of data (Form 4)

(3) Equipment used
a) Digital pressure data logger

b) Mechanical pressure gauge

(4) Monitoring system
The water pressure of the pipeline is monitored by a plurality of water pressure gauges

installed in the pipeline.
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The water pressure data is displayed on the monitoring panel of the waterworks bureau
by the automatic remote monitoring system for 24 hours and monitors whether or not

the proper water pressure is maintained.

T ey Communication Network

Module

Flowmeter &
Pressure Gauge

Conceptual diagram of monitoring system

Flow (mmin)

Embu Pilot Area Embu Pilot Area pressures

Pressure(ser)
pressure bar)

06:00 09:00 1200 1500 1800  21:00 0000  03:00 06:00 0900  12:00

; 06:0 090 12:0 15:0 180 210 000 030 060

——Flow = = Pressure —e=Foint 1 —e=Point2 —e=Point3

Examples of fluctuations in water pressure and flow rate
9-3 Portable electronic test meter
(1) Objectives
a) The objective of this training is to determine the measurement error of the
installed customer meter by connecting the electronic meter testers and the
consumer meter in series and comparing the volumes recorded through each
meter.
b) Check the measurement error (numerical value) of the existing meter.

¢) Have the consultation on the findings. (Form-5-6)

(2) Points to remember
a) The electronic meter (tangential impeller) must always be calibrated to record
accurate measurements.
b) Measurement of flow rate other than set flow rate increases measurement error.

¢) Do not bring strong magnets close to the electronic meter during measurements.

(3) Measurement range
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a) Maximum flow rate 1.0 m? / hr., intermediate flow rate 0.2 m? / hr., minimum
flow rate 0.1 m? /hr.,
b) Measurement accuracy + 2.0% for intermediate and high flows and £5% on the

lower flow rate.

(4) Equipment to be used
a) Portable electronic meter ...1 set (Refer to Figure-17)

b) Hose - Connecting device - - - -1 set

Ias.
Wing Boil & Tae Protest Mioe seninal Scralch Protec) Binsd \\

Taw & Waler Susely Hosoeisg' s Jainl
bhmingl Ulsseier of Tap |4-i8w

Inlet Hose

Iniet Hose

Meter to be tesled

Figure 17 Installation drawing of electronic meter
10. Survey of Customer meter reading &meter condition
(1) Objectives
a) The objective of this survey is investigating the measurement accuracy of the
customer meter.
b) Have the consultation on the findings. (Form-6)
(2) Procedure of survey
a) 5 EMBU staff will guide 5 groups of trainees (5-6 people / group) on site.
b) The number of customer meters surveyed by each team is about 20 to 40 for each

Group.
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c¢) Each group will use the Listening Stick placed on the water meter / stopcock and

Listens to the characteristic leak sound.

11. Water meter bench test
(1) Objectives
a) The objective of this training is to accurately determine water measurement error
caused by deterioration of customer's water meter and insufficient maintenance.
b) Observe the demonstration of the water meter test method and recognize the
malfunction of the meter and recording data (Form-8)

¢) Have the consultation on the findings.

(2) Measurement procedure (demonstration by EMBU staff)

a) "Instrument difference" of the customer's water meter is compared with "measured
value" passed through the test water meter and the passed water volume with
"capacity of the standard tank".

b) Select 8 to 10 customer meters to be inspected (aged), meters with different usage
conditions.

¢) Meter difference is evaluated by 3-point flow performance test. (Qmin. = 30 liters,
QT = 120liters Qn = 1.5 m 3 ... For Class B)

d) Note: Conversion formula from old standard Class-B to new standard (R)
L] For example: ISO B Class
R=ISO B=Q3/Q1=1.5/0.03 =50
*[SO-B (old STD) = R50(New STD)
The standard of a Japanese customer meter is R100.

(The larger the R value, the lower the measurement error of the water
meter.)

e) How to find Qn numbers? (Refer to Figure-18)
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item| 1SO 4064-1993
Manutacturer. LAO(Brazil)
Model M6011B
Multi-jet-Dry- Tangential flow impeller
quality standard, Classe-B
caliber (mm) -
Qn(m*/h) 1.5
Qmin(m*/h) 0.030

Display version

Figure-18 Example of Old ISO-STD (Class-B)

f) Example of Computation method of each flow rate in a measurement point
(Refer to Figure-19)
® For example: ISO B Class (Qn = 1.5m%/hr.) (Refer to Table-5)
@O Minimum flow rate(Q min.)= (Q1) =1.5 x 0.02=30 liters/hr.
@ Transitional flow rate (Q t) = (Q2)= 1.5 x 0.08=120 liter/hr.
(® Nominal flow rate (Q n=(Q3)= 1.5 m3/hr.
@ Maximum flow rate(Q max ) = (Q4) = 1.5 x 2.0=3.0 m3/hr.

Table-5 Typical calculation table of test water volume

1S04064-1993 Class Qmin=Q1 Qt=Q2 Qn=Q3 Qmax=Q4
A Qnx0.04 Qnx0.10 - Qnx2.0
B Qnx 0.02 Qn x 0.080 - Qnx2.0
C Qnx0.01 Qnx0.015 - Qnx2.0
+10% Test tolerance
e cewe lmmmem  Tgeeee

—— ____JL___ £, |_ £2.0%
0% ’é e’ 3 j

H Minimum ;mnin‘g flow rate :

_'_i-_,.—'—""‘ 8~10 L/Hr I :

~10%, : [ ' -
gl i ! i :

Instrumental 0L/
error 0L/ hr

120L¢ hr
Ql Q2 Q3

3.0m"% hr
Q4
Figure-19 Typical Instrumental error curve at 3- flow rate (Class B)
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® Determination of allowable error of test water quantity (Refer to Table-6-7)

Table- 6 Typical Allowable tolerance (For New meter)

Test tolerance ~ (New Meters) Flow area
(DRated minimum flow rate | Q1 and above +5 % Low flow rate
@Transitional flow rate Below Q2 range
(®Nominal flow rate Q3 and above +2 % High flow rate
@Maximum flow rate Below Q4 (Water temperature: range
less than 30 degrees)

Table-7 Typical Working tolerance (Using customer meters)

Test tolerance  (In use Meters) Flow area
(DRated minimum flow rate | Q1 and above +10 % Low flow rate
(@Transitional flow rate Below Q2 range
(®Nominal flow rate Q3 and above +4 % High flow rate
@®Maximum flow rate Below Q4 (Water temperature: range
less than 30 degrees)

FIELD ON-JOB TRAINING” (Field Technician) (R-3)

What is your allowable tolerance of customer meters?
(1) NEW meters

at Q 1 =Q min

atQ2=Qt

atQ3=Qn

(2) Meters in use

at Q 1 =Q min
atQ2=Qt
atQ3=Qn

(3) Repaired meters

at Q 1 =Q min
atQ2=Qt
atQ3=Qn

(3) Points of concern

(D Always calibrate measurement precision with a flow meter.

R-3#15-33

@ Check that the pressure gauge on the outflow side always has a back pressure of 0.05

KPa (0.51 kgf/em? =0.00005 bar) or more.(1kpa=0.01 bar)

(@ Water temperature :less than 30 degrees

(4) Equipment used (Refer to Figures 20-21)
(DWater meter test bench,
(@Water tank (small: 100 to 500 liters, large size: 1 m *or more) - - 1 set
(®Flow meter (3 to 4 types L/h): 5 to 100, 100 to 1000, 1,000 to 100,000) - 1 set
(DPressure gauge -« + v 2sets

Control
Valve

® |

From Water - £rom Elevated
Distributing  Water Tank
Pipeline

February, 2019

\ 1160

I
E
a
A
L. ]
Side View . —
(= pO10% eRzan .l;{; :I :: :«:ﬁ:n:—-m.«.
F The plan view shows the 1. - I .
p— i 5% | assembly chart
€& ) FiRemRA ] | :
5 - .
L L 5 T [} T 7 T -
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Fugue-21 Plan of EMBU’s water meter test bench

(5) How to use data
(1) Quality control of new meter
(2) Confirming the current condition of equipment difference of water use meter used
(3) Confirmation of occurrence status of instrumental error of repair meter
(4) Confirmation of Consistency of Assumed Value of Meter error of Water Balance
Analysis Table
(5) Estimation of replacement timing of meter

12. Water Quality Equipment
(1) Objectives
a) To determine the water quality of tap water and leak flow.
b) Have the consultation on the findings. (Form-9)

12-1 Determination of residual chlorine by colorimetric method

(1) Object of achievement
The objective is to conduct color discrimination analysis technique with chlorine agent,

from water leakage or tap household use water supply (illegal connection), to

customers in the field.

(2) Reactive color
(a) Normally there is residual chlorine in tap water.
(b) In the colorimetric method, a reagent is added to the test water, and the leak source
is judged from the reaction color.
(c) Generally, the DPD method is used. (Refer to figures 22-23)

(3) Reacted color
(a) Diethyl Para Phenylene diamine (DPD) method)
ePeach —change to peach red discoloration
(b) Orthotolidine (OT) method
eLight yellow — change to yellowish brown
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NOTE: Note: The use of OT method is currently banned in some countries due to

suspected carcinogenic health concerns.

DPD reagent used OT reagent used
Figure-22 Colorimetric reaction with residual chlorine

(3) Appliance used

Powder / solid DPD Residual chlorine Spectrophotometric

reagents analyzer residual chlorine analyzer

Figure-23 Measurement equipment

12-2 Water temperature gauge

(1) Objectives
a) In this training, skills to measure the temperature of leakage/tap water is learned.

(Refer to Figure-24)
e
<

Me
€T

e
Parallax crror

B ™ 44

NS

o X

How to read the water temperature gauge
Figure-24 Measurement of Water temperature

Rod-like red liquid thermometer

12-3 Conductivity meter
(1) Objectives
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In this training, skills to measure the conductivity of leakage will be learned.
(Refer to Figure-25)

River water (downstream) Leachate from waste disposal site

Sewage 30007000
"300-800
001 IDO ¥ 1000 ¥ 10000 100000 1.000000( 1 S/cm)

Ullra pure Huill:\
water Pun. water Rm““’m"-f Tap water

et Seawater
(10-304S) ; a
Theory pure Commereially well Cooling

waler (OpS) available distilled water water

Figure-25 Measurement of Water Conductivity

12-4 pH measuring instruments
(1) PH meters

(1) Objectives

In this training, skills to measure pH from a leak will be learned.
(Refer to Figure 26-27)

Table 8 pH classification

pH Nature of the liquid
0~3.0 Acidic
3.0~6.0 Mild acidity
6.0~8.0 Neutral
8.0~11.0 Weakly alkaline
11.0~14 Alkaline

4/

Figure-26 pH meters
(2) Litmus papers
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(a) Objectives

In this training, skills to measure pH with litmus paper are learned.

—=—Scwage—e—
Tap water
Neutral
oH b —tt 44—+
Rt 4 3 8 7 |a 8 O N B 13 K
ydrochloric Lemos Unine |Blood Sodnm
acid Cilmc ~soap=| hydroxide
b Pure Sodium ::
acid water carbonate

Roll Type Book Type

Figure-27 Measurement of Water pH
13. Measurement of Flowing Water from a Water tap
(1) Objectives
a) In this training, measure the amount of water flowing from the faucet so that the amount

of water loss at the leak point can be easily and quickly determined on site.
b) Have the consultation on the findings. (Form-10)

(2) Survey procedure
a) Capture the amount of water from the tap against a given time and save it in a container.
b) Measure the water in the container with a measuring cup or weight and convert it to the
amount of water.
¢) Measure the pressure at the outlet of the water supply tap.
d) Record the survey results.

¢) Photograph the flow of water.

(3) Relationship between weight of water and volume (volume)

Formula : W=RxV

Here
W = Weight (g)
R = Density g / cm 3 = Specific gravity (water = 1)
V = Volume (Capacity) L, cc, mL

Table-9 Conversion table (Water Specific gravity = 1)
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Volume Weight Note
L (liter) mL(mill-liter) g (gram) mg(milligram)
1.0 1,000 1,000 1,000,000
0.5 500 500 500,000
0.1 100 100 100,000
0.01 10 10 10,000

(4) Equipment used (In the case of small leakage) (Refer to Figure- 28)
a) Measurement cup,
b) Bucket,
¢) Weight scale

d) Stopwatch, & water pressure gauge

FIELD ON-JOB TRAINING” (Field Technician) (R-3) February, 2019

14. Formats

13-1 (Form-1) Leak survey
(1) CUSTOMER METER: Registration number

(2) Location

Figure- 28 Equipment for instrumentation

(5) Example
(@ Water faucet (Dia. 13m/m,5kgf/cm?2)

@ ® © (@ ©
No. of Dripping No.of Dripping String Open plug  Open plug

30/min 1 95/min. 90 degrees 180 degrees

Sk

Source: JPRC 1995 #20

Items W. Leakage (a) (b) (c) (d)
Faucet m¥/d 0.011 0.036 0.09 309

®
Fully open
i i li

(e) ()
39.6 56.8

Figure-27 Understanding water leakage (flowing from water faucet)
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(3) Type of Meter
(4) Operation period
(5) Tested by
(6) Date
Sheet No,
Example and data format
Classification No. of cases % Estimated W. leakage (m’/hr.) % Remarks
1/27-1” on the | For Ex. 20.0 7.3% 4.6 9.6%
distribution pipe | Format
Air vale For Ex. 30.0 11.0% 2.5 52%
Format
11/2”- 2” on the | For Ex. 30.0 11.0% 15.0 31.3%
distribution pipe | Format
Stope cock For Ex. 70.0 25.6% 52 10.8%
Format
Gate valve For Ex. 15.0 5.5% 32 6.7%
Format
Other valves For Ex. 5.0 1.8% 42 8.8%
Format
B. Meter For Ex. 6.0 2.2% 5.8 12.1%
Format
C. Meter For Ex. 62.0 22.7% 0.7 1.4%
Format
Inside the house | For Ex. 30.0 11.0% 3.1 6.5%
Format
Other For Ex. 5.0 1.8% 3.7 7.7%
Format
Total For Ex. 273.0 100.0% 48.0 100.0%
Format

‘What is your comment?
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14-2 (Form-2) Leak survey 14-3 (Form-3) Format of Leak Survey Reporting
LEAKAGE REPORT (1) CUSTOMER METER: Registration number
KENYA WATER INSTITUTE (2) Location
LEAKAGE REPORT (3) Type of Meter
DATE: ROAD: (4) Operation period
BLOCKMAP No.: REPORT No: (5) Tested by
Method of LEAKAGE ON: Location DN Material (6) Date
finding: Service Connection
Main Pipe Sheet No,
Pipe Saddle or Ferrule Result sheet
Pipe Fitting
: . Distance of survey conducted
Estimated loss: Valve Number of discoveries (Cases)
(km)
(m3 /hr.) Hydrant S
Air Valve Year Distance of | Distance of Total
In public Before the | In the meter
Bulk Meter acoustic flow After meter
road meter box
Pump detection | investigation
COMMENTS: Surface leakage 438 631 163 1,159 2,391
2017 June Discovered by survey
543 12.84 140 261 357 24 782
(DMA-1) (underground)
Total 543 12.84 578 892 520 1,183 3,173
Surface leakage 396 740 102 1,142 2,380
2017 June Discovered by survey
639 15.13 202 381 218 27 828
(DMA-1) (underground)
SKETCH of Total 639 15.13 598 1,121 320 1,169 3,208
LOCATION:
What is your comment?
Report issued Report approved Work Instruction to Work done

What is your comment?
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FIELD ON-JOB TRAINING” (Field Technician) (R-3) February, 2019 145 (Form-5) Format o Checking of operation of Customer meters
(1) Name of data collector
(2) Date of survey
14-4 (Form-4) Format of Pressure test Reporting o :zu::no; Zﬁ - R/Ne.:mb Th)/'liet;f (13::1.) Ma::efam R°‘?ﬁ§f2§i§”°‘ Meter Condition : Pmc'?cc °ﬂvmkég° : ::;gggr;}g{: Note
Time Pressure | Accumulated Note Time Pressure | Accumulat Note Freely |Sticking) Stack |Normal | Damaged) Drying| Damping|Drip-drip| Running| "4 | Glevel
(bar) total (bar) ed total é
Flow (m3) Flow (m3) :
AM 10:30 23:00 s
11;00 23:30 :
11:30 24:00 i
12:00 0;30 iz
12:30 1:00 E
13:00 1:30 i;
13:30 2:00 o
14:00 2:30 2
14:30 3:00 2
15:00 3:30 B
15:30 4:00 ‘What is your comment?
16:00 4:30 R-3 #1544
16:30 5:00
17:00 5:30
17;30 6:00
18;00 6:30
18:30 7:00
19:00 7:30
19:30 8:00
20:00 8:30
20:30 9:00
21:00 9:30
21:30 10:00
22:00 10:30
22:30 AM11:00

What is your comment?
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) FIELD ON-JOB TRAINING” (Field Technician) (R-3) February, 2019
14-6 (Form-6) Accuracy survey of Customer meter with Master Meter
14-7 (F orm-7) Water meter test bench
Date & Name of staff’ Investigation period 14-7-1 Format
Result of Joint OJT at EMBU 2018-March @ EWASCO
Meter Type Time A: Record Customer meter B: Read Master Meter (liters) Difference Error Comment P1 inlet pressure = 0.4 bars P2 outlet pressure = 0.05 bars ISO STD | Your STD
. . " . Total Flow Rate: Qn (1500 /h)
R/N of Meter (liters) (liters) (%) Classification |  Srmo | Model/ type m::;:c‘:m C(;l":;' accumulated Total flow vol = 200 Its (Water Tank volume Flowed) Comments
PP o
Start End Start End Total Start End Total B-A=C | C/A*100 2o waler) ‘D’f;l )" uation | —START END — D‘iku NCE — uuf; )(m Comments
. max - s
8 ~ % f Error %
1 Volume used ; 200 Its=0.2 m3 RG] Rimax (m3) | R2 max (m3) | © F0 % of Error %
1
2 2
3 3
4
4 s
5 6
7
6 8
7 9
10
8
P1 inlet pressure - 0.4 bars P2 outlet pressure = _bars 1SO STD | Your STD
9 o Quantity of Flow Rate: Qt_(120 Uh)
Classification St.no Model/ type m::g‘c‘t’:m L(::‘:;’ accumulated Total flow vol= 50 Its (Water Tank volume Flowed) Comments
10 No total (m3) | P START END DIFRENCE | +10% (in | Comments
T Situation Fluctuation | =
Volume used: 50 Its=0.05 m3 = R2tf R3tf | R3tf-R2tf| %  [ofEmor%
R2 tf (m3)
1
. 2
What is your comment? 3
4
5
6
7
8
9
10
R-3 #15-45
P1 inlet pressure - 0.4 bars P2 outlet pressure =__bars 1SO STD | Your STD
Quantity of Flow Rate: Qmin (30 V/h)
Classification St.no Model/ type Vet Gtz || i Total flow vol = 20 Its (Water Tank volume Flowed) Comments
manufacturer | (mm) Pp .
No total (m3) ! START END DIFRENCE £10% (in | Comments
0.02 Situation Rdmin- Fluctuation use)
Volume used: 20 1ts=0.02 m3 = R3 min R4 min % | ofErmor%
R3 min (m3) R3min
1
2
3
4
s
6
7
8
9
10

What is your comment? (Refer to Table 7-2)
(1) Is the instrumental errors standard of the water meter of WSP fixed?
(2) About the meaning of plus / minus indicated by error rate,
(a) Is the error rate that WSP loses plus/minus?
(b) Is the error rate that the customer loses plus / minus?
(3) About rejected meter of ISO standard.
(a) Which trial flow rate has many rejected goods in using meters?
(b) Which trial flow rate has many rejected goods in NEW meters?
(4) Can you calculate the prediction of commercial loss from the measurement error of the meter?

(5) What is corrective strategy about the claim of the unfair water rates by measurement error of meter?
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14-8 (Form-8) Water quality test
(1) CUSTOMER METER: Registration number

(2) Location

February, 2019

(3) Type of Meter

(4) Operation period
(5) Tested by

(6) Date

Sheet No,

No. of

sample

Location

Colorimetric reaction

by DPD

Numerical value

of Conductivity

Numerical

value of pH

Note

FIELD ON-JOB TRAINING” (Field Technician) (R-3) February, 2019
14.7-2 Sample of data analysis
Sample of Water Meter Testing at EWASCO's Test Bench 2017/6/15
S@qhﬁj’mﬂ#ﬁﬂhﬂ; SHRxudwB e BRI ISOSTD | EMBU STD
WG |parnit D | e, | P G e | o v’ | Commens
2 M’m mm less) (5% or less)
YViopHimREb6 Uto6,| Usip6| USUops)| (| Hfuni
UsHp6
4 e K833 | rx&E 5 5::<B 5::<B | 5i:<B¥ 3B 28( 8( Pass Pass
£ g 543376 | spFE = KIKE KIKE | KIKE : 3( 33 NO NO
€| \hyiflt | 43763: |spFE = 31P: 3P | 3B 3 | <( @&( Pass Pass
T | famph | 49365 | HIFE = 45:B7% 4:BTk|45:TR;| 3B | O ar( Pass Pass
¢ | famph | 48:75< | QIFE = RB;BIZ B;BIE| BT W<t | <( & Pass Pass
¢ | phiix | 3065 | IvEE = 4756 476E |476L8;|  3H8:; «<( ®4( NO NO
nhifx | 53433%%:| SpFE = LBk LBKX | O7B<k| 3« | <I( ®( NO NO
; de DFO77: ;& | sSpZE 5 3 x| 3B¥ < «( @ Pass Pass
SAfforbvb hoe BT P2 Outlet Pressure=  bars ISO STD | EMBU STD
Fxtilthr] P\l |FdEy isd TazH w3tk
q V‘*Eh pd}m P, DW B ¢ o, Comments
2dintps | o (VO] HOG | GIUEDRE [ | e | GO
m eSS
YrophkIg8HwasBHo 6, 5p6 USHo6,| U6, UsUSep6, (| b
Z T K8:3& | &k = 5:: B 5::<B¥| 5::<B 3B~ < ( ®( Pass Pass
£ i 5433 | sSpFE = KIKE KIKE | KIKE : 3( 33( No No
€| ~<hyfflt L383: | SpZE = 368 3B8 | 34 3B | 436( 6( Pass Pass
T | Gaomph | 4336E | HQFE = 45:175; 45:7B;| 45:0: | 3BEE | 435( 5( Pass Pass
¢ | famph | 48:75< | QFE = B;14F B;1AF| B8 3BE | <I( ®( No No
¢ | phi#s: | 3765, | ImEE =5 47%61:8:; 476L8;| 476L3:|  3B7;; | < ( ®( Pass Pass
Whif: | 5380 SpFE 5 | <ma o] omes| T | B(| B No Pass
; dze DFO77:;& | SpFE = kit 3BX | 3IBF 3B~ < ( ®&( Pass Pass
meglm} P2 Outlet Pressure=  bars ISOSTD | EMBU STD
Fotriiifhir| o P \liH |FdHu Visd lazffp b3tk
o a by vsh |pdydimhi pp, f‘iﬁ? Dsdrlchfh wouh | G @Ig:;f; C(w% "% | Not decided
= ~dwciy ——| TofWO|  jess) yet
Hrophikrof e R 61 THE3 N, Top6 Ubp6,| UMp6,| UTUG2p6, (| bum#(
4 i K8:3% | rm&FE 5 5::<B 5::<H | 5::<bi 3B 43( 3( Pass Pass
3 WK 534333%: | SpFE = TKI<E TIE | KI<E d 3( 33( No Pass
¢ | it | 4B3783: | sSpFE = 34 344 | 36 3B | 43B( 3( Pass Pass
T | fomph | 4936% | HIFE = 45:1k: Sk |45:BIF|  3BAE | <4( &( No Pass
¢ | fomph | 4875< | QFE = RB;1:8< B;1:8< | B;1:8< : 3( 33( No Pass
¢ | nhis: | 376BF; | ImEE = 47613 47613 4P| 3B 9( @7( No Pass
nhify | 534338%:| spFE 5 <GTHEL OTH6L| 9748, | 3B4;; 3( @B( No Pass
; dze DFO77:;& | SpEFE = = 3 | 3 3B4: A( @ ( No Pass
R-3 #15-47

What is your comment?
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14-9 ((Form-9) Measurement of flowing water form water Tap
S/No. 1 2 | 3 4 5 [3 7
A, c . /%‘.’u:\ \ 14-10 (Form-10) Measurement of flowing water
Nlustration .53(_‘ vf\%—l—‘ *:% ( ) ! g
' : (1) Custer meter (Registry number)
I 2) Diameter of meter;
S No.of Dripping No.of Dripping No.of Dripping ¢, | Open facet 90 Open fucet 180 o (2) Diameter of meter; ________ mm
{10/min) | {30/min) | (MW min) degrees | degrees (3) Pressure (Kg/cmZ)
Feed-waler pressure (bar)
[ Dia of faucet (mm) 15| 15| 5 15 5 15 15 (4) Name of test staff,
Measurement of Weighing of water (5) Date
volume (g) |
| Trial+# [
. Trial-#2 |
No. cl'Smpllng: Trial##3 No. Measured Weight | Volume of flowing water (liters) | Flow Velocity Photo
Ave. | . 2
Al amount of water () | 60min | I day 365 days (liters/ min)
quantity (liter) I 1 | I ;
Prediction of 24 hrs (liters)
commercial loss| 30 days *24Hrs | | 1 5 15t trial
amount (m3) | 365 days *24 Hrs | -
' 21 tria]
What is your comment? 2 10 1% trial
21 tria]
3 20 1% trial
21 tria]
R-3 #15-49
4 30 1% trial
21 trial
5 40 1% trial
21 trial
6 50 1% trial
21 trial
7 70 1% trial
2 trial
8 100 1% trial
2M trial
9 200 1% trial
2M trial
What is your comment?
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FIELD ON-JOB TRAINING” (Field Technician) (R-3) February, 2019 15-1-3 Hydraulic Profile (Gravity Flow)
"
o
28
15. References - y”: -

15-1 Site Visit to EWASCO’s MUKANGU Water Treatment Plant (WTP
15-1-1 Outline of Water treatment plant
a) Construction period: 2010 to 2012 (New WTP),
b) Design Capacity: 12,100m*/day (New WTP) & 11,000 m?/day (Existing
WTP),

¢) Financial resources: A grant from the Japanese Government (New WTP),

d) System : Conventional (Flocculent settling + Rapid sand filter+ Sludge

lagoon), : ra m

¢) Main facilities constructed (Constructed New Water utilities) - &;‘-‘_ 0= p—

* Improvement of intake dam angaru Water Treatment Plant

+ Construction of water purification plant (12,100m*/day) O =~ v ypr*'}?}

+ Installation of water conduit (@ 500 mm x 5.9 km, Ductile cast iron tube) :_’-_-—_.—;'__ ------------- 'ﬁ? i : i i : i:i = i

* Main water pipeline (& 315 mm diameter x 5.2 km UPVC) [T

- Water distribution pipeline (@ 250mm~400 x 10.8 km Ductile cast iron/ UPVC) Hydraulic Profile

+ Construction of distribution pond 6000 m? (kangaroo) + 3000 m*> (Mukangu)

R-3#15-52

* Supplied equipment
- Water meter test bench (1)
- Water Quality Test Equipment
(Ph meter, Residual chlorine concentration meter, Jar tester,
Workbench, Electronic balance, Spectrophotometer, Refrigerator,
Pure-water equipment, Desiccator, Bacteria Incubator, Colony canter
and others

- 3-ton truck (1)

15-1-2 Photos

R-3#15-51
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15-1-5 General Layout Plan

e

- MINEETHY OF WATER e ? J

e mmmrora jica
- T T T T

Q) wan, o s s T AR R
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FIELD ON-JOB TRAINING” (Field Technician) (R-3)

15-1-6 Monitoring Facilities

February, 2019

6-1) Intake
FO1-01 Intake Flow Meter-1 (Connect | Mechanical turbine
(F1) to Existing Pipe line)
FO01-02 Intake Flow Meter-2 Mechanical turbine
(F2) (Connect to New Pipe line)

6-2) WTP

M02-01-01/02
(O]

Inlet Flow Control

Valves (Toothed

?400mm

Butterfly)
MO02-02 Hydro Power | 0.266m%/sec x
5) Generator (Double | 30m x 50kw
suction volute type)
F02-01/02 Inlet Flow Meters ?400mm
6)/(7) (Mechanical
turbine)
E02-IF01 Distribution Chamber | 0-600 m*/h
Inlet Flow Meter
E02-1F02
Ultrasonic weir type)
F02-06 Clear Water | @400 mm,
(F8) Reservoir  Outlet | 200- 1000m’/h
F02-067 Flow Meter 3300 mm,
(F9) (Mechanical 200 - 700m*h
turbine)

R-3 #15-55

FIELD ON-JOB TRAINING” (Field Technician) (R-3)

6-3) Distribution reservoirs (At Kangru)

February, 2019

R-6 (F10)

6,200m?* Clear Water
Reservoir Outlet Flow
Meter

(Mechanical turbine)

3400 mm, 1Unit

R-5 (F-11)

1,200m? Clear Water
Reservoir Outlet Flow
Meter

(Mechanical turbine)

@200 mm

R-5 (F-12)

1,200m3 Clear Water
Reservoir Outlet Flow
Meter

(Mechanical turbine)

@200 mm

R-3/-4/R-5
(F13)

2-450m? Clear Water
Reservoir Outlet Flow
Meter

(Mechanical turbine)

@200 mm

R-1/R-2
(F14)

2-136m? Clear Water
Reservoir Outlet Flow
Meter

(Mechanical turbine)

@ 100 mm

R-3 #15-56
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15.2 Conversion Tables
15-2-1 Pressure
ata (kg/cm’) | mm water (4°C) bar Mpa Kpa PSI( Ib/in)
ata (kg/cmz) 1 10,000.03 0.981 0.0981 98.07 14.22
mm water (4°C)|  9.99 x 10° 1 9.81x10° 9.81x10° 9.81x10° 1.422x10°
bar 17.702 101197.44 1 0.1 100 14.5
Mpa 102 | 101,974.42 10 1 1,000 14.5
Kpa 0.01 101.97 0.01 0.001 1 0.145
PSI( Ib/in) 0.07 703, 09 0.0689 6.893x10° 6,863 1
15-2-2 Volume Vs Weight (Water Specific gravity =1)
Volume Weight Note(500mg)
L (liter) mL(mill-liter) g (gram) mg(milligram) 2t
1.0 1,000 1,000 1,000,000
0.5 500 500 500,000
0.1 100 100 100,000
0.01 10 10 10,000
15-2-3 Water density
Water density (g/cm®)
| After the decimal point
Temp.(c) [ i Z § 7
0 0.999841 | 0. 090847 | 0. 999854 | ; | 0.999B78_| 0.999684 | 0. K
599900 | 0. 999905 | 0.999908 | 0. 999918 | | 0.999927 | | 0. 999934 |
999941 | 0.999944 | 0, 999947 70,999953 | ( | 0.999058 | 999962
. 999965 | 0.999967 | 0. 999968 | 0. 999970 . 999972 . 999973
999973 | 0.999973 | 0.999973 999972 999970 999968
5 0.999965 | 0.999963 | 0.999961 0. 999957 0. 999952 0. 999947
3 0.090941 | 0009938 | 0.099035 0. 990927 0.099520 0. 090911
) X | 0_959893 | ) G_959877 | 0. | 0. [
] ). 099849 | 0. 590984, 999837 [ 0.999874 [ 0. 999810 | 0.999603 | 0.
9 995781 999774 | 0.999766 | ( 999751 | 0.999742 | 0.999734 | ( | 0.999717 | ¢
10 . 999700 | 0.99569 . 999682 . 999664 | 0.999654 | 0.999645 | 0.999625
1 . 999605 | 0.999595 999585 | ( | 0.999564 . 999553 | 0.999542 . 999520
1 . 999493 099486 | 0.999%475 | 0,999451 | 0.999439 . 999427 , 999402
T 099377 | 0.999364 | 0.999357 . 999326 | ( 0. 999299 . 999272
1 . 999244 | 0.999230 | 0.999216 . 990188 . 999129
15 909099 | 0.999084 | 0. 999069 | ¢ 0. 999038 | | 996975
16 998943 | 0.998926 | 0.998910 | 0.998877 . 998809
7| | 0.998757 | 0.998739 | ( 098704 098632
18 | 0.998576 . 998558 998520 | « . D9BaAd
19 998405 | 0, 998385 998325 | C , 096244 | (
20 908203 | 0998163 998120 . 996035
Fl 497992 | 0.997910 97904 | | K 997815
937770 | 0.997747 99767 0997632 997585
997538 | 0.997514 997442 | 0.997418 | 0.897394 [ 0.997345
997206 | 0.097211 | ( 997196 | 0997171 997146 997095
25 907044 L 997018 99694 . 096914 . 096388 . 006836 | C
26 . 996783 . 996756 | . 996676 | 0. 996649 , 996621 . 896567 | C
27 996512 | 0. 996485 0.99 | 0.996373 | 0996345 | C . 996289
B 906232 | 0. 996204 . 996118 | 0.996089 | 0.9 P _996002 | 0.
28 L 995844 | 0. 995914 0.995826 | 0.995796 | 0.995766 | 0.995736 | 0.995706
30 005646 | 0095616 0 095525 | 0 095404 | 0. 095464 | D 095433 | 0 095402
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1. Objectives (Out-put)

(D Understand the General Distribution systems

@ Understand the typical Inflow and Outflow patterns

(® Understand the type of Non-Revenue Water caused from distribution reservoir

@ Understand the concept of how to investigate Non-Revenue Water in distribution reservoir
(® Understand the Roles of flowmeters and water gauges.

©® Understand the concept of how to investigate the change in the Inflow volume hourly

(@ Understand the concept of how to investigate the change in the water level hourly

2. Introduction

The non-revenue water (Physical - Real Losses) generated in the water reservoir is mainly caused by (a)
degradation of the function of the distribution reservoirs, (b) loss of purified water, (c) water pollution

caused by invasion of contaminated wastewater from the outside, become.

In order to reduce NRW, it is important to detect / predict water leakage / deterioration early from records
of daily inspection and maintenance work (abnormality, deterioration, damage, leakage etc.) and records

of water supply management monitoring.

2.1 The Investigation Method of Water Leakage is shown below.
@ Study of structure of distribution reservoirs;
(a) Inspection of visual and deterioration,
(b) Watertight survey of the distribution reservoirs,
@ Study of evaluation of measuring equipment functions and piping installation status,
(® Implementation of evaluation for monitoring function of water distribution / water level
management (Introduction of Case study - 1 to 3)

@ Confirmation of current design specifications (Exercises)

2.2 The Places where Non-revenue Water Mainly Occurs are shown below.
(@D Main body of structure
(@ Near the penetration pipe of the wall
@ Outflow Piping

@ Others (measuring instrument for water distribution management)
In this lecture, "outline of basic knowledge" about "the procedure of water supply functional survey"

and the "verification way of the main design criteria" required for evaluation of the monitoring

function of water supply control is explained below.

#16 -5

Introduction to NRW in distribution reservoirs February, 2019

3. Key Words Definitions

Service/Distribution

Teservoirs

It is a reservoir for temporarily storing purified water in order to properly distribute

water according to demand in the water supply area.

Water distribution management

It is to accurately predict the hourly fluctuation of demand from well-balanced
water volume & water level management and to carry out safety, rational and

efficient operation management

Effective capacity of

distribution reservoir

It is the capacity between HWL and LW.L of the distribution reservoirs.

(Usually 6 to 12 hours of maximum daily consumption)

Planned maximum daily

consumption

It is the maximum amount of water supply per day.

(Service population x Max. supply per day per head xSafety factor)

planned maximum hourly

consumption

It is the maximum water consumption during the year's hourly ~consumption. (It

is 1.5 to 2.0 times the average daily consumption)

Hourly-variation graph of daily

water distribution

Predict water distribution change per hour by comparing the balance of

"Inflowing" and "Outflowing “in a bar chart.

Hourly-variation curve graph of

daily water level.

To predict water distribution change per hour, the "difference (water level)"
between the Inflowing amount and the Outflowing is represented by a curve graph.

(Predicts the risk time zone of Overflow and Air mixed water supply)

The function of the water supply reservoir provides stable water supply service even in the increasing

4. What is the Function of the Distribution Reservoirs ?

water supply demand time during the daytime.

In particular, it has the ability to store the amount of consumption required during the daytime during the

night when the water consumption is low.

Also, there is no loss of purified water, the structure of the reservoir is not polluted by sewage or

groundwater invasion and normal maintenance is required.

What is Water Distribution Management?

Distribution management is to maintain the balance of the day's balance according to changes in demand.

The simple management method is to measure "the difference in water level" between Inflow (A) and

Outflow (B) over a period of 24 hours every hour.

In other words, proper water distribution management, timely the "simulation graph" is created / analyzed
from the measurement data of the current water level change, so that the water level of the water

distribution reservoir will not become zero and not Outflowing while predicting the demand trend by

hourly. As a result, it is possible to reduce non-revenue water by Overflow etc.

#16-6
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NOTE- 1 What is the fluctuation range of the target water level?

(a) Set less than full water at night, (b) Set slightly higher during daytime.

Water Level Regulator

Distribution Reservoir

Gravity Syvstem

Figure-1 Concept of flowmeter and water level measurement in water distribution management

6. Outline of Distribution Facilities
6.1 Types of Distribution Methods
There are two types of water distribution system, gravity type and pump pressure type. (Refer to

Figure-2)

6.2 Patterns of Inflowing and Outflowing
In general, the water distributed from the water purification plant is constantly Inflowing into the
distribution reservoirs, but the Outflowing as consumption from the distribution reservoir

fluctuates irregularly in the state of use of consumption in the water supply area.

6.2.1 Patterns of Inflowing
(a) Purified water is usually distributed to a water distribution pond at a constant quantity
for 24 hours.
(b) A certain WSP operates the water purification plant only during the daytime and does
not operate the Outflowing valve at night, so the Outflowing stops or the Outflowing

decreases / becomes zero.

6.2.2 Patterns of Outflowing
Demand for annual water supply volume fluctuates with time due to the following factors.
(a) Change in scale / area of water distribution system
(b) Change in application of water supply area
(c) Changes in water distribution by weekday / holiday
(d) Change in temperature / season / relationship between weather and water distribution

(e) Status of change of replacement / expansion work of piping

#16-7
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@®NOTE-2: Consumption Patterns (KENYA STD)
(Details : Refer to the Practice Manual for Water Supply Services in Kenya Dec. 20051)
@ Rural Areas
(a) It should be assumed that all water is drawn between 7 a.m. and 7 p.m.
(b) Exceed 1,000, it be should assumed that the draw-0ff is constant through the 12 —hour consumption
period.
(c) Large institutions, industry etc., may have their own balancing reservoirs, which may reduce the
peak demand
@ Principal towns and Urban Centres
(a) It should be assumed that all water is drawn within the within the whole day i.e. 24 hours.
(b) No additional peak factors should be applied to water consumption rates
(c) It should be assumed that most houses have individual roof tanks which will reduce the peak factors
considerably.
® Loss amount due to NRW
The water consumption figures include about 20% allowance for water losses through leakage and

wastage.

Intake of Springwater

Distribution Reservoir

Transmission Pipe Distribution Facilities |
|< A<

Distribution Reservoir

Pipe \ ) Distribution Facilities

Distribution Reservoir

©) Flow Meters
@ Water Level Indicators

Transmission | Main Reservoir
Pipe Distribution Facilities
— < — I >

#16-8
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Figure-2 Example of water distribution methods
6.3 Types of Distribution Reservoirs
There are ground type, semi-underground type, and underground type in large-capacity distribution
reservoirs. (Refer to Fifure-3)

In addition, the elevated tank is used as a small scale distribution tank.

Over 1,000
= 300 muoy concrete wall
Less than 1,000 100 Tamping
=250 mm A atesat 1

Chwver 1,000 200 mmt
Less than 1,000 = 150 mmt

Figure-3 Example of a concrete-type distribution reservoirs

6.4 Introduction of the Concept of Design Criteria
6.4.1 Necessity for a Review
The formulas of design criteria for evaluating the current water distribution function due to
changes in the distribution environment are shown below.
(a) Changes in water demand
(b) Generation of non-revenue water

(c) Appropriate effective capacity (increase of fire extinguishing water quantity)

6.4.2 Calculation Formulas of Design Criteria
@ Calculation of planned water distribution
(1) Formulas :
@ Design daily maximum supply per head : g (l/capita/d).................... 1)

(Refer to actual values or Item 10.2.)

(a) Assumptions;
This amount of water supply (water supply volume) is the demand amount (m?

/ d) assuming that all customers in the planned distribution area use water

#16-9
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concurrently during that time zone.

(b) Application :
This formula serves as the basis for calculating the basic water volume for

the planned maximum daily consumption.

@ Planned maximum daily consumption: Qd (m®/d) .................... )
= qxPx(I+L)
(a) Assumptions;
* q (I/head/d)= daily maximum supply per head
P (head) =Design population served

+ Lf = Loss amount due to non-revenue water (Refer to Note-2-Q)

(b) Application :
This formula serves as the basis for calculating the basic water volume for

waterworks' scale determination

@ Planned maximum hourly consumption Qh max (m3/h) .................... ?3)
=Q/24(h)
(a) Application :
This formula serves as the basis for calculating the basic water volume

for determining the equipment specifications

@ Planned daily average consumption: Qd av (m3/d) .................... 4
= Qd av x (70~80%)
(a) Application :
This formula serves as a basis for calculating the basic water volume of
the water supply finance plan, including the calculation of chemicals /
electricity consumption / maintenance and maintenance cost / water fee

etc.

@ Planned maximum hourly consumption in normal condition : Qn h max (m3/h)

=Qn hmax x K
(a) Assumptions;
+ K-value: Maximum hourly-variation factor
= (Qh max (m*h) + Average hourly consumption (Q h av: m?/h)
=1.3 (large city) ~2.0 (small city/ special case)
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(b) Application :
This formula serves as the basis for calculating the basic water volume of

the water distribution facility plan / fiscal plan

NOTE-4 What is K-value

(The K value is necessary for calculating the effective water volume of the distribution

reservoir)

@ The Maximum K-value is the ratio of maximum hourly consumption (Inflowing) to average
hourly consumption (Outflowing).
If K-value high means that in the time zone where demand is particularly high then the
balance between the Inflowing and the Outflowing collapses, and the Outflowing increases
more than Inflowing, so the stored amount in the distribution reservoir decreases.

@ Obtained from current analysis of measurement data of distribution variation....Refer to
9.2- (5)

@ Calculation of K-value is shown in Figure -21

@ Seek from existing general reference materials - - Refer to Item-11 (attached documents)

@ Planned maximum hourly consumption in firefighting: Qp (m%/h)......... (6)
= Qnhmax+ Qf
(a) Assumptions;

+ Qf (m?/h) = Amount of fire-fighting water

(b) Application :
This formula serves as the basis for calculating the reference water volume

for the scale determination of the water distribution network.

NOTE-5 Example of prediction of Fire Demands
@ Comprehensively judge from regional population, hearing rate, house structure
(Example for 5000 area................... 1.0 m*/min for 1.0 hour (Japan)
@ Judge from population number .....Refer to Table-1 (Japan)
@ Refer to KENYA STD
(Details : Practice Manual for Water Supply Services. Dec. 2005)
In urban /rural centers, Capacity for firefighting should not be less than 10 liter/sec during

2 hours (0.6 m*/min for 2 hours).

Introduction to NRW in distribution reservoirs February, 2019

Table- 1 Examples of Fire Demands by population (Japan)

populati Fire D ds (m*) | populations | Fire D ds (m%)
5,000 50 30,000 300
10,000 100 40,000 350
20,000 200 50,000 400

4@ Determination of the minimum caliber of delivery and distribution pipes
(a) In small water supply facilities, it is difficult to remove pebbles and gravels into pipes
during construction, even if sufficient water delivery and distribution is possible with
a caliber of about 20 to 25 mm in hydraulic calculations.

(b) The minimum bore size should be 40 - 50 mm or more.

@ Calculation of effective capacity of distribution reservoir V (m%)
(1) Formula :
(@ Effective capacity of distribution reservoir: V (m®).................... @
=QnhmaxxT
(a) Assumptions;
+ Qnh max (m’/h)= Maximum hourly consumption
* T(h) : Required retention hours = Tf + Sf
Tf (h) : Retention hours for adjustment of storage variation
=8 to 12 hours (minimum 6 hours or more)
Sf: Safety factor
(b) Application :

This formula is the effective capacity (actually between the high water level
HWL and the low water level LWL) that can be actually used out of the total
capacity of the water supply reservoir, and it is the basis for calculating the
adjustment capacity that can cope with the time variation of the water supply

volume and abnormality.

#16-11

@ NOTE-6 Example of how to determine the retention hours for adjusting the variation of the storage
capacity: Tf (h)
(a) This retention hours is indicated per day by the ratio of the total storage reduction amount and the total
Inflowing. (Refer to item 9.2)
Formula of Tf=Decrease in daily storage + Constant Inflow rate
Ex. Required retention hours :T (h) = 6.5h (Tf) +1~2h (Sf)=8.5 (h) (Refer to Figure-14)
(b) Effective Capacity (KENYA’s STD)
(Details : Practice Manual for Water Supply Services in Kenya Dec. 2005)

Capacity of Water Storage in Rural and Urban Area are 50% of the daily water demand of the area
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served by the tank.

@ Calculation of capacity of circular water distribution reservoir: V (m?)
(1) Formulas :
Capacity of circular water distribution reservoir: V (m3).......... (8)
=(AxH)+N
(a) Assumptions;
« Effective water depth: H (m)
* Number of reservoir: N (set)
« Cross sectional area: A (m 2) = R (radius) x R (radius) x 3.14
=R2x3140or=V+H

- Diameter: D(m) =2 (VA/3.14) = 2R=R+R

=
v H(m) a
i I

Rx=3.14

Figure-4 Dimension Chart of Cylinder

7. Outline of the Flowmeters / Water Level Gauges Used in the Survey
Basic data necessary for understanding water distribution management, fluctuation in both the Inflow

capacity and the water level will utilize the existing measurement equipment

7.1 Flowmeters
The cumulative flow rate measurement of the both Inflow into reservoir and Outflow as

consumption is recorded with a following flowmeters.

7.1.1 Points to Keep in Mind during Selection
Points to be noted when choosing the type of flowmeters are shown below.
(a) Flow metering can cover flow range of design value.
(b) Accumulated flow rate is displayed.
(c) The instantaneous flow rate is displayed.
(d) Accumulated flow rate and instantaneous flow rate data are saved.
(e) Head loss is low
(f) New flow meters and passed the performance test
Test pressure (1.5 times) / Test duration (1 ~ 2 min.)

Visual examination
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Operation inspection: meter operation, water hammer, water leakage
- Accuracy test: ISO 4064 / MID 2004/22 / EC

- Manufacturer's reputation is good

7.1.2 Types of Flowmeters
The accuracy of the flowmeter causes measurement errors due to the properties of the liquid,
the material of the pipe, the amount of water in the pipe, installation conditions.

Select the optimum model by paying attention to the following items.

@ Pipeline status
(a) Condition of water flow (Is the pipeline completely full?)
(b) "Securing the straight pipe part necessary for the flowmeter" on the upstream side
and downstream side of the measurement part?
(c) Confirmation of aging situation of pipeline. (Influence of measuring accuracy due
to corrosion inside and outside)
@ Model - Selection of caliber:
(a) For selection, check design conditions such as measurement range and
measurement accuracy.
@ Cost Comparison:
(a) Consider the total cost including the flowmeter and related equipment price,
installation cost, maintenance cost etc.
@ Selection of standard products:
(a) Select a product that is certified for performance and that passes the test. And
regularly verify performance every year.
® Generation of pressure loss:
(a) Select pressure type loss caused by inserting the flowmeter, which is acceptable
type.
® Installation location
(a) Choose an installation location that is easy to inspect, dry and difficult to mix

with sewage and has no risk of damage.

(2) Type of Flowmeters
@ Ultrasonic Flowmeters
Overview
When the ultrasonic flowmeter transmits ultrasonic waves at an angle to the Inflow
side in the liquid, there is a time difference of propagation reaching the sensor

between the two points depending on the flow velocity.
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From this difference average flow velocity is converted into flow rate.
The transmission of ultrasonic waves from the sensor is periodically alternately
emitted in the direction opposite to the flow direction (A — B) (B — A), and the

precision of the difference in the propagation time is increased. (Refer to Figure 5)

Points to keep in mind
Attention should be paid to considerations that affect the measurement accuracy of
the ultrasonic flowmeter.

(a) A channel that is always filled with fluid and does not contain a large amount of

bubbles (2% or more as a guideline).

(b) The aperture should be selected within the optimum flow range with an average
flow velocity of 2to 4 m / s.

(c) There is a flow speed and pipe diameter inside the pipe, and as the flow rate is
slow (flow rate is small), the error becomes more likely to occur as the pipe
diameter becomes smaller.

(d) If there are scales (deposits such as rust) on the inner surface of the pipe, volume
of earth and sand, etc. the tube cross section changes and affects measurement
accuracy.

(e) Especially when there is extreme scale adhesion or peeling of lining material,
measurement becomes difficult.

(f) Measurement error will occur if the outer surface of the pipe is rough with a cast

iron pipe.

(g) PVDF pipe (polyvinylidene fluoride resin) wall thickness of 9 mm or less, PP
tube (polypropylene tube) with wall thickness of 15 mm or less.

(h) SGPW pipe [Galvanized steel pipe for water supply (commonly called white
gas pipe) and lining pipe may have errors.

(i) Sensor installation Linear part (upstream: 10D to 50D) Downstream: 10D) is

necessary, please confirm details with the manufacturer.

Seading [

Sensor (A)

{xn - =
Receiveing Sensor (B)
Seadmg R Semsar(A)  Scmsar (B)
Sensor eotTveing

{B)-1(A) II:—‘,}V}J\,— (| =
oA N e

Time Laga»—lq,— S
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Figure-5 Principle of measurement by Ultrasonic Flow meters

@ Electrometric Flowmeters
Overview
When the "water: electric conductor" crosses the inside of the magnetic field, the
electromagnetic flowmeter generates an electromotive force proportional to the speed
at both ends of the conductor. The electromotive force is calculated from the average

flow velocity and the caliber.(Refer to Figure 6)

There is no malfunction due to friction or foreign matter because there are no rotating
measuring instruments such as an impeller and a pointing gear that impede water flow

inside the measurement.

Points to keep in mind

(a) The piping is always filled with fluid and water that does not contain a large
amount of bubbles (2% or more as a guideline).

(b) The diameter is selected within the optimal flow range with average flow

velocity of 2to 4 m/s.

(c) When the average flow velocity is less than 1 m/ sec, the electromotive force
is small and the problem of accuracy tends to occur.

(d) The pressure loss is the same as the pipe of the same length and is "small".

(e) If the flow rate decreases if the diameter is the same as the pipe diameter, use a
reduction pipe (reducer).

(f) Because turbulence and drift occurring at the fitting part of the pipe cause

measurement errors, rectify and equalize.
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Figure-6 Principle of measurement by Electrometric Flow meters

(® Mechanical Flowmeters (Woltman Turbine Meters)
Overview
The axial flow type flowmeter is installed with a turbine wheel / blade wheel in the
pipe flow, rotates at a speed substantially proportional to the flow rate, and
integrates the flow rate from this rotation number.
For large flow rate applications, there are models that adopt a wind turbine impeller

called a turbine type flow meter.

Classification of models
(a) Tangential flow type (vertical type): (Refer to Figure- 7)
- The axis of the impeller is installed perpendicular to the flow.
- Easy structure, easy to maintain -
- Although the measurement accuracy is high, the performance in small a minute
flow rate range is slightly inferior.
- It is suitable for large flow rate such as supplying water to a receiving tank or
the like. (Diameter 50 to 1000 mm)

- The pressure loss is about 100 kpa (1 kg / cm 2) at the maximum.

Figure-7 Principle of Tangential flow type Flow meters

(b) Axial flow type (horizontal type):
- Installed parallel to the flow. (Refer to Figure-8)
- Since the driving force can be made considerably large against the frictional
force, it is possible to measure the flow rate with high accuracy.

- Although the measurement accuracy is high, the performance in small flow rate
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range is slightly inferior.
- It is suitable for large flow rate such as supplying water to a receiving tank or
the like. (Aperture 50 to 350 mm)
- It is also used as a flow meter for low viscosity petroleum trading.
- Pressure loss is about 30 kpa (0.3 kg / cm 2) at maximum.

Numerical
Bear TR

s % Glass

E4! £ Coupling

Figure —8 Example of Trbine meters

7.1.3 Estimation of Measurement Accuracy
A measurement accuracy varies depending on flow velocity in a pipe, air bubbles / air mixing
rate, an installation position / angle, etc. (Refer to Table-2)
Especially the accuracy of the mechanical flowmeter deteriorates due to the wear condition of
the rotor / gear.

Table -2 Example of Meters accuracy

Type/Model Approximate Accuracy Range
1 | Ultrasonic Flow Meters 0.5~1.0 %
2 | Electromagnetic Flow Meters 0.15~0.5 %
3 | Mechanical Flow Meters (Woltman) 1.0~2.0 %
4 | Venturi Meter 0.5~3.0 %

Source: JICA Module-1 Trainees Manual Aug 2013

7.1.4 Head Loss
In particular, the head loss of the mechanical flowmeter generally increases with increasing
flow rate.
As the head loss increases, the accuracy of the measurement range of the small flow rate

decreases particularly. (Refer to Fgure-9 and 10)
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Figure-9 Head Loss in Small Water Meters (Source: JWWA Design Criteria 1978)
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Figure-10 Head Loss in Large Water Meters (Source: ES-waterrnet 2018)

7.2 Water Level Gauges

The water gauge is a device that monitors and observes the difference (water level) between the

Inflowing (A) and the Outflowing (B) in the water distribution reservoir. (Refer to Figure-1)

7.2.1 Points to Keep in Mind during Selection
Points to be noted when selecting the type of water level gauges are as follows.
(a) Determination of an appropriate measuring depth / height
(b) Consideration of fixing method / place of the water gauge
(c) Easy monitoring of water level value
(d) Maintenance-free for a long time
(e) Prevention of malfunction caused by shaking of the water surface caused by the
impact of influent water
(f) Prevention of rainwater Inflow

(g) Waterproof specification, others
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7.2.2 Types of Water Level Gauges
(1) Water level gages
Overview
In the method of measuring water pressure thrown into water, the pressure given to
the diaphragm to the water surface is measured as the head pressure.

This method is easy to install, so there are many examples of use. (Refer to Figure-

11)
-
“ : =
!
Figure-11 Example of Hydraulic level gages
(2) Float level gages
Overview

This method is a measuring instrument that catches and measures the up-and-down

motion of float floated on the water surface. (Refer to Figure-12)

Transmitter

i Screw fype
. — windug dnam

Float~"
Rrcakwave
pipe

Figure-12 Example of Float level gages

(3) Ultrasonic level meters
Overview
This ultrasonic level meter is a meter that measures the water level from the time
required until the ultrasonic pulse emitted from the ultrasonic sensor installed at the top

of the water reservoir reflects off the surface of the water.
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Figure-13 Example of Ultrasonic level meters
(4) Electrode level gages
Overview
This water gauge is a meter which uses the character in which electric capacity changes
and measures a water level, when an electrode is infixed underwater and contact of the

water surface and a pole bolt goes out.

Figure-14 Example of Electrode level gages

8 Survey Methods
8.1 Survey of Leakage from Structures by Visual Inspection / Deterioration Inspection (Outline
description)
8.1.1 Places to investigate
(Semi-underground / Underground / Ground — types distribution reservoirs)
@ Floor (bottom) and side walls (inner-outer)

@ Places where piping is laid in the concrete structure

8.1.2 Phenomenon of aging
@ Leakage occurs
@ Occurrence of cracks
® Surface peeling occurred

@ Occurrence of internal-rebar corrosion, others

8.1.3 Items investigated
Survey items of water leakage from a simple structure are shown below.

@ Confirmation of water leakage from "difference" between Inflow and Outflow

#16-21

Introduction to NRW in distribution reservoirs February, 2019

water volume,

@ Verification of the leakage of water by the water analysis of the "puddle" which
occurs around a civil structure,

@ Visual confirmation of deteriorated civil engineering structure / leakage location /

piping installation site,

@ Confirm of internal deterioration of the distribution pond with chlorine-containing
water vapor,

® Confirmation by strength of civil structure by sampling by compression test, rebar
corrosion, concrete chemical reaction analysis,

©® Confirmation of hammering sound by Hammering test and Schmitt hammer,

(D Verification by alkaline aggregate reaction survey,

Confirmation by reinforcing bar covering depth measurement,

© Confirmation by sound listening survey, others

Figure-15 Example of Electrode Level Gages

8.1.4 Measures

Repair examples are shown below.
@ Repair with concrete waterproof mortar (outer inner surface),
@ Repair by eliminating defective concrete,
@ Repair or installing expansion joint (water stop plate)
@ Repair by construction of inner lining,

® Repair by stainless steel / FRP lining, others

8.2 Watertight Survey of Distribution Reservoirs (Explanation of Overview)
In this method, after filling the distribution reservoir about 1 to 2 times / year, the A-inlet valve
and B-outlet valve are "closed" and the water level variation is visually and measured with a

water level gauge to judge leakage. (Refer to Table-3)
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(1) Methods (in case of sealed distribution reservoirs)
@ After filling the distribution reservoir by water, close the valves A / B and start the
investigation in a sealed condition.
@ Record the full water visually and record the water level gauge reading (m).
@ Record the water level (m) every hour.
@ Convert the water level (m) changed of the day into leakage volume.
(Refer to Figure-4)

(® Water leakage inspection from structures is continued during watertight inspection.

Table-3  Data sheet of watertight survey

Itnterval of | Reading Water Drop of a water | Decline of amount | Itnterval of | Reading Water Drop of a water | Decline of amount
time (h) Level (cm) level (cm) of wate(m3) time (h) Level (cm) level (cm) of wate(m3)

0~1 6~7

1~2 7~8

2~3 8~9

3~4 9~10

4~5 10~11

5~6 11~12

Total

8.3 Function of Measuring Equipment (Flowmeters / Water level gauges / Inflowing control

valve / Inflowing valves / Outflowing valves)

(1) Places to investigate (Refer to Figure-1)
(a) Inflowing meter (FM-A) and Outflowing meter (FM-B)
(b) Water level gauge (W.L.)
(c) Water level adjustment valve (valve with float)
(d) Inflowing valve-A and Outflowing valve-B

(e) Other (Residual chlorine concentration meter)

(2) Negative effect of fault
(a) When the measurement accuracy of the flowmeter decreases, an error occurs in
measurement of the cumulative water amount.
(b) If the water gauge malfunctions, the risk of Overflow increases
(c) If the function of the Inflow level adjustment valve (float valve) decreases, the
risk of Overflow increases.
(d) If the function of the inlet valve / outlet valve fails, the error risk of water

distribution management increases.

(3) Items to be investigated
(a) Operation check of a flow meter;
- Confirmation of the flowmeter accuracy test recording and frequency by Third

party inspection agency and/or a Master flow meter
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- Installation standard of flowmeter
- Installation conditions
(b) Operation check of a water level gauge;
- Calibration of measurement accuracy and a maintenance record.
- The display and alarm function
- Installation conditions
(c) Operation check of a water level adjustment valve;
- Maintenance record
- Float movements inside the distribution reservoir
- Installation conditions
(d) Operation check of an Inflowing valve / an Outflowing valve
- Leakage test
- Installation conditions
(4) Measures
(a) Acquisition of flowmeter performance test certificate
(b) Implementation of a performance test of a water gauge
(c) Improvement of water level adjustment valve

(d) Improvement of Inflow / Outflow valves

8.4 Installation Status of Piping (Inflow piping / Outflow piping / Overflow piping)
(1) Places to investigate
(a) Overflow piping installed and diameter
(b) Inflowing piping installed and diameter
(c) Outflowing piping installed and diameter
(2) Negative effect of fault
(a) Overflow risk increases
(b) Corrosion and dropout of Overflow piping
-Difficulty in water distribution management
-Overflow from upper opening of the distribution reservoir
(c) The performance risk of a flow meter increases by noise/vibration of an
Outflowing piping
(d) When air mixing is measured, the accuracy of the actual flow rate decreases.
(Correct water supply analysis is difficult)
(3) Items to be investigated
(a) Confirm Overflow frequency from outflowing piping and upper opening
(b) Check the installation status of Overflow piping
(c) Check the installation status and diameter of Inflowing piping

(d) Check the installation status and diameter of Outflowing piping
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(e) Check the procedure of water supply management and water level balance record
(4) Measures
For example of piping installation criteria for a distribution reservoir is shown below.
(Refer to Figure.16)
(a) Improvement of Overflow piping
(b) Improvement of Outflowing piping
+ Check the Outflow piping installed at a position where all the effective water
volume can flow out
+ Validation of  spacing (2 times) between LWL and Outflowing piping (to
prevent swirl occurring right above the Outflow piping)
(¢) Expansion of effective capacity
(d) Preparation of hourly capacity fluctuation curve of Inflowing versus

Outflowing.

(e) Preparation of hourly water level fluctuation curve.

Source: JWWA Design Criteria for Water Facilities

Figure-16 Typical Installation Requirements of an Outflow Piping of Water Reservoir

9. Examples of Evaluation of Monitoring Function of Water Distribution / Water Level

Management (Introduction of Studies of Simulations)

9.1 Necessity for Monitoring of Distribution Management by Simulation Learning
In order to rationally and effectively maintain the monitoring function of water distribution
management, it is necessary to properly measure the fluctuation of water demand (water volume /
water level balance) at the time level every day, and to evaluate the trend of data in a timely, and it
is necessary to learn an evaluation method (simulation) that predicts the occurrence of non-revenue
water early.

The Case study of "Method of evaluation of monitoring function" is shown below.

9.1.1 Evaluation a graph of daily-hourly fluctuation of water distribution using the area

method (Case-study-1);
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@ Calculation of actual K-value. (Refer to NOTE-4)

9.1.2 Evaluation a Curve Graph of daily-hourly fluctuation of water level (Case study-2);
(D Understanding of the time period Overflow risk due to high water level,
(@ Understand the time of occurrence of air mixed water supply risk due to low water
level.

9.1.3 Evaluation a Curve Graph of daily-hourly fluctuation of water level (Case Study-3)

9.2 Evaluation Method by a Graph of Daily-hourly Water Distribution by the Area Method
(Case Study-1: Constant Inflowing)
By creating / analyzing an area graph, such as “area of hourly average inflowing” and
“outflowing exceeding inflowing”, it is possible to understand/ grasp the prediction of increase

/ decrease in the amount of stored water.

9.2.1 Assumption:
(a) Hourly average Inflowing (Constant inflowing) :Q h av =300 m3h

9.2.2 Survey Procedures:
(DMeasure inflowing and outflowing (consumption) hourly simultaneously for 24 hours
continuously, (Refer toTable-4)
@ Show data in an "area method" graph, (Refer to Figure-17)
@ Understand the maintenance indexes from the created graph. (Refer to Results of
data analysis)
(a) Prediction of maximum K-value,
(b) Forecast of the time period Overflow occurs,
(c) Prediction of maximum time zone of outflowing (consumption) (m*/h),
(d) Prediction of actual consumption shortage volume (m?)

(e) Prediction of required retention time (Tf) (h)

9.2.3 Measurement Equipment to be used:
@ Flow meters (Inflowing and Outflowing)
Inflowing meter (FM-A) and outflowing meter (FM-B).

9.2.4 Data Sheet
A measurement item required for preparation of a data table is shown below.
(Refer to Table-4)
O Hourly average Inflowing (Constant inflowing) :Q h av (m?/h)
@ Hourly Outflowing (Consumption) :q h (m3/h)
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Table-4 Example of Data Sheet of Water Distribution Hourly-change

@ Qhav: | @gqh: ® @Houly | ® ® @ Qhav: qgh: ° @ Hourly | @ ®
| Houlyave | Hourly Increment|Decremen| | Hourlyave |  Hourly | Nuctuation |Increment|Decremen|
Time A : Cumulative Time 3 H Cumulative
. 1 Inflowing | outflowing outflowin rate of | ed Inflow |ted Inflow| interval Inflowing | outflowing outflowin rate of | ed Inflow|ted Inflow|
imterval | Constant) | (Fluctuated) it © | outflowing| (m): | (m): (Constant) | (Fluctuated) it ® |outtlowing: | (m): | (m):
ww | @w | T |20 | 0-0 | 9-0 (b | (ot @ 20 | 0-0 | 9-@
0~1 300 100 100 3 200 [~ 300 400 00 3 100
1~2 300 100 200 33 200 — [13~14] 300 400 000 3 -100
2~3 300 50 50 17 250 —ia~15 |30 350 350 17 50
3~4 300 50 00 17 250 — [i5~16] 300 350 700 17 50
4~5 300 50 50 17 250 — [le~17] 300 400 100 3 <100
5~6 300 100 450 0.33 200 - 17~18 300 450 5,550 1.50 -150
6~7 300 300 750 1.00 0 — [18~19] 300 500 6,050 1.67 200
7~8 300 400 1,150 133 - 00| 19~20 300 450 6,500 15 -150
§~9 300 500 1,650 167 - 200 [ 20~21 | 300 400 6.900 3 - ~100
9~10 | 300 550 2,200 1.83 - 250 [ 21~22 | 300 150 7,050 5 150
10~11 300 500 2,700 1.67 - 200 | 22~23 300 100 7,150 3 200
1i~12] 300 500 3200 1.67 - 200 [ 23~24] 300 50 7.200 17 250
Sub-total | 1.350 950 Required effective [(=1.950/300)] Sub-Total [ 600 | -1.000
capacity (hr) 65 G-Total | 1,950 | 1.950 |

9.2.5 Preparation of an Area Graph

The composition of the graph to be created is shown below. (Refer to Figure-17)

@ Inflowing (left) and Outflowing (right) on the vertical axes of coordinate,

@ Measurement time on the horizontal axis of coordinate,

GO0

600 — T T e s e e s s e e
l ¢l i okly Oratfloring {Comammpth A
550 | Ramge of Max daily- —
honrly Outflowing Kl
s00 | feonsumption A ~G) b3 S4138 S 500
— | — Sl iy
400 N X oz |l - 400
n
Decremented 58 | 89 Decremented
| -A 950mih il -B 1000w 3% 1 Hourly
B ; sy F Outflowing
300 - (m3/h)
T S " Hourly ave Inflowing
II?Q:T::::M' A (Constant) (360 md/b) |
w0l : 200
Hourd
¥
Inflow
100 100
G
r v
0 2 4 6 E 0 12 4 16 18 20 2 24
m P Time  s— pim

SoT=—] Rene of Timearying ofthe daily Outflowing
(Consumption): 50 to 550 m3/h
E Total volume decremented (S1to S14) : 1,950 m3
=1 Total volume Incremented Q1 to Q9): 1,950m3

Figure-17 Hourly Capacity Fluctuation Graph of Inflowing versus Outflowing (by Area method)
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9.2.6 Results of Data Analysis:
Analytical findings of the above-mentioned Figure-17 are shown below.
(D K-value (equivalent for maximum hourly outflowing /Consumption) rate-of-change
= 1.83 (Time zone: occurred at 9 to 10 am)
(@ Range-of- hourly fluctuation of K-value = 0.17 ~ 1.83
® Time zone with low water demand = 23 - 24 pm
@ Time zone with high water demand = 8 to 12 am and 17 to 21 pm (2 times /d)
(® Range of hourly Outflowing /Consumption) rate-of-change = 50 to 550 m? /h
©® Reduction in storage occurring during periods with high water demand (S1 - S9)
= 1,950 (m%)
Amount of water filled up during periods with low water demand (Q1 to Q9)
= 1,950 (m%)
Retention hours for adjustment of storage variation: Tf (h)

Q

= Total reduced water volume (©® ; S1 - S9) (m?) + Hourly- averaged inflowing rate

(m?/h) = 6.5 (h) or more (1,950 /300 = 6.5 h)

9.2.7 Improvement of Monitoring System for Distribution Magement
@ In particular, strengthening of the monitoring system and countermeasure team
during the time period when outflowing is likely to occur (22 pm to 5 am)
@ Reinforcement of monitoring system for inflowing during late night to early

morning.

9.3 Evaluation Method by a Curve Graph of Daily-hourly Fluctuation of Water Level
(Case Study-2; 50% of Total Inflowing)
By creating / analyzing an area Curve Graph, such as “hourly water level rate-of-change”
and “hourly inflowing (constant and fluctuated) versus outflowing rate-of-change”, it is
possible to understand / Grasp the prediction of the appropriate water level management of

the distribution reservoirs.

9.3.1 Assumptions;
@ Hourly Inflowing :
(a) In case of hourly inflowing rate —of-change (Refer to Figure - 18)

(b) In case of 50% of hourly inflowing continuously (Refer to Figure - 19)

9.3.2 Survey Procedures:
Based on the time variation data of the water level, it is possible to grasp the prediction of the
optimum water distribution management for the day, such as "prediction of water supply

balance" and "countermeasure against NRW."
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(D Measure water distribution amount (inflowing / outflowing) and water level at one 9.3.5 Preparation of an Curve Graphs

hour interval simultaneously for 24 hours continuously. The composition of the Curve Graph to be created is shown below. (Refer to Figures-18-19)
@ Create a Curve Graph, @ Inflowing and Outflowing on the vertical axis of coordinate,
@ Grasp indicators of maintenance from the Curve Graph, @ Water level on the vertical

(a) Prediction of the time zone which Outflowing may generate (® Measurement time on the horizontal axis of coordinate,

(b) Prediction of the time zone which air mixing water supply may generate

(c) Prediction of the tendency to change the amount of water supply (inflow/outflow),
P, -
; 7T\ B=Outfloyo~, Ex
and a water level / \ ! \/ TN hebasome mosmatu
! Voo N !
H \ i N | N
0%, - ML + L 1 e
9.3.3 Measurement Equipment to be used: oot \ ,’ 1 J
. . —Int s DCOURN
@ Flow meters (Inflowing and Outflowing) Actiflow(Constant) R e
Measure the inflowing meter (FM-A) and outflowing meter (FM-B) Pt S I N S N R N S T
@ Water level gauges o = Time
verflow
5.0m O\ ¥ HWL 5.0m
r . . . v =+ WV _HwL
40m «— Difference (A-B)=Water Level r — r- 3
9.3.4 Data Sheet: / \ / \ o Difference (A-B)=Water Level * /\ SN
3.0m . ‘J Ex. Pipe Dia.=0.4m * 2= 0.8 m (LLWL) Som Jl -~ I .
A measurement item required for preparation of a data table is shown below. N ;
q prep zo.{k‘/ . % zﬂzi / \ ~ . \_9 %?
Refer to Table-5) H , . . . .o
( ) R 10m LLWL!\ 9\ .= 10m \V(:YL /VLLV&\ 9/ No I Possible Leﬁwaemmmshmg
@ Hourly Inflowing :Q h (m*/h) o D S N O S O A | o S 7/ o
@ Hourly Outflowing :q h (m3/h) Cument & 810012416 08 5 2024 24 Cument © 8 , 012 &1k 18 g 2 L 4
® Hourly Water levels: (m) Possible Overflow (A) Possible air mixing (0.8m or less) Possible air mixing (0.8m or less) (B)
@ Confirmation of noise generated at Outflowing pipes Figure-18 Temporal-change Curve of Water Level Figure-19 Temporal-change Curve of Water Llevel
(Inflow rate 50% but fluctuated) (Inflow rate 50% constantly)
Table-5 Example of Reservoir Level Monitoring Sheet
Reservoir Name: Officer Name: | Date: 9.3.6 Results of Data Analysis:
Capacity (m3): Surface area (m2): | Weather:
HWL (m): [Water depth (m):_| Oy Analytical findings of the above-mentioned Figures-18 & 19 are shown below.
LWL (m): Level of Outflow Pipe (m): Number of outflow |No.1 Dia (m):
TypeolEqu [ i T Piping (pes) _[No.2 Dia (m): (a) In case of hourly inflowing rate —of-change (Refer to Figure - 18)
TIME | Water Level (m) Inflow Meter ) Outflow Meter ) Noise detection at Outflow Pipes
i ND (No.I meter) | ND(No.2 meter) | Acc Total (m3/hr.) | ND (No.1 meter) | ND(No.2 meter) [ Acc Total (m3/hr.) | ND (No.1 meter) [ ND(No.2 meter) @O Time zone with possibility of overflow: @ 9:00~10: 0,
4:00
500 ® Time zone with possibility of air mixing due to low water level (LWL): @ 19:
6:00
7:00 00 ~ 23: 00
8:00
20 (b) In case of 50% of hourly inflowing continuously (Refer to Figure - 19)
1112%% (@D Time zone of low LWL where there is a risk of air mixing: 5:00 ~ 8: 00, 11: 00
g
13:00
1288 ~13:00,© 17: 00 ~ 19,
S ®© Time zone of water level drops due to leakage accident or piping line washing: @) 23:
Do 00 ~ 24: 00
21:00
22:00
23:00
’jgg 9.3.7 Improvement of Monitoring System for Distribution Magement
il (a) Strengthening of the water distribution management monitoring to prevent loss of purified

water by comprehensively predicting and judging what kind of the curve of water level
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currently distribution reservoir changes with past experience.
(b) In the unlikely event that the balance of water level exceeds the allowable range,
strengthen the management system that can accurately and rapidly communicate the

abnormality of water level to the operator and recover stability at an early stage.

9.4 Evaluation Method by a Curve Graph of Daily-hourly Water Level Variation
(Case Study-3; 60% of total Inflowing)
By creating / analyzing an area Curve Graph, such as “hourly water level rate-of-change” and
“hourly Inflowing constantly versus Outflowing rate-of-change”, it is possible to understand /

Grasp the prediction of the different water level management of the distribution reservoirs.

9.4.1 Assumption;
@ Hourly Inflowing :

(a) In case of 60% of hourly inflowing continuously (Refer to Figure - 20),
9.4.2 Survey Procedures:

(a) Same as above, 9.3-(2),
9.4.3 Measurement Equipment to be used:

(a) Same as above, 9.3-(3),
9.4.4 Data Sheet:

(a) Same as above, (Refer to Table-5)
9.4.5 Preparation of an Area Graph:

(a) Same as above, (Refer to Figure-20)

7N £~ B=Outflow

- EX.
,' “ ,, \\/ " \Y |Pipe Dia=0.4m * 2= 0.8 m (LLWL)
o 1 Y2 1\ 1 ‘l A=Inflow(Constant)
N \_Z L) =
= W D] v P 0
\ 1 1 /
~o ,' 1 ’I
~
‘\ -
+ t t t + t + + + + |
Current 6 8 10 12 14 16 18 20 22 24 2 4
Time s
LYy
30m LHWIf —~ 'Overﬂoww *
4.0m Difference (A-B)=Water Level
.

. N Possible Leaking
2.0m|

. @ accident or washing
. B
v\
1.0m \ P { VILWL + g \. j@
1 1 Il I }

0.0 |
~ 6
Current

g

L L I 1
+ + i

10 12 14 16 18 20, 22 4 2 4

Possible air mixing (0.8m or less) o ossible Overflow

Figure-20 Temporal-change Curve of Water Level (Inflow rate 60% constantly)
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9.4.6 Results of Data Analysis:
D Time zone with possibility of overflow: €920:00~@3:00,
@ Time zone with possibility of air mixing due to low water level (LWL): ©6:00~7:00,
@11:00~13:00, @17:00~19:00,
® Time zone of water level drops due to leakage accident or piping line washing: @ 23:
00 ~24: 00

9.4.7 Improvement of Monitoring System for Distribution Magement

(a) Same as above, 9.3-(7),

10 The Validation Method of Current Design Parameters (Case Study-4)

10.1 Necessity for Learning Exercises

Currently, it is required to evaluate whether the functions of existing distribution facilities are
able to cope with expansion of water supply area, change of temperature / weather, change of
living environment and change of water demand.

Also, it is indispensable to strengthen the ability for engineers to check the design specifications
of water distribution reservoir, in order to formulate long-term non-revenue water reduction
plans in distribution reservoirs.

The examples of simple calculation procedures of main design parameters and an assumption

methods of constant numbers are shown below.

10.2 How to Determine the Maximum-daily Supply per Head : q Vhead/d)
This water supply volume / consumption tends to increase or decrease every year depending on

living environment and /or urban development situation, with daily maximum supply per head.

(1) Examples of q (I/head/d)
@  In Japan: standard home (Medium size city@2018) + + + 200~400 1 /head/d
@ 1In KENYA: Refer to Table-6 + + + -+ - 75.0 1 /head/d

Table-6 Water Consumption rates: ¢ (KENYA STD)

Case of People with individual connections

Unit Rural Areas Urban Areas
High Medium Low High Medium Low
potential potential potential potential potential potential
1/head/d 60 50 40 250 150 75

(Details: Refer to the Practice Manual for Water Supply Services in Kenya Dec. 2005)
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10.3 How to Determine the Planned Maximum-daily Consumption: Qd (m?/d)
@ Formula : Qd (m*/d)= q x P x (1+Lf)
@ Assumptions; (Use KENIA STD In Rural Area)
(a) Design daily maximum supply per head : q I/head/d)
=75.0 I/head/d= 0.075 (m?/head/d),
(b) Design population served: P=44,800
(c) Loss amount due to non-revenue water: Lf
=20%=0.2 (Refer to Note-2-®)
® Result of calculation :
(a) Qd = (g xP) (1+Lf)
=(0.075 x 44,800) x (1+0.2) = (250) x (1.2) = 4,032 (m*/d)

10.4 How to Determine the Planned Maximum-hourly Consumption: Q h max (m’/h)
@D Formula : Q h max (m3/h) = Q / 24(h)
@ Assumptions; Q =4,032 (m3/d)............ccoeeeiiiiiiiienei. (Refer to 10.3-®)
@ Result of calculation : Q h max = 4,032 /24=168 (m*/h)

10.5 How to Determine the Planned Daily Average Consumption: Q d av (m%/d)
@ Formula : Q av (m*d)= Q x Kf
@ Assumptions; Q =4,032 (m¥/d) ..........ccoeeeiiiiiiineeiiii (Refer to 10.3-®)
Kf= Coefficient=0.8
@ Result of calculation : Q av=4,032 x 0.8=3,226 (m*/d)

10.6 How to Determine the Planned Maximum-hourly Consumption in Normal Condition: Qn

h max (m*/h)
@ Formula : Qn h max (m3h)=Q XK
(a) Maximum hourly consumption: Qn h av (m¥h) =Q =+ 24 (h)
(b) Average hourly Inflowing: Qn h av (m’/h)
(c) Max. Hourly Outflowing: qn h max (m?/h)

(d) Maximum hourly-variation coefficient: K-value = qn h max ~ Qn h av

@ Assumptions; (After arraignment of Data sheet of water distribution hourly-

change Refer to Figure-21)
(a) Qn h av =4,032 +24= 168 (m?/h)
(b)Assume; qn h max=307 (m?/h)
(c) K =307-168= 1.83
@ Result of calculation : Q nh max=168x1.83=307 (m*/h max)

......... (Refer to Figure-21)
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NOTE-7 General assumption method of K-value

(a) An examples of the assumed value of K - value (Maximum hourly -

variation coefficient) are shown in item 11 (Attached documents).

Reduction Area of stored
‘water amount

F a0 |
Dnoun. 200 quhmax= /i
i s 307 (e[S
100+
500

e
Qnhav=168 (m® /h)

Example of Max. 307
Hourly Coefficient: K= '—7' =1.83

0 L T ST SO s e | T SP0K e NG T i TR e 38 (e (50 ARA WAL |
1234567 89101112131415161718192021222324
Time

Figure-21 Find-out Example of a K-value from Fluctuation Graph of Inflowing versus Outflowing

10.7 How to Determine the Planned Maximum-hourly Consumption (Outflowing) During

Fire fighting : Q p (m*h)

@® Formula : Q p (m*/h)= Qnh max+ Qfh max

@ Assumptions;
(a) Qf =Amount of firefighting= 0.6 m*/min x 60 min =36 (m°/h)

(Example of KENYA: Refer to NOTE-5)
(b) Qf h max (m*/h): Amount of hourly required fire-fighting water
=307 (m*h max)
® Result of calculation : Q p =36 + 307 = 343 (m’/h)

10.8 How to Determine the Effective Capacity of Distribution Reservoir: V (m%)
@ Formula : V(m?)=Qn h max xT
(a) Hourly Inflowing: Q h av (m3/h max)
(b) Required retention hours: T (h) = Tf + Sf
Tf (h): Retention hours for adjustment of storage variation
Sf (h): Safety factor (2~4)

@ Assumptions;

() Q=4,032 (m3/ d ) wweerrreererrreeeeees (Refer to 10.3, @)
(b) Q hav =4,032 24=168 (m*h)........... (Refer to 10.6,2)
(c) T=6.5+2=8.5 (h)

FTE=6.5(N).ovvveeeeeeeeee (Refer to 9.2,(5), ®)

* Sf=2.0 (h)
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@ Result of calculation : V=168 x 8.5 = 1,428 (m%)

10.9 How to Determine the Outside Dimension of Circular Water Distribution Reservoirs
@ Formula : V(m®) =A x H
(a) Sectional area: A (m?) =V (m*) + H (m) + N
=R (radius )xR(radius)x3.14 =R?x 3.14
(b) Diameter: D (m) = 2x(VA/3.14)= 2 R=R+R

@ Assumptions;
(a) Capacity : V=1,428 (m%)................ (Refer to 10.8, @)
(b) Effective water depth: H=4 (m)

(¢) Number of reservoir :N= 1 (unit)

@ Result of calculation : (Refer to Figure-22)
(a) A= 1,428 +4 =357 (m?)
(b) D =2x( 357/3.14) = 21.4 (m)
(¢) R=21.4+2=10.7 (m)
(¢) H=4.0 (m)
() N=1 (unit)
Lighting rod

Vent (P.C made)
Hundrail {ahominiom made)

pipe

Concrete Construction

] |
-

i L

S

Figure-22 Example of Cross-sectional View of Circular Water Distribution Reservoir

11. Implementation of function evaluation of outflow pipe
11.1 Necessity
The occurrence of non-revenue water due to overflow of the distribution pond is considered to be
difficult to control the water distribution balance if the outflow pipe diameter is smaller than the
inflow pipe diameter.
In order to prepare and implement an appropriate water distribution management plan, it is

indispensable to grasp the function of the water distribution pipe beforehand.
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11.2 Basic items to be verified

(1) Confirmation items of current status

February, 2019

@ Measurement of the maximum amount of water distribution and variation of water

demand

@ Confirm whether pressurized flow

(a) In the Pressurized or pumping flow

(b) In the Open channel Flow
® Confirm the flow inside the pipe

(a) Flowing full

(b) Partially full

@ Confirmation of the water level of the distribution pipeline, pipe length / pipe diameter

/ type of material

® Confirmation of design parameters such as hydraulic gradient and maximum flow

rate

Hazen-Williams Coefficient

@ Description of a technical terms required for hydraulic design calculation is shown in 12-2.

Table-7 Items of Design Specifications to be Verification

Type of Flow inside the Design conditions Items to be confirmed / calculated
pipe
@ Closed flow (D Max. Flow rate : Q (m?/sec), D Item to be considered
(Flowing full) @ Hazen-Williams Coefficient : - Economical mean flow velocity: V (m/ sec)
(Discharge coefficient): (C) @ Items to be calculated
® Hydraulic gradient or Slope: S (%o), - Economical pipe diameter: D (m)
@ Pipe length :L (m) - Cross-sectional Area of flow: A (m?)
- Wetted Perimeter: P (m)
D Max. Flow rate : Q (m*/sec). - Hydraulic Radius: R (m),
@ Open channel @ Manning Roughness - Friction Head Loss: f (m)
(Partially full) Coefficient:(n) @ Items to be confirmed
® Hydraulic gradient: S (%o), - Volumetric Flow Rate: Q (m%/s)
@ Pipe length: L (m) - Flow velocity : V (m/sec)

11.3 Terminologies

D Q (m¥/sec) is the Volumetric Flow Rate passing through the pipe or channel.

@ A(m?) is the Cross-sectional Area of flow normal to the flow direction.

@ f(m)is the Friction Head Loss in which is loss of pressure or “head” that occurs in pipe or duct

flow due to the effect of the fluid's viscosity near the surface of the pipe or duct.

@ S is the bottom slop of pipe or channel called the Hydraulic Gradient.

#16-36




Introduction to NRW in distribution reservoirs February, 2019

® n (-) is a dimensional empirical constant called the Manning Roughness Coefficient.

® C (-) is the Discharge Coefficient of the ratio of the actual discharge to the theoretical discharge,
Call Hazen-Williams Coefficient.

(@ P (m) is the Wetted Perimeter of the cross-sectional area of flow.

R (m) is the Hydraulic Radius (= A/P) in which is the area of the water prism in a pipe or

channel divided by the wetted perimeter.

S=Hydraulic gradient or Slope <h/L

— I ~ Vmis
N

h
Figure- A

11.4 Formulas and /or Graphs used for hydration calculations

11.4.1 Use of Empirical Formulae and Equations SEBR=
In water supply the following three equations are used most commonly.
(a) Weston formula (Applied to 50mm or less)
(b) Hazen-Williams’s formula (Applied to ¢75 mm or more)
(¢) Manning’s formula (Applied to open channel flow only)

11.4.2 Use of Graphs of Flow (I/sec) vs Hydraulic gradient (%o)
The easiest method to check on whether flow rate is available or not is to make use of
the Frictional Head Losses Graphs in which show the specific flow (I/sec) vs and
amount of frictional head losses per unit length of pipe “Hydraulic gradient (%o0)” at

each pipe dimension.

11.5 Items to be proposed
(1) The most economical water distribution system
- It is to use the gravity flow velocity obtained from the Hydraulic Gradient.
(2) Expected effects by the combination of the most optimal economic flow rate and optimum
pipe diameter
- Comparison of construction cost reduction by adopting the optimum pipe diameter /
material

- Comparison of reduction of maintenance cost

@ 1f the planned flow rate is set to be earlier, the pipe diameter becomes smaller, but
on the other hand, the loss of piping network such as pipeline / valve becomes higher,

resulting in continuing increase in power cost, increase in repair cost of piping
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(3) Estimated economic flow rate
Empirical reference values are shown in Table-8.

Table - 8 Example of Economic Flow Velocity

Flowing full in the Pipe Pipe diameter (mm)

75~150 200~300 350~600
Gravity flow 0.7~1.0 (m/sec) 0.8~1.2 (m/sec) | 0.9~1.4(m/sec)
Pressurized by pump ~ 2.0 (m/sec) 2.1~2.5 (m/sec)

(4) Measures to reduce the occurrence frequency of overflow
(a) Review material / diameter / number of water distribution piping,
(b) Review of distribution pressure balance / pump facilities,
(¢) Review of arrangement / capacity of water reservoirs (review of water supply zone,

pipe network aiming at reduction of electricity consumption)

12. Attached Documents
12.1 Example of Selection of K-value (Maximum-hourly Variation-coefficient)
As for selection of the K-value, the following experience values are adopted in consideration of

water supplied population, living environment conditions, etc.

12.1.1 Use of existing data
(D Relationship between Design population served and Time coefficient,
(Example: the scale of 5,000 heads: 2.0 ......... Refer to Figure-23)
@ Relationship between Daily consumption and Time coefficient,
(Example: the scale of 10,000 heads: 1.6 ........ Refer to Figure-24)
® Relationship between Effective capacity and Time coefficient,
(Example: six hours: 1.8 ........cccecvvveirinenne Refer to Figure-25)
@ Trend of K-value to be changed
(a) If the distribution area becomes large scale, variation coefficient will be equalized
and a K-value will become small.
(b) If the difference of temperature is small and there is no change in the climate, the K-
value will tend to become small
(c) If the well is used and /or water distribution area is small, the K-value of the dry

season will tend to increase.
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Figure-25 Example of Relationship between Effective Capacities of Reservoir by Time Coefficient
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12.2 Basic knowledge of hydrology

12.2.2 Points to keep in mind when calculating hydration

February, 2019

(a) In order to prevent mistakes in calculation, the unit is unified with m, m2, m3, m 3/ s (or

L/s).
Table-9 How to Display Units
(1) Length (2) Area (3) Volume (4) Pressure (W.Head: 100 m=0.98 Mpa)
1 mm=0.00lm 751 mm? 1m?=1000¢ Water head 100 m = 1.0 Mpa =1,000 Kpa
10 mm = 0.01m =0.000751 m?> | 1¢ =0.00lm> | Water head 10m = 0.1 Mpa = 100 Kpa
50 mm = 0.050 m 200¢0= 0.2m’ Water head 1m = 0.01 Mpa = 10 Kpa
100 mm = 0.Im 1,000 ¢ = 1.0 m?

(5) Flow rate

Quantity of flow which flows

through the inside of a pip
(m*/Sec)
Q =A(m?+ V(m/sec)

e ;0

(6) Hydraulic gradient = Loss head

Hydraulic gradient (Slope); S (%) = (hL =~ L) X1, 000

1,000 %0 =100 % =1
100 %0 =10 % =0. 1
10 %0 = 1 % =0.01

thousandth.

%o (Per-mille) represents one

Cross-sectional area of a pipe; A

m?)  A=Q+YV (m/sec)

Loss head; hi(m)
=(SxL) + 1,000

Average flow velocity in a pipe ; V'

(m/sec)  V=Q+A(m?)

Pipe length : L (m)

S=Hydraulic gradient or Slope =h/L.

= Vms
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Figure -B Mathematical Formulas

12.3 Hydraulic Characteristic Value of Circular Pipe

12.3.1 Calculation formulas for Hydraulic design

The calculation of the cross-sectional area of a circular pipe can be obtained from a

given condition of flow rate / hydraulic gradient use following formulas

(a) Hazen-Williams’s formula

(b) Manning’s formula
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12.3.2 Hydraulic characteristic curve (Refer to Figure-26 and Table-10)

As shown below, the maximum flow rate and the maximum flow rate of hydraulic

characteristics at full (1.0) are varied depending on the full water rate.

(D Max. Flow rate

The full flow rate at which the maximum flow rate can be obtained is 0.938
(93.8%) — 1.074 times

@ Max. Velocity

The full flow rate at which the maximum Velocity rate can be obtained is 0.81
(81.3%) — 1.124 times

€ How to decide design flow values

The downward flow capacity of a circular pipe is calculated with full pipe considering safety.

Table-10 Change in hydraulic characteristic value
1.0 r=y T
0.9 /19 F\DQ §
o A1 I‘
= g | 0.813
[ WD | aaAfll | RR&M | VVRL | QQfll | | = 08 As |
| o 0.052 0.254 0.401 0.021 Z 07 ?seﬁ" - 7
|02 _0482 | 0615 0.088 = g - el ird
o3 0684 | 0776 | 0.19% s el 7
| 04 0857 | 0902 | 0337 I Qg‘\t_-,o_‘(‘,‘a‘
[0 3 1000 | 1000 | 0500 g 04 " S
| o6 0627 | 1110 | 1072 | 0672 2 o3 : \,\\\‘Z_@ =
L . sz | J7 3
| o7 0748 | 1184 | 1119 | 0837 < 02 7 R:%_/
| os 0858 | 1218 | 1141 | 0979 & o1 A V:
2 0 1
|09 038 | LISL | L1241 Lo 0 0.1 020304050607 08 09 1.0 1.1 1.2 1.3
| 5 5
O | 0961 | Jlio | L0 NS VIVl - Q/Qfull + A/Afull and RRfull €9
[ 10 1.0 1.0 10 1.0
Figure-26 Characteristic Curve Diagram

12.4 Exercise in Hydration Calculation

12.4.1 Weston formula and Equation (Apply to @50mm or less)

(1) Formula

Calculation for Friction head loss in steel pipe, in hard PVC, in polyethylene pipe under

50mm in diameter are made according to following Weston formula.

h=(0.0126 4

0.01739-0.1087d4 L v*

2

fv d 2g

S= (/L) *1000
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Where
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h; Friction head loss of pipe (m)

Q: Volumetric Flow rate (m?/s)

V: Mean flow velocity in pipe (m/sec)

L: Pipe length (m)

d : Internal diameter of pipe (m)= (V" 4Q) + (z *V)

S: Hydraulic gradient or Head loss per unit length Slope (%o)
= (hf/L)*1000

Table-11 Example of the Values of Hydraulic Gradient :S (%o)

Diameters (mm) | Hydraulic grade (%o) | Diameters (mm) | Hydraulic grade (%o)
13 less than 400 40 less than 70
20 less than 200 50 less than 50
25 less than 150 75 less than 30
30 less than 110 100 less than 20
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Figure-27 Example of the Head Loss Graph of the Service Pipe

@ Practice Exercise-1 (50 mm water distribution pipe)

@ Calculate a Total Friction Head Loss (m) and Hydraulic Gradient (%o) ?

=Y

v

Main Reservoir

A

M Float Valve
Py A4

1,000 m B =

| Water Tank

1

Figure-28 Service pipe line (50mm)

716 -42



Introduction to NRW in distribution reservoirs February, 2019

Table-12 Result of Calculation in Exercises -1

Weston Formula Ex-1

Introduction to NRW in distribution reservoirs February, 2019

@ Practice Exercise-3 (25 mm Service pipeline)

@ Calculate a Volume flow rate Q (£/sec) ?

B
Vism q Service
faucet
about 2.5 m|
2m
A
Snap tap V¥ _Im 1.0m|
6 0.22
Mpa

| 200m

Figure-30 Service pipe line (25mm)

Table-14 Result of Calculation in Exercises -3

Weston Formula Ex-3
Item # Conditions / Assumptions

1 Volume flow rate: Q = ? Q/sec

2 Inside hydraulic diameter: d = 25 (mm)

3 A-B Total length of a pipeline ; L = 20+2.5= 22.5 (m)
4 Water level :hl = 1+2.5= 35 (m)
5 Other Friction Head Losses (valves) ; h2 = = 22 (m)
6 Loss of head of a margin (@ point B); h3 = 15 (m)
7 A-B Total Friction Head Losses ;Xh = h1+h2+h3 20.7 (m)
8 Hydraulic pressure (@ point A); P = 22 Mpa 22 (m)

Solution
8 Friction water loss : h4 = P-Zh 1.3 (m)
9 Hydraulic Gradient; S = S= (h4/L) x1,000 57.8 (m)
Find Volume flow rate
11 From Figure -27 Ex.3; d(25mm) —S§ (57.8%0) = Q= 0.50 (%/sec) |

Item # Conditions / Assumptions
1 Volume flow rate: Q= 2 Qsec 0.002 | m’/sec | 172.8 | m'/d ‘
2 Flow velocity: V = 1.0 (m/sec)
3 Inside hydraulic diameter: d = 0.050 (m)
4 A-B Total length of a pipeline ; L = 1,000 (m)
5 Gravitational acceleration ; G= 9.81 (m/sz)
Solution
6 Friction Head Losses : h= ((0.0126+((0.01739-(0.1 087*d)/[v))*(L/d)*(\’Z/2_&) 24.7 (m)
7 Other Friction Head Losses (10%); h1= h*0.1 2.5 (m)
8 Tota Friction Head Losses £f = Xh=h+hl 27.2 (m)
9 Hydraulic Gradient; S = (Zh/L)*1000 272 | (%o)
Confirmation by Figure-27 Ex.1 When S= 27.2 (%) and Pipe dia 50mm —=Q=2.0 (#5c0 | OK
@ Practice Exercise-2 (25 mm Service pipe)
@ Calculate a Hydraulic Gradient or Head loss per unit length Slope (%o) ?
B,
t‘ \/ S5m
Figure-29 Service pipe line (25mm)
Table-13 Result of Calculation in Exercises -2
Weston Formula Ex-2
Item # Conditions / Assumptions
1 Volume flow rate : Q = 0.4 Usee 24 | o/min | 34.56 | m¥d |
2 Inside hydraulic diameter: d = 25 (mm)
3 A-B Total length of a pipeline ; L = 20 (m)
Solution

4 Hydraulic Gradient; S = From Figure -27 Ex. 1; d(25mm) —Q (0.48/sec)— | 40.0 (%o) |
5 Friction Head Losses : h= (LxS) /1,000 08 | m |

Confirmation by Figure-27 Ex.2 When S= 40.0 (%0) and Pipe dia 25mm —>Q= 0.4 (2sec) OK
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12.4.2 Hazen-Williams formula and Equation (Pressure Flow: Apply to ¢75 mm or more)

(1) Formula
The Hazen-Williams equation is an empirical formula and the most widely used method in
the design of pipe lines for calculating how much the ambient pressure drops in water
flowing through a pipe due to friction with the interior surface of the pipe, the pipe's interior
diameter, and the velocity of flow rate for the water.
The equation is expressed as follows

10.67 L Q%

TUOW AT 19)

Q=AxV
V= C YRS =CR"5* §05
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Where;

hf=Head loss (m)

L= Length of pipe (m)

Q= Volumetric Flow rate (m?/s)

d = Internal diameter of pipe (m)= (V" 4Q) + (x *V)

C =Non dimensional Hazen-Williams Coefficient

S = Hydraulic gradient or Head loss per unit length Slope (%o)

= (hf/L)*1000

R = Hydraulic radius = (A/P)

A = Cross-section area of flow (m?)

P = Wetted perimeter (m)
The Hazen-Williams loss coefficient, C, is non dimensional and has values which
depending on the size, material of pie used, quality of water and age. Typical values
of Hazen Williams’s coefficient C for new pipe and values to be adopted for design

purposes are shown in Table -15.

Table-15 Example of Hazen-Williams Coefficients “C”

Type of Pipe i Recomm;nded values for
New Pipes | Design Purpose Note
GI Pipe 120 100 After 20-year
Cast Iron 130 100 After 20-year
Steel Welded joints 140 110 -
Concrete 140 110 -
Plastic Pipe 140-150 110 -

Source: JWWA Design Criteria for Waterworks Facilities 1978

’niamcl.cr 1800 mm Jypp

/- 1350
N L7 o

o N 100 L,

\\\ €0

500
0| \\ B0

N
< “astei i ]
70 (Cast-iron pipe)
l ¢ :‘\“

1w 20 30 40 50
Years
Coefficient of discharge "C"

Figure-31 Typical Discharge Coefficient of CIP by Years
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Hazen-Williams Formula

Figure-32 Head Loss Graph of Pressured Flow of Distribution Pipe line

@ Practice Exercise-4 (75 mm Distribution pipeline)

@ Calculate a Total Friction Head Loss (m) and Hydraulic Gradient (%o) ?

= v WL
Main Reservoir
Point-A

@ FULL Pipe Flow

1,000m (C=100)

Hydraulic Grade Line S= ? (%o)

VHw

Vv oLwi

Point-B
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Figure-33 Distribution pipe line (75 mm)

Sub Reservoir
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Table-16 Result of Calculation in Exercises -4

Hazen-Williams Formula Ex.4 Use International System of Units (SI Units)
Conditions / Assumptions |
Volume flow rate: Q = 0.004 m’/sec 345.600 (m*/d)
Flow velocity: V = Table-9 = 1.0 (m/sec)
Inside hydraulic diameter: d = 7 (4Q)+(n*V) 0.071 (m) = 0.075
Cross-sectional area of flow; A= Qv = 0.004 (m2)
Total length of a pipeline ; L = = 1,000 (m)
Discharge Coefficient : C= 100
Solution |
A-B Friction Head Losses : hf 10.675*L*Q ~1.852 / C*1.852*d"4.87 = 23.0 (m)
Other Friction Head Losses (10%): ho = 0.1 = 23 (m)
A-B Total Friction Head Losses :Xh = hftho = 253 (m)
Hydraulic Gradient; S = (2 h/L)*1000 = 253 (%o)
Confirmation |
Volume flow: Q = From Figure -32 (Ex.6); d (75 mm) —$ (25.3 %) — Q= 4.0 (sec)
OK 0.004 mY/sec

12.4.3 Case of pump distribution
The total head of the pump is calculated from the lowest hydraulic gradient (meaning the
difference between the lowest water level of the distribution reservoir and the highest water

level of the receiving pond) and the loss head of the pipe.

(1) Formula
10.67 L QI.K.’.
h_,r = —
185 J4.87
H=h;+dH+hf; +f; + f3
‘Where

H ; Total pump head (m)
h ; Actual head (m)
hf; ; Friction head loss of pipeline of pipeline(m)

(The Volume flow rate increases as the speed increases)
> ~f3 ; Friction head loss between 2 ~f3 piping material (m)
dH ; Terminal residual velocity head (m)

Sf'; safety factor = 15 (m) for pump flow

@ Practice Exercise-5 (200 mm Distribution pipeline)
@ Calculate a Total Friction Head Loss of pipe line (m) and Hydraulic Gradient (%o) ?

#16-47
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Float valve
P2 High point 40
v u
v LV
-_v HW.L.14m T
P1
\ 4 LW.L.10 m
| L=1,000m
I
Figure-30 Distribution pipe by Pumping Flow
Table-16 Result of Calculation in Exercises -5
Hazen-Williams Formula Ex.5 Use International System of Units (SI Units)
Item # Conditions / i m3/d [ m3/hr m3/min m3/sec (@sce)
1 Volume flow rate: Q = 4,032| 168.0 2.8 0.0467 46.7
2 Flow velocity: V = Table-9 15 (m/sec) |1.5-3.0
3 Cross-section area of flow A= QV 0.031 (m?)
4 Inside hydraulic diameter: d = v (4Q)+(n*V) = 0.199 0.20 (m)
5 Total length of a pipeline ; L = = 1,000 (m)
6 Discharge Coefficient : C= 100
7 G- forces g = 9.8 [ s’
Solution |
3 Pump Capacity [ 4032 (m'/day) 280 |mmin [ 0.0467 [mssec
9 Quantity of pump (set) 1 sets + 1 set for stand-b;
10 Velosity V = 15 to 3 (misec)
11 Inside hydraulic diameter: d = 146 x (Q/v)(1/2) ;33 :2 }:(]) 22:;
12 P1-P2 Requiered Elevation hl = (P2- Pl)+dH =(40-10)+1.0 30.5 (m)
13 Dischargeing head dH = = 0.5 (m)
13 Friction Head Losses : hf= =10.6756 x " x d4 x QU x L = 19.0 (m)
=f2x(v/2g) = 0.20 (m)
Where | Items Qty fipe f
sluice valves 2 0.10 0.20
reducer 0 0.03 0.00
» 45° elbow 2 018 | 036
14 Other Friction Head Losses ; h2 = - Increase 0 048 0.00
Check valve 1 1.00 1.00
butterfly valve 1 0.20 0.20
90deg 0 0.18 0.00
Tee 0 1.15 0.00
f2total | 1.76
=f3x(v/2g) = 0.58 (m)
‘Where | Items Q'ty f/pc f
15 Other Friction Head Losses; h3 = B Float type butterfly valve 1.0 5.0 50
Bellmouth 2.0 0.0 0.1
f3total | 5.08
16 Total Friction Head Loss; h = fh+F2+f3 = 19.78 (m)
17 Total Head H = % (h1+ hf + £2 + f3) = 50.0 (m)
18 Hydraulic Gradient of pipeline; S = (Zh/L)*1000 | ((h1+h2+h3+dH)/L))*1000 = 19.8 (%)
(0.163xrxQxH/mp)x(1+s) | = 35 - 37
19 Motor Output (KW) = r =specific gravity}ofwater = 1.00 | (g/em3)
np=pump efficienc; 0.75 75% (%)
s = safety factor 0.15 15% (%)
Type Centrifugal Pump
Diameter 200 (mm
20 Specification Capacit 2.8 (m3/min) |
Head 50.0 (m)
Motor Output 37.0 (kw)
Quantity (sets 2.0 (sets) 1for standby
#16-48
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12.3.4 Manning’s formula (Flow in an Open channel Flow)
(1) Formula
The Manning’s formula or Chezy’s formula is the most commonly used equation to
analyze open channel flows, not flowing under pressure and was developed for uniform
steady state flow. It is a semi-empirical equation for simulating water flows in channels
(any shape - circular, rectangular, triangular, culverts) where the water is open to the
atmosphere,

Only Manning equation is expressed as follows.

Q=AxV=(KMnxAx R¥BxS 12 _.......... (20)

NOTE: K is a unit conversion factor: k=1.49 for English units (feet and

seconds). k=1.0 for SI units (meters and seconds).

V=(1/m) X RZ3X S 12, uvvvreeeereeenerannnns @1

Where
(a) Q = Volume flow rate (I/sec)
(b) V = Cross-section mean velocity (m/sec)
(c) A = Cross-section area of flow (m?)
(d) P = Wetted perimeter (m)
(e) R = Hydraulic radius (m) ; R =A/P
(f) n = Manning coefficient of roughness

(g) S = Hydraulic Gradient of pipeline or slope (m/m or %o)

Table- 17Example of Manning coefficient of roughness (Factory products)

Introduction to NRW in distribution reservoirs February, 2019

(1) Formula
R=A/P
Where
A = Cross-section area of flow (m?)

P = Wetted perimeter (m)

Table-18 Example of calculation method of R value

Shapes Calculation forms of R=A/P (m)
(A) A (m?) =7 X (D/2)?
Full pipe flow .L P (m) =7 X(D)
fos R (m) = A/P
-‘ﬂﬂﬁ‘!“;’r{r
(B) Partially
full pipe flow =A

Al (m?) = (7 X(D/2)?) X (¢/360)
A2 (m*)=h2xe1

P (m) = (2X3.14X1) X ( ¢ /360)
R(m) = (A1+A2)/P

A(m?)=Hxb

e | Pam=br @)
! R (m) = A/P

(C) Partially

full rectangular
—shape channel -

b i
ﬂow ||I‘::]

Channel inside Surfaces Very smooth finish Medium finish inside Coarse, old Inner
inside (FRP/PVC) (Steel pipe / cast iron pipe / surface
mortar lining pipe)
n, Manning coefficient 0.010 < 0013 < 0.015~
of roughness

Source: Japan Sewage Works Association 1994
(2) How to calculate “R” depending on the structure of Channel

‘When Manning formula is used, calculation of R value is important.

Here are some examples of calculations.

#16-49

@ Practice Exercise-6 (300 mm, full water Open Distribution pipeline)
D In the case of n (0.013), obtain the Cross-section mean velocity (m / sec) of the full

pipe, the hydraulic gradient (%o), and check the Volume flow rate (m3 / sec).

: W Max

1,000 m

Figure-31 Image diagram of Open channel flow of Manning formula
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Table-19 Result of Calculation in Exercises — 6

Manning's formula in a Open Full Pipe Flow Ex.6

ltem # | Conditions / Assumptions m'd i hr m/min | misec | (ise)
1 Volume Now rate: Q= 4,200 175.0 29 0.049 48.6
2 Cross-section mean velocity : V=127 ? m/see )
3 Inside hydrulic dismeter: D 0,300 (m) x
4 Radius: r 0.150 (m) Dt
5 Total length of a pipeline : L I.JI.N.Hl .(m.}. Lo
6 Friction head loss : hi 0 (m) ¥
7 Manning CoefTicient of Roughness : n 0013 P i

360 degree
3.1416
0.6667
L il ) 0.5
Solution
8 Cross-section arca of flow : A ax(D2y*2 0.071 (m’)
9 Wetted perimeter : P w([) “.“MJ (m})
10 Hydrmulic radius : R P 0.075 (m)
11 Hydraulic Gradient of pipe : § = (hfL) = 1,000 3,00 (%a) |
12 Mean flow velocity in pipe : V = L = R¥ x(s/1000)" 0.749 (m/sec)
Confirmation

13 Volume Mlow rate: Q = AxV m'/sce 0.052 OK> | 0.049
14 | YES: The planned amount of water can be d;.l.lrihu[crl. ) )

#16-51

Introduction to NRW in distribution reservoirs

February, 2019

Table-20 Quick Reference Matrix of Calculation in Exercises - 6

D: (m) 0.200 0.250 0.300 0.350 D: (m) |
A: (m?) 0.031 0.049 0.071 0.096 A: (m2) |
P: (m) 0.628 0.785 0.942 1.100 P:(m) |
R: (m) 0.050 0.063 0.075 0.088 R: (m)
S (%) | V(m/sec) | Q(m’/sec) | V(m/sec) | Q(m*/sec) | V(m/sec) | Q(m’/sec) | V(m/sec) | Q(m’/sec) | S (%o0)
0.02 0.047 | 0.0015 | 0.054 | 0.0027 | 0.061 0.0043 | 0.068 | 0.0065 | 0.02
0.04 0.066 | 0.0021 0.077 | 0.0038 | 0.087 | 0.0061 0.096 | 00092 | 0.04
0.06 0.081 0.0025 | 0.094 | 0.0046 | 0.106 | 0.0075 | 0.117 | 0.0113 0.06
0.08 0.093 | 0.0029 | 0.108 | 0.0053 | 0.122 | 0.0086 | 0.136 | 0.0130 | 0.08
0.10 0.104 | 0.0033 | 0.121 0.0059 | 0.137 | 0.0097 | 0.152 | 0.0146 | 0.10
0.20 0.148 | 0.0046 | 0.171 0.0084 | 0.193 00137 | 0214 | 00206 | 0.0
0.30 0.181 0.0057 | 0210 | 00103 | 0237 | 00167 | 0.263 0.0253 0.30
0.40 0209 | 0.0066 | 0242 | 00119 | 0274 | 00193 | 0303 0.0292 | 0.40
0.50 0233 | 00073 | 0271 00133 | 0306 | 0.0216 | 0339 | 0.0326 | 0.50
0.60 0.256 | 0.0080 | 0.297 | 0.0146 | 0.335 0.0237 | 0371 0.0357 | 0.60
0.70 0276 | 00087 | 0320 | 00157 | 0362 | 0.0256 | 0.401 0.0386 | 0.70
0.80 0295 | 0.0093 | 0343 | 0.0168 | 0387 | 0.0273 | 0429 | 0.0413 0.80
0.90 0313 | 00098 | 0363 | 00178 | 0410 | 0.0290 | 0455 | 0.0438 | 0.90
1.00 0330 | 00104 | 0383 | 0.0188 | 0433 0.0306 | 0.479 | 0.0461 1.00
1.10 0346 | 0.0109 | 0402 | 00197 | 0454 | 0.0321 0.503 0.0484 1.10
1.20 0362 | 00114 | 0420 | 00206 | 0474 | 0.0335 | 0.525 0.0505 1.20
1.30 0376 | 00118 | 0437 | 00214 | 0493 0.0349 | 0547 | 0.0526 1.30
1.40 0.391 0.0123 | 0453 | 00222 | 0512 | 0.0362 | 0.567 | 0.0546 1.40
1.50 0404 | 00127 | 0469 | 0.0230 | 0530 | 0.0374 | 0587 | 0.0565 1.50
1.60 0418 | 0.0131 0485 | 00238 | 0547 | 00387 | 0.606 | 0.0583 1.60
1.70 0430 | 00135 | 0499 | 0.0245 | 0564 | 0.0399 | 0.625 | 0.0601 1.70
1.80 0443 | 00139 | 0514 | 00252 | 0580 | 0.0410 | 0.643 0.0619 1.80
1.90 0455 | 00143 | 0528 | 00259 | 0.596 | 0.0421 0.661 0.0636 1.90
2.00 0467 | 00147 | 0542 | 00266 | 0.612 | 00432 | 0678 | 0.0652 | 2.00
2.10 0478 | 0.0150 | 0.555 | 0.0272 | 0.627 | 0.0443 | 0.695 0.0668 | 2.10
220 0490 | 00154 | 0568 | 00279 | 0.642 | 0.0454 | 0711 0.0684 | 2.0
230 0.501 0.0157 | 0.581 0.0285 | 0.656 | 0.0464 | 0.727 | 0.0699 | 2.30
2.40 0.511 0.0161 0.593 | 0.0291 0.670 | 0.0474 | 0.743 0.0715 | 2.40
2.50 0522 | 00164 | 0.606 | 00297 | 0.684 | 00483 | 0758 | 0.0729 | 250
2.60 0532 | 00167 | 0.618 | 00303 | 0.698 | 0.0493 | 0.773 0.0744 | 2.60
2.70 0542 | 00170 | 0.629 | 0.0309 | 0.711 0.0502 | 0.788 | 0.0758 | 2.70
2.80 0.552 | 0.0174 | 0.641 0.0315 | 0724 | 00512 | 0.802 | 0.0772 | 2.80
2.90 0562 | 00177 | 0652 | 00320 | 0737 | 0.0521 0816 | 00785 | 2.90
3.00 0.572 | 0.0180 | 0.663 | 0.0326 | 0.749 | 0.0530 | 0.830 | 0.0799 | 3.00
3.20 0.591 0.0186 | 0.685 | 0.0336 | 0.774 | 0.0547 | 0.858 | 0.0825 3.20
3.40 0.609 | 0.0191 0.706 | 0.0347 | 0.798 | 0.0564 | 0.884 | 0.0850 | 3.40
3.60 0.626 | 00197 | 0727 | 0.0357 | 0.821 0.0580 | 0910 | 0.0875 3.60
3.80 0.644 | 0.0202 | 0747 | 0.0367 | 0.843 0.0596 | 0.935 0.0899 | 3.80
4.00 0.660 | 0.0207 | 0.766 | 0.0376 | 0.865 0.0612 | 0959 | 00922 | 4.00
4.20 0.677 | 0.0213 | 0785 | 0.0385 | 0.887 | 0.0627 | 0982 | 0.0945 | 4.0
4.50 0.700 | 00220 | 0.813 | 00399 | 0918 | 0.0649 1017 | 0.0978 | 4.50
5.00 0738 | 00232 | 0857 | 00420 | 0967 | 0.0684 1072 | 0.1031 5.00
5.50 0774 | 0.0243 | 0.898 | 0.0441 1.014 | 0.0717 1.124 | 0.1082 5.50
6.00 0.809 | 0.0254 | 0938 | 0.0461 1.060 | 0.0749 1174 | 01130 | 6.00
6.50 0.842 | 0.0264 | 0.977 | 0.0479 1.103 0.0780 1222 | 0.1176 | 6.50
7.00 0.873 | 0.0274 1.013 | 0.0497 1.144 | 0.0809 1268 | 01220 | 7.00
7.50 0.904 | 0.0284 1.049 | 0.0515 1.185 0.0837 1313 0.1263 7.50
8.00 0.934 | 0.0293 1.083 | 0.0532 1224 | 0.0865 1356 | 0.1305 8.00
8.50 0962 | 0.0302 1117 | 0.0548 1.261 0.0891 1398 | 0.1345 8.50
9.00 0.990 | 0.0311 1.149 | 0.0564 1298 | 0.0917 1438 | 0.1384 | 9.00
10.00 | 1.044 | 0.0328 1211 0.0595 1368 | 0.0967 1516 | 0.1459 | 10.00
11.00 | 1.095 | 0.0344 1270 | 0.0624 1.435 0.1014 1590 | 0.1530 | 11.00
1200 | 1144 | 0.0359 1327 | 0.0651 1.498 | 0.1059 1.661 0.1598 | 12.00
13.00 | 1.190 | 0.0374 1.381 0.0678 1560 | 0.1102 1728 | 0.1663 | 13.00
14.00 | 1235 | 0.0388 1433 | 0.0704 1.619 | 0.1144 1794 | 0.1726 | 14.00
15.00 | 1279 | 0.0402 1484 | 0.0728 1.675 0.1184 1.857 | 0.1786 | 15.00
16.00 | 1.320 | 0.0415 1532 | 0.0752 1730 | 0.1223 1918 | 0.1845 | 16.00
17.00 | 1361 0.0428 1.579 | 0.0775 1784 | 0.1261 1977 | 0.1902 | 17.00
18.00 | 1.401 0.0440 1.625 | 0.0798 1.835 0.1297 | 2034 | 0.1957 | 18.00
19.00 | 1439 | 0.0452 1.670 | 0.0820 1.886 | 0.1333 | 2090 | 0.2010 | 19.00
20.00 | 1476 | 0.0464 1713 | 0.0841 1.935 0.1367 | 2.144 | 02063 | 20.00
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Table-21 Quick Reference Matrix of PVC Pipe

PVCPipe n=0.010 ey
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Table-22 Result of Calculation in Exercises — 7

*s formula in a Partially Full Open Pipe Flow Ex.7

Slope 100 {mm) 125 (mm) 150 {mm) 200 {mum)
(%) Vmisee | GHinifsec)| v miser [Qintisec) | Vmisec |Qinifsee)] Vmisee [Qim/sec)
125 3023 00237
120 206 0. (2
L5 2. 5 0. (228
1.0 2,838 00223
10.5
(L] 0. 0212 0, 0385
80 0,019 0,844 01 0560
.0 2 0017 0, iz 00624
6.0 2 00164 0, (e {1 (455
BO 1 0, 0150 0. 0e72 00443 0, 0953
LTI0 0, 0134 00243 0. 00 0, (853
L57 oo 0,024 0. 0365 0, 0786
L4 ooz 0, 0204 0, 0331 0,0713
L209 [N 0, 0185 L0600 0,647
1, 208 0, 0055 00172 0. 280 00, 0600
L# 1179 0, 00 0, 0168 0. 0273 0, 0588
L8 L7 0, 000 0, 0163 0, 066
L7 1115 0, 0088 0, 0154 0. 0258
L.081 0, D085 0, 0154 0. 0250
1,047 0, 0082 0,009 0. {242
Loz 0, 0079 0, 0144 0023
0,975 o, 0077 0,019 00226
0,997 0, 0074 0, 0033 00217 0, 0467
N 0, 597 0, (070 0, 0128 0. 0208 0,047
1o 0, 855 0, 0067 096 0,012 00198 0. 0426
0,9 0.811 0, 0064 01 00115 0. 0188 0, 0405
08 0. 705 0. D060 0. 857 0. 0108 0077 0,681
07 0.716 0, D056 . 530 0. 0o 0, Es7
0.6 0, 662 0, 0052 0,768 0, (06 0, {50
05 0, 605 00, 0048 0. 702 0, (085G 0. 0140 0, 00
04 .67 0, 0077 00125 0, 0270
0.3 0. 0108 0, (233

Searce: Yokobana City W

@ Practice Exercise-7 (300 mm, partially full water Open Distribution pipeline)
@ In the case of n (0.013), obtain the Cross-section mean velocity (m / sec) of the full pipe,

the hydraulic gradient (%o), and check the Volume flow rate (m 3 / sec).
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Item # Conditions /| Assumptions [ = | wier | wiimin | miisee | (B3 |
1 Volume flow mte: Q= 4200 | 1750 | 29 | 0049 | 486 |
2| Cross-section mean velocity: V' ? | misec | .
3| Inside hydraulic dismeter : D = 0.300 | 3.1416
4 Radius: r = 0.150 m) | 0.6667 |
5 Total kength of a pipeline : L = L1000 |  (m) | 05 |
6 ____ Friction head los S o |
7 | Manning Coefficient of Roughness - n = |
Solution
B Cross-section area of Mow : A= Al+A2 1 = | 0.061 | (m’) |
9 Wetted perimeter : P = (2%3.14%1)* (9/360) = | 0.664 | (m)
i BT
{Use the Pythagorean Theorem : H2 +a2 =Y2) hl =
i y 2= . ] L ——
R ACOSH1 = | h 531 [° (Rel. Thale-24) |
[ = 537 | 1
10 Base: 01 = | - h2%=g/* 012 ()
o A i (x:(D2)°2) *(@/360) = [ 0.050 | ()
Cos = a/Y ry 0.050 m”
Tan 8 =1t 0011 | (wh)
0.011 (m®)
10 (m) |
12 | (misec) | <12misecOK |
Confirmati |
13 Mean flow velocity in pipe : Q = | Axv m'isee 0051 | OK=> | 0049
14 T pl e swiound ol w ks cou b chatr buited.
@ Practice Exercise-8 (Partially full rectangular —shape open channel flow)

@ In the case of n (0.013), obtain the Cross-section mean velocity (m / sec) of the
rectangular channel, the hydraulic gradient (%o), and check the Volume flow rate (m? /
sec).

Table-23 Result of Calculation in Exercises — 8
Manning’s formula in a Partially Full Open R lar Channel Flow Ex.8
| ltem# | Conditions / Assumpti md | wihr | mimin | misec | (Ri) |
1 Volume flow rate : Q 4,200 1750 | 29 | 049 | 486 |
2 Cross-section mean velocity: V=22 ? | misec |
3 Side wall height : H= 0.150 (m) |
4 | Bottom length : b= 0200 | (m) |
5 Total length of a pipeline : L 1,000 (m) |
6 | Friction head loss : hf = 3.0 m
ki Manning coeflicient of roughness : n = 0.015 |
- S i
8 Cross-section anea of flow : A= H*b = 0030 | (mY)
Wetted perimeter : P b+ (2% H) 0.060 (m)
d s : R = AP 0.500 | (m)
(hi/L) = 1,000 = 3.00 (%e)
UnxR¥ (810007 | = | 23 | (misec)
Confirmation |
13 Mean flow veloeity in pipe : Q= | AxV | = | 0069 [OK>| 0049 |
14 YES: The planned amount of water can be distnbuted.
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Table-24 Quick Reference Matrix of Trigonometric Functions
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1. Objectives (Out-put)

Understand the necessity of Work Ethics

Understand what is COMPLIANCE?

Understand what is GOVERNANCE?

Understanding the item of ethics of engineers

Understanding ethics items of Water company

©@e 600

Understanding the cause of ethics violations

2. Introductions

(1) Necessity of Work Ethics as Compliances
In order to realize a water company trusted by customers, it is to share / implement work

Ethics/ Compliance values with all officials.

(2) Backgrounds
To continuously develop the water supply business and improve the water supply service,
"Compliance with Work Ethics" and "maintenance of the management system" are
indispensable to prevent the occurrence of scandals / corruption of water enterprises due to

lack of Compliance.

In particular, there are many losses due to the loss of collection of water fees due to the
violation of social norms / ethical norms by some staff, and the misconduct by "social
listening" that "honest ones are lost".

As a result, it is in violation of the principle of fair burden of water fee (water rate regulation),

which impedes sound independent profitability of water enterprises.

In order to solve these problems, it is important for all the staff to acquire basic knowledge of

ethics, and reconsider the awareness of "monitoring and prevention of illegal acts".

@Unconscious habit @Excuses

4 WORK ETHICS
@ COMPLAIANCE

# Awareness Campaigns

@Unconscious motive of misconduct
# STOP(Criminals) @Willful misconduct

s I}

@Violators

sTOP

@Transgressor

@Criminals

Figure-1 Image Figure of the Dissemination Effect of Compliance/Ethics
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1l Rights centre 2016

3. Key words definition

What is Compliance activity ? Staff are to understand the laws and regulations correctly,

actively and act voluntarily, sincerely while self-training.

What is Governance activity ? It is an organization for Implementation / management to

maintain / promote / improve compliance.

What is the Work Ethics of Staff ? | Employees comply with ethics based on labor contracts /
norms, maintain daily life with public interest, fairness,
neutrality all the time, and refrain from acts of distrust and

suspicion from customers.

What is Corporate Ethics? The water company is to comply with corporate philosophy /

corporate ethics, adapted to social demands.

4. What is the difference between Governance and Compliance?
The roles for continuously and effectively implementing compliance activities are shown below.
4-1 What is Governance?
The organization that implement specific and effective measures for compliance activities.
4-2 What is Compliance?
Understand the laws / norms established by Kenya, all staffs must demonstrate leadership

with their strong wills and all employees have to implement the compliances.

4-3 Composition of compliances
The main configuration items are shown below.
(1) Rule of law
Regulations established by the administration, including laws, ordinances, legally
binding rules.
(2) Social norms

This is, for example, habit / rule rules established by society / region / village, etc.

#17-5
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(3) Corporate norms
This is a company manual, office regulations, social responsibility / motto, etc, as
determined by WSP.
(4) Ethical standards
This is corporate ethics that staff must comply with during social occupation and private

life, and social ethics to be held as a person.

@ What is the awareness of compliance that expected staff should be aware of ?
It is a person capable of observing the laws and ordinances of Kenya country, and being able
to carry out duties according to the rules and regulations established by WSP, common sense

and value that should be taken as a person in nature.

@ What is the figure of a company to be?
To implement WSP's Corporate Social Responsibility (CSR), it is to implement corporate

regulations, organize risks systematically and implement risk management to avoid losses.

5. Establishment of Corporate Ethics / Legal Compliance Committee
The committee's activities are basically based on improvement in the PDCA cycle.

(1) Role of Corporate Ethics Officer
Make use of leadership by themselves, conduct investigations on causes of scandals /
inappropriate conducts and implement concrete guidance to prevent recurrence.

(2) Role of person in charge of promotion
Guidance on day-to-day activities of officials based on the rules, and work on
constructing human relations / workplace climate that is easy to consult.

(3) Role of the Third Organization

This institution promptly prepares a report on investigation / evaluation / measures of

violation, and is responsible for accountability to the committee.

Action Plan in Educational
Corporate ethics & activity (DO)
Legal Ci i 3

(PLAN) committee

Monitoring/ Challenges
(CHECK)

ResolutionReview

(ACTION)

Figure-1 PDCA cycle

6. Activities to comply with compliance
6-1 Example of compliance violation

(1) Fraud / Inappropriate Accounting / Embezzlement of Public Payment,

#17-6
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(2) Personal data leakage,

(3) Tampering with public documents,

(4) leakage of Business information / bid information etc,

(5) lack of attention in working hours / duty negligence,

(6) Violation of gift-giving acts of money / money between staff and businesses / hand and glove
act,

(7) Tllegal connection by staff / awards of money, intentional water meter record mistake /
negligence,

(8) Destruction / remodeling of intentional water meters,

(9) Intentional bypass connection of water pipe / water supply pipe,

(10) Illegal overtime / labor accident / long-term labor,

(11) Employees go to gambling during working hours

(12) Arrest of staff in act of sexual molester

(13) Staff Bicycle Theft

(14) Employee suicide by bullying (power harassment) and others.

6-2 Cause of occurrence

The causes of compliance violation are as follows.

(1) Deterioration of Organizational structure to monitor violating behavior due to loss of
intention.

(2) Declining consciousness of staff toward compliance,

(3) "Honest men see fool" Lack of social morals,

(4) Mental illness

(5) Commercialization

(6) Poverty

(7) Antisocial activities, etc.

6.3 Expectations and illusions by strengthening governance

When maintaining compliance by strengthening governance, it is necessary to pay attention to

the following issues.

4 Compliance violations will not disappear by merely preparing legislation or ethics rules.

Continued review by PDCA cycle is indispensable. (Refer to Figure-1)

D Promotion of reform may be stagnant by too much awareness of compliance and
governance.

@ By enriching the management system, there may be cases in which an environment
where compliance violation can’t be found is created in some cases.

@ There is a case that fraudulent activity will not stay in eyes by thinking that

#17-7
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"management system is thorough".

6-4 Effects of Implementation of Compliance and Governance

@® The management structure of WSP will be evaluated from customers.

@ The working environment / human relations of staff will be improved.

@ Healthy independent profitability of WSP will be improved.

@ The principle of fair share of water charges (water rate rule) will be improved.
(® Management of compliance violations across the organization will be improved.

® Water supply management will be presented publicly.

6-5 Examples of compliance promotion activities

(1) Consultation window / installation of grievance box
However, the committee must observe maintenance of confidential information, and the
secrecy of personal information so that the search for a criminal of the whistle-blower of

harassment by an outsider does not happen.

CORRUPTION

INFORMATION
BoX

(2) Implementation of training / educational activities
Classroom
Enlightenment/training program is examined taking a participant's understanding into
consideration.
(For Example, Lecture/ group study / review of past cases/ comments surveys will be

conducted regularly)

oJT
In OJT, a trainee creates a simulation code of conduct, creates the guideline of
violation punishment, and experiences in a short play.
(For theme of group consultation example, Harassment, Awarding illegal money by
illegal connection by staff, Intentional water meter record mistake / negligence
Intentional illegal bypass construction, and Illegal overtime / labor accident /

long-term labor, etc.)

#17-8
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7. Introduction of Engineering Ethics composition
7-1 Posture
(1) NRW reduction technicians fully recognize that effective use of water resources,
inexpensive and stable supply of water supply services will have a serious impact on
social life,
Contribute to the realization of water supply service that satisfies customers who can

sustain performance.

(2) In order to fulfill its mission, engineers should strive to improve the quality as a Technician,
encourage innovation of technology, observe this Code of Ethics from a wide range

perspective, act fairly and sincerely is expected.

7-2 Structure of Important Ethical Items (Basic proposal)
(1) Priority of public interest;

Technicians consider public safety, health and well-being as a top priority.

(2) Ensuring sustainability;
(D Engineers strive to ensure the sustainability of society of the future generations, such as
conservation of the global environment.
@ The engineer strives to minimize the impact on the environment that can be predicted in the

work as much as possible.

(3) Engaged in work that demonstrates his / her own competence;

Engineers do not engage in uncertain field work.

(4) Securing the truth

Technicians make reports, explanations or presentations using objective and factual information.

(5) Fair and sincere implementation
Based on fair analysis and judgment, engineers will faithfully implement the committed

business.
(6) Maintaining secrets

The technician does not disclose or divert the secret that he / she knew in business to others

without any just cause.

#17-9
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(7) Maintaining credit
Engineers keep quality, do not act like losing credibility, such as deceptive acts, giving and

receiving unfair remuneration.

(8) Mutual cooperation
Engineers will trust each other and strive to cooperate with respect to the position of the

opponent.

(9) Compliance with laws and regulations
Technicians observe the laws and regulations of the area subject to work and respect the cultural

value.

(10) Continued self-study
Engineers constantly enhance knowledge of expertise, related knowledge, and strive to develop

human resources.

8. Suggestions
8.1 Creation own Work Ethics
Awareness-raising activities for nurturing sound engineers by good governance are national
projects.
However, KEWI / WSPs has a great responsibility as an executing agency for educational activities of

human resources with a sense of Governance/Work Ethics concerning water supply.
Particularly for the work Ethics of the WSP expected to be highly focused by customers, it is hoped
that the establishment of a system that can set up its own ethics regulations and carry out review work

continuously according to the environments of each WSP as soon as possible.

8.2 Typical Summery

Below is an outline of labor ethics of general engineers. (Refer to Table-2 )
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Table-2 Typical Comparison of the Various Contents of Norms

Work Ethics / Compliance
9. REFERENCE

Classifications 7-Basic Principle Items Articles/ Simple description IEA’s ethical norms | WSP’s
(Vs. Staff) Norm of morality (International ethical
principles Eng. Alliance) norms
L I-1. Public Priority of - Prioritize public safety and -Public interest
"Engr" Vs. priority public profits health benefits,
"Public" I-2. Secure - Minimize the predictable -Environmental
Sustainability | sustainability environmental impact, impact
- Continue to secure the
sustainability of society,
I 1I1-3. Serious - Study before starting work. ‘Qualification fraud
"Engr" Vs. " Competent consideration on | -Accurately display ‘Range of ability
customer" competence qualification / performance (do
not apply false)
- Working with other experts
11-4. Securing the - For presentation uses -Listen to expert
Truth truth objective / factual information opinion
1I-5. Fair and sincere | - Analysis / judgment based on | ‘Responsible in
Sincere fulfillment neutral fair scope of work
- Responsible on ‘Fairness Analysis
responsiveness in scope-work
Confidentiality - Keeping a secret -Confidentiality
- Prohibition of diversion of
information,
11-6 Maintaining * Maintain quality ‘Qualification fraud
Honest trustworthiness - Prohibition of acts of losing ‘Legitimate reward
trust / acceptance of unjust
remuneration
1. I1-7. Mutual - Mutual trust ‘Rights of those
"Engr" Vs. Professional | cooperation - Respecting the position of the | working together
"Engr" opponent
Comply laws - Respect local laws / cultural ‘Respect for human

and regulations

values

rights laws

Continuing

training

- Self-improvement

- Human resource development

‘Maintain

competence
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9-1 Introduction of compliance Activity as a waterworks by Yokosuka City Waterworks
and Sewerage Bureau in Japan * Source: Download from Internet

9.1.1 Management objectives
Always usable with confidence can’t stop Water supply / Sewer System,
9.1.2 Basic policy
Basic policy to realize water and sewerage department trusted by customers.
@ Clarification of policy,
@ Initiatives to raise awareness,
@ Creating a mechanism for information gathering, sharing and transmission,
@ Improvement / review of laws and ordinances according to social demands,

(® Response when legal violation occurs,

9.1.3 Building a Promotion System
(D Establishment of compliance consultation counter,
@ Establishment of the Organizational Management Committee for Water and Sewerage
Bureau,
@ Risk compliance manager, establishing promoters,

@ Establishment of risk and compliance promotion,

9.1.4 Evaluation System
(1) External evaluation
Evaluation and guidance on compliance is carried out by experts.
(2) Situation survey

This survey investigates compliance efforts by compliance officer.

9.1.5 The Main Action Agendas to Comply with (as Stuff)
(1) Review of laws and regulations,
(2) Law to protect as staff (service),

(D Section 30 of Local Public Service Law: Basis Standard;

All officials work as public servants for public interests and must devote themselves to

full efforts in carrying out their duties.

@ Local Public Service Law Article 31: Oath of Service;

Employees shall take the oath of service in accordance with the ordinance.

(®_Regional Public Service Law Article 32: Obligation to comply with laws / regulations
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and superiors' duties in their duties; (@ What is the prohibited act with stakeholders?
In carrying out its duties, staff members must abide by laws, ordinances, regulations Below are stakeholders.
prescribed by the agencies of local governments and faithfully obey the superior's duties. a) Participants who operate under the permission and approval from the city.

b) Participants who engage in projects receiving subsidies from the city.

@ Regional Public Service Law Article 33: Prohibition of Credit Crashing Act; ¢) Parties concerned who have concluded contracts with the city, such as goods,
Staff should not act to hurt the credibility of the job or to become disgraceful of the construction etc., or persons who have the possibility of entering into a contract
whole job. Between the above stakeholders and staff members, certain actions such as receiving

money and gifts of goods are prohibited and restricted.

® Section 34 of Local Public Service Law: Obligation to protect secrets

The officials should not disclose the secret they knew in terms of duties. 4@ By observing the ethical ordinance, staff will not only gain the trust of customers

Even after I retire from that position, I shall do the same. from public service, but also the employees themselves will be protected from

illegal acts and will be able to concentrate on their duties with confidence.

(®_Section 35 of Local Public Service Law: Obligation to concentrate on duties
An official shall use all of his working hours and attentiveness in his / her duties for the =END=

performance of his / her duties, excluding cases where there are special provisions in

laws or ordinances, and in the duties that the local public entity should have.

(@ Section 37 of Local Public Service Law: Prohibition of Dispute Action;

Staff members shall not engage in acts of stubbornness, such as overtime, or acts of

laziness to lower the activity efficiency of institutions of local public entities.

Regional Public Service Law Article 38: Restrictions on work by commercial enterprises

and others;

An employee who is not authorized by the appointing persons may concurrently serve as
an officer of a commercial enterprise, or may not engage in any business by running a

profit enterprise himself or obtaining compensation.

9.1.6 Protect civil servant ethics
@ Civil servant ethics
The starting point of civil servant ethics is the idea that "all civil servants are the whole

ministrant, not some ministers".

‘We need to work to maintain public interest, equity, neutrality all the time.

While we do business, we need to be involved with various stakeholders, but in the
relationship with these stakeholders as well as not doing disadvantageous handling for
specific people and organizations, We must refrain from disbelief and suspicion from

customers.
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Objectives (Out-put)

1) WASREB's non-revenue water reduction awareness activities,
2) Contents of guidelines issued by WASREB

3) Contents of the IMPCT report issued by WSAREB

Outline

At the time of 2007, the Government of Kenya formulated the "National Water Supply Service
Strategy 2007-2015" to reduce economic losses due to non-revenue water and to promote
effective water resource activities.

And the target to reduce the NRW rate to 60% from 30% by 2015 was set.

The Kenyan government asked Japan for technical assistance to achieve the target. In response
to the request of Kenya, the Japanese government implemented technical support for "The

Project for Management of Non-Revenue Water in KENYA" from 2010 to 2014.

WASREB, the executing agency of the request, created the August 2014. "NRW Water
Standards" as a result of this project "to promote NRW reduction promotion activities to WSPs
in a wide area".

This NRW water standards consists of 4 volumes and was distributed to each WSP in 2014.

However, the current situation is that this outcome has not been effectively utilized due to
insufficient budget of WSP / lack of human resources to activate NRW / insufficient
enlightenment activity / inadequate basic information necessary for NRW reduction

formulation.

| 4@ WASREB has expected WSPs more to utilize NRW water standards.

On the other hand, WASREB has published the annual report "Impact report" in order to grasp
the NRW reduction effect which each WSP is carrying out.
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Discussions:

1. Do you know of the existence of NRW management standards published by WASREB in

2014?
Does your WSP use these standards?

R Y

. Others?

Which of the four standards do you find relevant in your day to day work?

Are you aware of the current WASREB Impact report?

Are you aware of your WSPs NRW rating in the current WASREB impact report?

Do you think your WSPs NRW rating in the current WASREB impact report to be realistic?

Introduction of NRW Standards 2014/ Impact Report (WASREB) March, 2109

3 Introduction of guidelines

This Handbook is to be a simplified
NRW reduction manual with many

illustrations and photos.

Target:

All staff contributing to NRW
Management in the WSPs and
specifically, the field technicians for use
in their daily activities.

Table of Contents

1. What is NRW?

2. Understanding the Water Flow
3. Mapping

4. Reduction of Physical Loss

5. Quantifying physical Losses
6.Construction Method
7.Reduction of Commercial Losses

8.Water Pressure Management

This Guideline is for use by WSB in
Assessing and evaluating and guiding the
NRW reduction activities implemented by
WSPs.

Table of Contents

Part-1

Technical Part

Chapter -1 Self-Assessment
Chapter-2 Basic Information

Chapter-3 Performance Indicators

Part-11

Case Study of Performance Indicators
Chapter-1 EWASCO Case Study
Chapter-2 MEWAA Case Study
Chapter-3 NARWASSCO Case Study
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m This Manual is for use by WSPs to introduce
Basic concept of NRW Reduction

Management.

Table of Contents

Chapter-1: Basic Concept of NRW Management

Chapter-2: Fundamental Measures in NRW
Management

Chapter-3: Deduction of Physical Losses

Chapter-4: Reduction of Commercial Losses

Chapter-5: Activities in Pilot Area

Chapter-6: Customer Meters

Chapter-7: Leakage Prevention in Construction

Work

Chapter-8: Concept of Zoning

Chapter-9: Water Pressure Management
Chapter-10: Information Management System: GIS
Chapter-11: Cost-benefit Analysis

Chapter-12: NRW Reduction Plan
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The Case Studies are to introduce actual activities

of NRW management projects in Meru, Embu and
Narok WSPs.

The case studies show that it is possible to identify a
pilot area or most of the intervention can be

applied and impact monitored.

Table of Contents

Part-1 (MEWASS)

Contents

Location of MEWASS

1.Water Balance Flowchart

2. Basic Information
3.Transition of NRW Ratio of MEWASS
4. Commercial Loss

5. Physical Loss Reduction
Part-2 (EWASCO)

Contents

Location of EWASCO

1.Water Balance Flowchart
2.Activity for Reduction of NRW on Pilot
Project

3.Output of Pilot Project

Part-3 (NARWASSCO)
Contents

1.Location of NARWASSCO
2.Outline

3. Preparation of Pilot Project
4.Reduction of Physical Loss
5.Reduction of Commercial Loss

Output of Pilot Project
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4 Introduction of IMPACT Reports
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1 MODULE 1: PIPE LAYING & JOINTING

1 COMMON PIPES USED IN WATER SUPPLY
The common pipes used in pressurized water supply are plastic and metal  pipes.

1 In most water supply systems the pipe materials used are galvanized Iron pipes (G.I) and
poly-Vinyl-Chloride pipes (P.V.C) pipes. Also polyethylene pipes (P.E) are gaining
popularity day by day

1) GALVANIZED IRON PIPES (G.I)
Galvanized Iron pipes are made from mild carbon steel as either welded  or seamless
pipes.

Both categories of pipes are normally manufactured in approximately 6.0m or 20feet

. lengths

Unprotected /un-galvanized steel pipes(also called black pipes) rusts almost
. immediately upon exposure to the atmosphere and moisture.
il pipes used in water supply have a protective coating of zinc.

In this process steel pipes are cleaned and then dipped into a hot bath of molten zinc
Galvanized Iron pipes are supplied in three classes

CLASS A - Light grade pipe-colour code yellow
CLASS B - Medium grade pipe-colour code blue
CLASS C - Heavy grade pipe-colour code red

Advantage of G.I pipes
Pipes are strong and durable
They may be used in rocky areas or where the pipeline is exposed
They are protected from corrosion on both inside and outside with a layer of zinc

coating
. They may be used when pipeline is passing or crossing under a road or stream

Disadvantage of G.I pipes
Generally expensive.
Corrode easily in salty/acidic condition.
High friction losses.
They are heavy, difficult to handle and transport.
They are not flexible, hence difficult to cut, join and install.

2) POLY-VINYL-CHLORIDE (PVC)

Properties of PVC pipe
. Pipes are made of synthetic organic chemicals. The basic raw materials  used being oil,
natural gas and coal.
. The raw materials are made into resins that are generally classified as thermosetting and
thermoplastic materials.
Thermoplastic can be reformed repeated by application of heat.
The pipes are normally manufactured in approximately 6.0m or 20 feet lengths.
They are manufactured in two jointing forms
- Flat sockets
- Rubber-ring joint

PVC Classes, Colour code and Wall thickness

Class B Class C Class D Class E
Code = red Code = blue Code = green Code = brown
Press = 60m Press =90m Press = 120m Press = 150m

The thickness of the pipe determines its class and the pressure it can bear. Thick classes
(D&E) have thick walls and can bear greater pressures than classes (B&C) but have smaller
bore



KENYA STANDARD
SPECIFICATION FOR uPVC PIPES FOR COLD-WATER SERVICES

SCOPE AND FIELD OF APPLICATION

This part of this Kenya standard specifies nominal outside diameters calculated wall thickness and nominal pressure of
circular section un-plasticized polyvinyl chloride (uPVC) pipes used for water services
It is intended to serve as a guide to manufacturers and users and as a basic for KS 06-149; part 1

OUTSIDE DIAMETER AND WALL THICKNESS

Pipes shall have outside diameters within one of the given ranges of outside diameter and calculated wall thickness given in

table below.

DIMENSION OF UPVC WATER PRESSURE PIPES — METRIC SERIES

[Nominal | Outside diameter Wall thickness mm
out side|diameter | mm
mm Red Blue Green Brown
Class B Class C Class D Class E
P=0.60 Mpa P=0.90 Mpa P=1.2 Mpa P=1.5 Mpa
Gbars 9 bars 12 bars 15 bars
|V Max. M. Max. M. Max. Min. Max. | M. Max. |
U 20.0 20.3 - - - - 1.40 1.80 1.40 1.80
25 250 253 - - - - 1.40 1.80 1.60 2.00
32 32.0 320 - - 1.40 1.80 1.70 2.10 2.10 2.60
40 40.0 40.3 - - 1.60 2.00 2.10 2.60 2.60 3.10
50 50.0 50.3 1.40 1.80 2.00 2.40 2.60 3.10 3.20 3.80
63 63.0 63.3 1.70 2.10 2.50 3.00 3.30 3.90 4.10 4.80
75 75.0 753 2.00 2.40 3.00 3.50 3.90 4.50 4.80 5.50
90 90.0 90.3 2.40 2.90 3.60 4.20 4.70 5.40 5.80 6.60
110 110.0 110.4 3.00 3.50 4.40 5.10 5.80 6.40 7.10 8.00
125 125.0 125.4 3.40 4.00 5.00 5.70 6.50 7.40 8.00 9.00
140 140.0 140.4 3.80 4.40 5.50 6.30 7.30 8.30 9.00 10.30
160 160.0 160.5 4.30 5.00 6.30 7.20 8.30 9.40 10.30 11.60
200 200.0 200.6 4.80 5.50 7.10 8.00 9.40 10.60 11.60 13.00
225 225.0 225.7 5.40 6.20 8.00 9.00 10.50 11.80 13.00 14.50
250 250.0 250.8 6.00 6.80 8.90 10.00 11.70 13.10 14.40 16.00
280 280.0 280.9 6.70 7.60 9.90 11.10 13.10 14.70 16.20 18.10
315 315.0 316.0 7.60 8.60 11.20 12.60 14.70 16.40 18.20 20.20
355 355.0 356.1 8.50 9.60 12.60 14.10 16.60 18.50 20.50 22.80
400 400.0 401.2 9.60 10.80 14.20 15.90 18.70 20.80 23.10 25.70
450 450.0 451.4 10.80 12.10 16.00 17.80 21.00 23.30 26.00 28.80
500 500.0 501.7 12.00 13.40 17.70 19.70 23.40 26.00 28.90 32.00
560 560.0 561.9 13.40 15.00 19.90 22.10 26.20 29.00 32.30 35.80
630 630.0 632.0 15.10 16.90 2230 24.80 29.40 32.60 36.40 40.30

NOTE: Design stress (o) values are used as follows:
i. c =11 Mpa for d = 160mm
ii. 6 =12.3 Mpa for d = 200mm
Where d = minimum outside diameter

Advantages of PVC Pipes
The pipes are lighter and easier to transport
They are corrosion resistant
They have low thermal conductivity
They have low hydraulic resistance
Good electric insulator
Cheap in price compared to G.I pipes
Easy to work with
Are flexible
Connecting sockets easily made in the field

Disadvantages of PVC Pipes
They are brittle and cracks easily when exposed to sunlight
They can be damaged by vibration and heavy weight of vehicles
They are not rigid enough to be suspended across a stream/valley

Handling of PVC Pipes
Although these pipes are lighter and easy to work with, caution must be taken during
transportation and storage

During Transportation
Overhang of pipes should not be more than 0.6m
Piling up should not exceed 1.5m high
To avoid sagging support should be provided at an interval of not more than 1.2m spacing
During loading and offloading care should be taken to avoid scratching of pipes
Smaller pipes should be placed inside the bigger pipes
Cover the pipes with sunlight excluding material

During storage
Pipes must not be exposed (directly) to sunlight
Pipes should be stored in stacks which should not exceed 1.5m high piling
Ground on which the pipes will be stored should be flat and free from sharp objects and
stones
Pipes should be laid in a way that the sockets and the spigots alternate

3) POLYETHYLENE (PE) PIPES

These pipes are manufactured in three categories: -
Heavy density PEH- for high pressures

Medium density PEM- for medium pressures

Low density PEL- for low pressures

They are usually supplied in lengths of 100m

PE pipes are becoming popular day by day.

Advantages of PE pipes
The similar advantages as uPVC pipes
Smaller diameters are supplied in lengths of 100m, hence fewer joints
They may be jointed through welding
The are less expensive than uPVC
The are of less weight than uPVC
More flexible than uPVC
Not affected by sunlight as uPVC

Disadvantages of PE Pipes
They can be damaged by vibration and heavy weight of vehicles
They are not rigid enough to be suspended across a stream/valley
The PE fittings are less available and are relatively expensive than ~ uPVC fittings
Expand more than uPVC when subjected to high temperature



4) POLYPROPYLENE (PPR) PIPES

Presently PP-R pipes & fittings are most reliable in plumbing
and water supply plants, due to their chemical features and fusion
welding, which ensures the plumbing to have a perfect seal tight
system.

Approved by the Health Organization, Eco-Friendly Quality,
Temperature Resistance Quality etc, puts PP-R pipes & fittings as
the best selection.

Pipe & Fitting Networks for:

[l Cold & Hot installations, i.e. in Residences, Complexes, Apartments, Offices,
Hospitals, Hotels, Schools etc.

B Industrial, i.e. transportation of corrosive fluids (like acids) and liquid foods etc.

B Agriculture and Horticulture.

B Compressed air plants.

B Swimming pools

B Rain Water harvesting and utilization systems.

The Salient Features:

Extremely long life, 50 yr, service life
Leak proof & Frost proof.
Non-delayed & non-deforming
Temperature resistance (800 C )

Heat preservation and energy saving.
No calcification.

Unique and un-rivaled jointing technique with lifetime security.
Low lying time & cost.

Convenient & reliable installation.
Good chemical resistance

No reaction with salts & acids.

Taste & odour-neutral.
Eco-friendly-recyclable.

5) JOINTING OF PIPES

Jointing of pipes may be effected by pipe fittings or pipes may be moulded with spigot and

socket ends to facilitate the jointing

G.I pipes have a big variety of fittings, used variably in;
Jointing of pipes and valves
Changing of direction
Adapting of different pipes materials

[ Connecting to tanks, etc

A variety of uPVC & PE fittings are also available nowadays. Some uPVC pipe fittings
(eg sockets of small diameter pipes) are easily made in the field while PE pipes may be
jointed by welding

6) PLANNING FOR PIPE-LAYING

(i) Feasibility study:
Determine the pipe route as per demand requirements; usually pipeline will follow
streets, farm boundaries, public paths, etc. Where possible the pipeline should be
aligned to follow the shortest route

(ii) Survey work
Determines the pipeline length, the actual layout of the route plan and the levels
along the pipeline. From survey work, working drawings are made and design &
specifications of the water supply components established; that is, types, sizes &
classes of pipes, appurtenances & pipe fittings, trench width & depth are known

Surveying and trench alignment



TRENCHING, PIPE LAYING & BACKFILLING

(i) Trenching

From working drawings and specifications, pipe route may be set on the  ground by placing
pegs along the pipe route at some intervals.

Trenching then commences. Trenching ensure that the pipeline is buried & covered by
granular earth material. Covering of pipes, particularly plastic pipes are necessary to protect
them from sunlight & possible mechanical damages as well as avoiding obstructions on the
surface.

(ii) Width of trench
The width of the trench generally depends on:
Diameter of pipes
Soil type and conditions
Allowance for working space
Cost consideration
The recommended economical width of trench at pipe level is at least 600mm (2feet)
The trench has to be wider at bend than along a straight line, to allow the pipe jointing at the
bend

(iii) Depth of trench

The recommended depth for pressure pipelines in different situations are:
Though bush - 1000mm (min 600mm)
Along roads - 1000mm
Underneath roads - 1500mm

Put warning signs when trenching along road

(iv) Pipe laying

The pipe should be laid on firm ground or foundation in order to prevent  uneven settlement,
which may damage pipe joints. In rocky soils, rocks and stones should be cleared away from
the bottom of the trenches for 150mm beyond pipes and should be replaced by plain earth,
sand, fine gravel or concrete.

Just before lowering pipes into the trench the pipes should be inspected for any damages or
other discontinuities of external protection of all pipes.

When laying pipes, assurance should be made that an individual pipe is supported over its
entire length

Correct the pipe is
supported over its
entire length

wrong -the pipe is supported
on two or few points only.
Statically it acts like a beam.
When backfilled the whole
weight of the cover rests on the
pipe, which may cause it to
fracture in due course

(v) Backfilling

Backfilling onto pipe requires as much care as preparing the trench. The material must be
soft and must not contain lumps f rock or large stones. Once the pipe has been covered
with 200mm of suitable material bulk filling of the remaining trench can be permitted
Couplings or socket are normally left exposed until the line has been tested. After testing, the
initial backfilling around the couplings should proceed until each coupling has been covered
by at least 300mm of well selected material

Place soil p to 4

external diameter

Tamp soil under pipes
and between pipeline
and trench wall at both

sides
3. Backfill by hand until
200mm over pipe. Tamp

each 100mm layer




4. backfilling of the

remaining trench

(vi) Marker posts
Markers posts are structures erected along the pipeline to indicate the location of
the pipeline or/and pipe appurtenances. The are made of reinforced pre-cast
concrete slab, 100x100x50mm and about 1000mm above ground level. Common
markers posts are:
MAIJI = indicate water pipeline

N\Y% = indicate the location of sectional valve
FH = indicate the location of fire hydrant
AV = indicate the location of air valve

WO = indicate the location of washout
Markers posts are very important to O&M team, they improve on efficiency and reduce time
spent executing an O&M operation

A

Markers post along a water pipeline Markers post indicating the location of
air valve on pipeline

(vii) Thrust blocks and anchoring

Thrust blocks are usually concrete structures used secure pipeline firmly on the ground.

They are applicable at; bends, tees, valves, tapers and at  branch take-off.
The size of the thrust block has to be decided on according to the external forces occurring
during testing of the pipeline (at about 1.5x working  pressure

Concrete anchor block

(viii) Pressure test of the pipeline

It is very important to test the pipeline before the trench is backfilled to discover in time

leaks and damages on the pipes (e. g. cracks ). After laying  the pipes, the initial backfilling
should be done as soon as possible
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Initial backfilling for pressure testing

The initial backfilling prevents a movement of the pipe during the testing and protects the
pipe from falling stones, trees etc.

Before the test can started, all changes of direction and slopes must be secured by thrust

blocks & anchors.

Where lines cannot be tested under pressure in a single operation, they shall be tested in
sections.
The test should be 20% to 50% of the working pressure of the pipeline

+ Endcap
/ Pressure gauge
Pipeline
Testing by pump Test apparatus
(ix) Disinfection of pipeline (hand pump)
Disinfection of pipeline after installation (and a major repair work) is necessary to ensure
germs free water supply. Disinfection may be facilitated by flashing with a concentrated
(10%) solution of a hypochlorite compound, followed by flashing to waste with water.
7) JOINTING OF PIPES
(i) Jointing GI pipes:

GI pipes are usually jointed through threaded spigot ends. Otherwise, jointing may
also be made by coupling on plain spigot ends.

(a) THREADING
Pipes are supplied with their both ends threaded. However, where cutting of pipe is
necessary, the pipe must be threaded to facilitate jointing.
Threading procedure is as follows: 4
. Cut the pipe using hacksaw or wheel pipe cutter; the pipe  must be held
firmly when cutting
. File off the outside burrs and use a tapered pipe reamer to remove the
insider burrs
Taper the pipe end
Thread the pipe ends using die stock



Adjustable diestock

(b) GI FITTINGS

A variety of GI fittings exist,
= Bends and elbows
Used when changing direction either 90°, 45° or 22'/2". You can of course bend the pipe
if you have tools to do so, but the most common approach is to use fittings. Fittings are
normally available in sizes up to 100mm (4in), and on special order up to 150mm.

Bends & elbows of various angles

Tees

Tees, crosses & Y's

Relucers

Sockets/ flanges



Plugs and caps

(c) PIPE JOINTING & JOINTING MATERIALS
To facilitate a water tight joints, the following materials are used on threaded joints
= Hemp — fibrous materials rubbed on the treaded spigot end
= Bosswhite — semi-solid material used together with hemp
= Thread tape — used in place of hemp on small diameter pipes

When winding hemp
around the threads,
the hemp must be
frayed open and
wrapped around
direction of the
threads until the
thread is fully with
hemp.

Note: Wind the
hemp, string or other
sealing material in
the same direction as
male threads.

If using sealing tape,
unroll a sufficient length
of the tape and wrap it
around

the male thread and in
the same direction as
male threads.
Note: When sealing tape
is used don’t apply
jointing compound to the
joints.

Apply the joint sealing
compound to the male
thread after the hemp is
wound on.

Note:

Use only approved
sealing or jointing
compounds.

The sealing or jointing
compounds must also  be
applied in the same

direction as  the male
thread

(ii) Jointing uPVC pipes

uPVC pipes have spigot and socket ends to facilitate jointing. Small diameter pipes (up to
60mm), have plain socket end, and are jointed by use of solvent cement, while bigger sizes
have rubbered socket ends.

Where uPVC pipe pieces are used, jointing may be facilitated use of pipe sockets, which, for
small diameter pipes may be made on site.



(a) uPVC FITTINGS
A variety of uPVC fittings do exist. They are made from heavy classes  (classes D&E) and
are generally expensive. Some uPVC fittings in the market are;

= Bends

= Rubbered sockets
= Threaded & flanged adaptors
= Caps

(b) JOINTING MATERIALS
To facilitate a water tight joints, the following materials are used on un-rubbered
socket & spigot ends
= (Cleaning fluid — to remove oils and dirt on pipe surfaces
= Solvent cement — thick liquid used to weld pipe ends together
To facilitate a water tight joints, the following materials are used on rubbered socket ends
= Cleaning fluid — to remove oils and dirt on pipe surfaces
= Jubricant— thick liquid used to lubricate pipe ends

(iii) Jointing PE pipes

PE pipes are manufactured without socket ends. Small diameter pipes (up to 50mm), are
supplies in 100m length, and hence have few joints,

Where PE pipe pieces are used, jointing may be facilitated by use of pipe sockets.

PE FITTINGS
A variety of PE fittings do exist. Some PE fittings in the market are;
= Bends
= Coupling/sockets
= Tees & crosses couplings
= Caps

(iv) Jointing other pipes

Asbestos cement (AC) pipes are supplied with spigot and rubbered socket ends. Special
fittings are available for jointing AC pipe pieces. In most cases, the spigot ends of AC
pipes require to be trimmed to facilitate jointing.

It is common practice to use VJ coupling for jointing AC pipe pieces

A variety of AC fittings do exist, they includes;

= Bends
= Rubbered sockets
= Caps

(iv) Other fittings used for jointing pipes

i. FLANGED JOINTS
Flanged joint is a rigid joint
It is sealed by compressing a flat gasket
Bolts, nuts and washers are used

Flanged joint with full faced gasket Inside bolt circle type

When fitting the bolts, screw them first by hand and tighten them using an open end or adjustable
spanner. The bots should be tightened in the order shown

ii. COUPLINGS
Couplings joint pipes & fittings together and uses rubber-rings to ensure water-tight on
the pipe joints

VIKING JOHNSON (VJ) COUPLING

This is used to joint the same pipe material
It is made from Cast Iron/mild steel



V-
Coupling

TALBOT WINNALL COUPLING
This may be used on almost all pipes steel, cast iron PVC & AC
It is made from Cast Iron/mild steel

Talbot

coupling

KALTITE JOINT

This is used to joint A.C to A.C pipes
Consist of one Ac sleeve with three internal grooves, A,B, &C

Kaltite
joint

CLASS EXERCISES
1) List the main components of a water supply system
2) What are the common types pipes used in Kenya?
3) What are the advantages of PVC pipes over GI pipes
4) List the common GI fittings

5) How is pressure testing done on service line after installation

FIELD EXERCISES

1) Tapping water from main
Under pressure taping
Use of saddle clamp
Use of tees
2) Cutting, trimming & threading of GI pipes
Small pipes
Large pipes
3) Jointing of GI pipes
Using sockets
Using VI coupling & others
4) Laying GI pipes
Trench alignment
Pipeline alignment

5) Cutting & jointing uPVC pipes
Small pipes — use solvent cement; making of sockets
Large pipes — use of rubber joints
Use of VJ coupling
6) Cutting & jointing of PE pipes
Use of PE fitting
Welding of PE pipes
7) Cutting & jointing of AC pipes
Trimming of AC pipes
Use of couplings
8) Installation & servicing of appurtenances
Installation, servicing & repair of air valves
Installation, servicing & repair of washouts
Installation, servicing & repair of fire hydrants
Installation, servicing & repair of non-return valves
Installation, servicing & repair of sluice & gate valves
Installation, servicing & repair of taps

9) Installation of a service line



INSTALLATION, SERVICING & REPAIR OF APPURTENANCES
DEFINITION OF APPURTENANCES

Appurtenances are valves and fittings used in controlling water supply

are: -

Sluice valves
Gate valves

Air valves

Non return valves
Ball valves

Taps

The purpose of this module is to enable the caretaker/community to install,

operate and maintain the above — mentioned appurtenances for smooth running of the water

system. Specific examples

supply system.
Some of the appurtenances used in water reticulation system
ITEM | APPURTENANCE USES USUAL LOCATION
1. Sluice and gate valve (S.V) - Control discharges in - Atjunctions of pipes
water system - Atstorage tank outlets
- Open and close flows - Atwashouts
- Atair valves etc
2. Butterfly valves - Control discharges in Mostly pumping station reservoir and
water supply system treatment plant.
- Open and closes flows
3 Ball or float valve Control discharges of water At inlet to storage
entering a storage
4. Non return valve (NRV) Maintain flow in one direction - Atsuction ends as foot valve
- On the delivery end of
pumping unit
- Other places where flow is
restricted to one direction.
5. Air valves (A.V) - Release air out of pipe | At high spots of pipe network
network
- Inlets air into pipe
network
6. Washout arrangements with | - To wash or deposits in water - Atdepressions of pipe network
sluice or gate valve supply network - At storage tanks
7. Fire hydrant - For fire fighting in urban areas | - At strategic points in urban area and on
major main lines along streets
8. Strainer Strains out solid particles - Before meters

SLUICE VALVES & GATE VALVES
1) Functions & locations of sluice & gate valves
Sluice and gate valves are used for controlling water in pipeline. They may used

open and shut off flow or just to throttle the flow. They are most applied in the distribution

system at branches to regulate flow in differe

nt directions

—

Location of sluice & gate valves in the distribution system
Sluice and gate valves are also located storage tank’s outlet and scour pipes

2) Make & types of sluice valves

Sluice valve

3)Components of sluices

Wedge shaped gate

The terms sluice & gate are exchangeable, but sluices valves are many times used
diameter (>50mm) valves with flanged connections, and usually made
Gate valves are usually small (<50mm, but sizes up to 150mm are available) and are
of brass.

Gate valves

Soft sealing gate

from cast or ductile iron



3) Components of gate valves & stop cocks

Gate valves & stop cock are from %2’ to 6’

—

. hand-wheel nut

2. hand-wheel

3. Grand nut

4. Stuffing gland

5. Packing

6. shaft or spindle

7. Stuffing box

8. Bonnet

9. Gate valve body
(brass)

10. GI pipe/valve

socket.

4) Maintenance problems of sluice & gate valves & their remedy

Repair of sluice valves

5) Repair and Maintenance of sluice valves

Routine maintenance of sluice valves

Problem Causes Remedies
Damage on the spindle Due to long lasting leak at | Replacement of spindle
the gland packing

Broken shutter

Due to overloading at the
spindle by heavy objects

Replacement of shutter

Corrosion on body and Poor water quality & age
shutter of valve

Erosion on body and By not opening the shutter
shutter fully

Deposit of sediment

Suspended matter in water
May cause damage to
water meters

Open valve completely
where possible

Wash your system
regularly
Sedimentation on
metal seal can be
removed by operating
the shutter

1) When the body is
dismantled it has to be

marked in order to place the

same position as before
dismantling

2) Keep all parts clean when
assembling; most valves are

broken due to the tendency

the seat before reassembling

3) Tighten evenly the bolts
and nuts

Maintenance depends on type, age, use, &
location of valves; On average it is
recommended that inspection be done every 3-5 years and
the following be checked
- Accessibility of the valve
- Correct sign/mark at the valve location
- Water tightness — from leaks
- Completeness of the valve
- Valve set according to the operation instruction
- Functionability of all parts
- Obstruction to traffic
- Completeness of the valve chamber
- Soil movement and erosion
- Location as per the block map

Broken /non functioning
shutter nuts

Wrong operation — of left
hand spindle or due to
excessive tightening of the
spindle

Left hand operation need
to be properly labeled
indicate the direction of
the operation so as to
avoid breaking the nuts




Repair and Maintenance of gate valves
Close the gate valve by turning the hand
wheel clockwise. This will keep firm the
pipeline for valve to be repaired

Undo the nut above the hand wheel with
small spanner and lift off the wheel

Remove the gland nut from the bonnet by
turning it clockwise with spanner

Lift off the staffing gland. If it is too tight
press it out of the box with a small
screwdriver

Using the same screwdriver clean the old
packing in the stuffing box

Coil the new packing round the shaft or
spindle and push it down with a small
screwdriver

6) Basic design of valves

Type of closer
devise

1) Functions & locations of air valves
Air valves are located on high spots along a pipeline

ocdtion of air valves

Air valves have the following functions:

= Permanent degassing of the system during normal operation

Rigid flexible
Operational
movement of the | Rectilinear Rotational around axis According
closer devise Lateral to flow to type
Direction of flow| Lateral to In the Through the | Around the According
movement direction of | closed devise | closed devise to type
the movement
Schematic
representation
Membrane
Basic Gate valve Globe valve | Cock valve Buitterfly valve| yalye
construction
types
AIR VALVES




= Automatic air venting as the main fills with water, say following

a
period of n

conditions

2) Make & types of air valve

Air valves are made of cast iron or ductile iron. Plastic air valves are also available today.

Air valves are classed according to their sizes. Large air valves are fitted on to large pipelines,
while small air valves are fitted onto small pipelines. Small air valves have single orifice while
large air valve have double orifice

3) Maintenance of air valves

Maintenance depends on type, age, use, & location of valves; On average it is
recommended that inspection be done every 3-5 years and the following be
checked

- Accessibility of the valve

- Correct sign/mark at the valve location

- Water tightness — from leaks

- Completeness of the valve

- Valve set according to the operation instruction

- Functionality of all parts

- Obstruction to traffic

- Completeness of the valve chamber

- Soil movement and erosion

- Location as per the block map

WASHOUTS

1) Functions & locations of washouts
Washouts are located on low/depressed spots along a pipeline
(see clause 3.4 above), and as scour valves for storage reservoirs.
They remove settled sediments from these low/depressed areas.
2) Washout arrangements

The arrangement should be as short as possible

The arrangement should be as low as possible in order to clear most of
the settled materials

The spout should be as near as possible to notice when the cleaning

process is over by looking at the clean water coming out.

3) Maintenance of washouts
Maintenance depends on type, age, use, & location of valves; On average it is
recommended that inspection be done every 3-5 years and the following be
checked
- Accessibility of the valve
- Correct sign/mark at the valve location
- Water tightness — from leaks
- Completeness of the valve
- Valve set according to the operation instruction
- Functionality of all parts
- Obstruction to traffic
- Completeness of the valve chamber
- Soil movement and erosion
- Location as per the block map
Washouts are operated according to worked out time schedule

FIRE HYDRANTS
1) Functions & locations of fire-hydrants
Fire hydrants are located at strategic places in water distribution systems.
They are more concentrated in the highly valued districts in urban areas.
They are for fire fighting and emergency uses.
2) Make & types of fire-hydrants
Hydrants are made from cast iron or ductile iron



Fire
hydrant

3) Maintenance of fire-hydrants

Maintenance depends on type, age, use, & location of valves; On average it is
recommended that inspection be done every 3-5 years and the following be checked

- Accessibility of the valve

- Correct sign/mark at the valve location

- Water tightness — from leaks

- Completeness of the valve

- Valve set according to the operation instruction

- Functionality of all parts

- Obstruction to traffic

- Completeness of the valve chamber

- Soil movement and erosion

- Location as per the block map

NON- RETURN VALVES
1) Functions & locations of non-return valves
Non-return valve only allows water in one direction. They may be used at:
= At pumping station so as to retain water in the delivery pipe
= Asafoot valve in a pumping system
= As integral part of other fitting where back flow is not desirable

2) Make & types of non-return valves
Non return valve may be made from cast iron, ductile iron or bronze
It has a swinging flap and are either flanged or screwed. It is important
that the valve is installed correctly with the direction of flow as indicated on the body of the
valve

If the swing pin has rust or
corrosion the flap will not close
when in the open position

When the valve stay for too long
without operating, the silt
deposit will settle at the lower
part and the flap will not open or
if in open position will not close




If the valve is left without
operating for long time the
jumper pin will rust or will stick
and will not lift up

If the valve is left for long time
in operation the silt will block
the jumper from either opening
or closing

FLOAT/BALL VALVE
1) Functions & locations of ball valve
Float valves or ball valves are used to automatically close or open the flow
into storage. Float valves are therefore placed at entrance of storage reservoirs.
Make & types of ball valve
Ball valves are made of brass body, with a plastic ball

STRAINERS
1) Functions & locations of strainers
Strainers prevents/ safe guards the clogging of meters, particularly master
meters
2) Make & types of strainers

Strainer



OTHER APPURTENANCES

BIP TAP

PILLAR TAP

STOP COCK
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1. Objectives (Out-put)
(@ Understand the concept of rehabilitation plan of piping network,
@ Understand the components on it,
® Understand XXXXXXXX.
@ Understand XXXXXXX

2. Introduction

In order to implement NRW reduction effectively, it is important to formulate and implement a

renewal plan.

In addition, the PDCA cycle of formulation/evaluation of the improvement plan of NRW reduction

is shown in Figure-1.

As part of NRW reduction measures, partial temporary repair of old pipes / leakage pipes will soon

cause leakage in other places, and leakage prevention cannot be implemented effectively.

Ideally, while conducting a water leakage survey (determination of the potential water leakage
amount) of an aging pipe / water leakage frequent piping network, it will be evaluated by economic

effects (cost-effectiveness), and a plan for a priority renewal piping network will be formulated.

2019 July
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3. Key Words Definitions

What is the
management ledger to

be arranged?

It is an arrangement of basic information to effectively implement the
improvement plan. (For example, location information of piping network,
ledger of depreciation assets, ledger of leaked places and causes, ledger

of repair records and expenses, etc.)

What is the
improvement method

of leaking pipeline?

Improvement methods include methods such as renewal (laying of new
pipes), rehabilitation (reinforcement / improvement), repair /

replacement, and change of piping routes.

What is the cost-
effectiveness

evaluation?

The priority of NRW reduction measures can be determined by
comprehensively determining the balance between improvement costs
and effects, priority leakage areas, political priorities, etc.

Expense is the amount of investment for improvement work.

The improvement effect is the expected benefit / benefit effect with the

implementation of the improvement work.

¢ NOTE

In order to formulate an effective renewal plan, it is essential to maintain both the asset

management register and maintenance information of the piping network of the piping network.

In this chapter, the basic knowledge required for NRW reduction planning is shown below.
(D What is the management ledgers to be arranged?
@ What is the implementation of additional investigations?
(®What is the improvement methods of leaking pipeline?
® What is the cost-effectiveness evaluation?

(@ What is the evaluation of managemental indexes?

"1 Identification of leaked water network | A) Collection and analysis of available
| (6] Identification of aged pipe metwocks | basic data

|

F} lplementation of the solution fir the

problems ‘-

) Conduct of additional investigation

b 1
x

E} Achisvement evaluations | (10 Evaluation of a ju

{11} Priepose of formilation of mspeovement plai

- et poals for NRW reduac

“Shudy of procedars of am rehalbilitation plan

|

s msethod af old pipelines

DiFormulation and implementation of
WRW reduction plan improvement plan for NEW reduction

) Items to comsider for formulsting m]_ * Rehal

« Metal pipes (Steel CIF)

« Synthetic | resin pipes (FVC ( PE)

Figure-1 PDCA cycle to formulate effective NRW reduction and improvement plan
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What is the evaluation
of managemental

indexes?

The improvement effect is objectively evaluated by "management index
values".

Moreover, these indexes are important basic data for judging the
directivity of a business project, and being outputted to timely is
indispensable.

(E.g., pipe renewal rate, water leakage rate / non-revenue water rate,
ordinary profit, pipe accident rate, evaluation of commercial loss and

physical loss, etc.

4. Collection and Analysis of Available Basic Data

4-1 Necessity for Arrangement of Piping Network Map

Piping network diagrams (including improvement / repair work drawings) from the past to

the present managed by many WSPs are not rationally arranged for reasons such as a

entyom workload and econcmss efficiency

shortage of management personnel, a shortage of personal computers, and a lack of storage

and storage standards.

However, in order to promote efficiency in planning and implementation of NRW reduction,
the basic information, for example, drawing of piping network, boundary line of water
distribution blocks, position diagram of meters, OM service / asset ledger information, etc.,
in the past and in present will be developed sequentially so that it can be expressed on a map,
and in the future construction of a system that can be collectively managed on a computer
is desired.

#20-8
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@ The following is an example of the arrangement procedure for the piping network map.
(1) Step-1 (Transfer the current drawing information to one topographic map)
@ Transcription of handwritten / memo drawing information.
@ Transcription of piping network of the completion map,
(® Transcription of interview survey information from residents / construction
personnel,
@ Transcription of survey information by the pipeline detector,
(® Describe the unknown piping route with a dotted line for the time being,
© The following is an example of attribute data to be prepared;
For examples to be necessity of Basic data
a) Outline of construction year / construction scale,
b) Boundary / zone of water supply areas,
¢) Quality control standards and items for piping installation works,
d) Location information of drinking water treatment facilities and their
facilities capacities,
e) Location information of distribution facility and its facility capabilities,
f) Pip information (size / material / thickness / anticorrosion measures)
g) Piping connection/Joint methods,
h) Extension distance of laying pipeline, buried depth, laying position
i) Water leak information (Name of location where it occurred, cause,
frequency, repair cost, etc.)
j) Information of meter (place installed, registration number, customer name,
time of installation work, diameter, model, etc.)
k) Meter reading information (reading obstruction/ error, cause of
breakdown water consumption rate etc.)
1) Information on leakage survey results (time implemented,
name of location / block, prediction of leakage loss water amount /
potential leakage amount, indication of leakage point, cause, etc.)
n) Others (construction pictures, city planning maps, records of natural

disasters, sewer network information, etc.)

#20-9
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(2) Step-2 (Creation of Mapping on PC) ...... More detail Refer to Textbook-4 (5-3-6)
@ Digitize the basic information of Step-1 and input the digital information to the
geographical map on the personal computer.
@ Piping network information will be updated constantly.
(3 Regularly update the topographic map.

(@Correct location information of basic information by GPS and/or actual measurement.

Nishiki 3-chome
-
H
| E
4 i
-
e
sz T A
& / N P
';' ’“-.-A 0 \
N Hisaya Odori park

Source; JICA Textbook

Figure-2 Concept of Mapping Drawing
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the monitor screen.

r—| Engineenng Information Section (Fukue BLOG | r\ | Maoping inormaton Maragemant Canler (NsiamanBLOG) h

E s @—/‘“ @ The following outputs can be implemented in a timely manner.
- ] o
2= :v:::_ | é! il - (For example, water pressure distribution map, flow velocity distribution map, water
SR E l | Masto Sover 1 supply distribution map, forecast map of water shortage area, water pollution
TE‘?-. PG for Maragement E" 1& : prediction map, distribution plan in emergency, formulation of update priority,
>-—.__/“ Plat Sarver . .
o I— 4 reporting of management index, etc.)
Wb Saever (UNIX) EWS for Upanta [six unit)
- =—/ s
s o [T —a n @ NRW reduction activities can be implemented effectively by displaying complaint
I—mé:-:—‘-ir'l - .I P— information on the topographical map of PC (For example, confirmation of leak
Sarrwt PC Scanrat
Wi Informatan notification, confirmation of leak information, confirmation of repair status is easy)
e
[Started freen 2000}
PP {1 ® Other information management becomes easy (Sewage pipe network diagram,

location information of communication line, fire hydrant information etc.)

o= | Monochrme Ploier

Browse examples Meter reading ‘
mfomsstion
T
4 fo  smmgement
Outpat (Edit data) budeses Billing imoice e,
Walaor Distribution Section g 2 - charge count / business
(West side of City Government) Mﬁf““"“ ! Fipelwe Lo
Facalitses drawings netwenk Hazard niaps
Tipe hine drawings V.
Water lenknge occutrence Pount map S Tnput (aptionaly
- Waler pressure distribution
- Flood Hietard taap . Imiyseuionn g < imtota Piping notir maniieing mysbem
- Flow velocity distnbution map yout of istallation) ¢ _ (Water leakage / flow rate / water pressure |
o " . water quality / flow mte)
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% i _ Y Waar haision . v
A G T St v el owss e
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«Water balance analysis sheet Yy — Input
- Business indexes (NRW 9 / Loaiion (Cmeen, al information + digitized dai
; wseradh A (Geographical i it ta)
- Billing ‘eredit -payment Information / g, valves {road Avrangement of ledgers |
«Others. e I related documents
/' Cobemmben fiocks )/ Example of Data digitization information * Usban development plan
ey /
/ _T‘:;:m y + All arvonged informuation = Population distribistion
W — ) * Ledger | telaiod boak information - Water supply failities
I:I._‘“-\-J/ 7 / ‘mmmgrm. J £ + Capacity mformation of water purification facilities ' .\m wone information
ok Pty prive ey (WP, distrbution reservoir) + Pipeline network. O/M wock
4 + Pipeline information (bore / meaterind / ks / year of 4= + Construction documents |
installation) specifications.
. + Pipe laying work nfomatian (roul X * Ledgers
Source; JICA Textbook M‘P‘ lnying ik _“‘j"’"’"‘P S bl Eaiers.
ial depth, joints, specifications | phtos) lcaknge repair, complaints,
Figure-3 Concept of Mapping Information Management System * Pipeline information (bose | material /kan | yenr of meters. cumtomers. fived assets)
installation) + Others (hotise mnp. sewer pipe
- + Water leaknge ledger / repair ledger information. natural disasters ..}
Information on the lntest map |
(3) Step-3 (Creation of GIS on PC) ...... More detail: Refer to Textbook 4 (5-3-6)
@ Creating the Digitize the basic information of Step-1to input GIS system Figure-4 Concept of GIS system

@ By combining flow rate information and water pressure information with hydraulic
calculation software, the piping network can constantly monitor water pressure

management, uniform water volume, leakage occurrence location and NRW rate on
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Figure-5 Concept of GIS Drawing

NOTE: Points to note in GIS

(1) GIS (Geographic Information Systems) is a system that links letters, numbers and images to maps,
reproduces them on a computer, integrates various information from locations and places,
analyzes them and expresses them in maps.

(2) As digital information necessary for GIS implementation, it is desirable to request a certification
body of ISMS (Information Security Management System) in order to handle internal confidential
information including personal information.

(3) In order to output accurate information from GIS, it is said that software renewal / capital

investment / human investment amount is necessary for a long time in order to update constantly.

4-2 Arrangement of Fixed Asset Ledger
4-2-1 What is an asset?
Assets are classified into fixed assets (for example land, buildings, machines, facilities,
facility usage rights, patent rights), current assets (for example, cash, savings,
commodities, raw materials) and carry forward accounts (for example, bonds, expenses
recovered by future earnings).
Fixed assets are further classified into tangible fixed assets (for example, Assets with a
specific shape), intangible fixed assets (for example, patent right, Software, Goodwill)

and investment assets (for example, Interest purpose etc.)

#20-13
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In this chapter, among tangible fixed assets, ledger creation of depreciable assets is

described as follows.

4-2-2 What is a Fixed Assets Ledger?

In order to early predict the durability / aging of the piping network required to
formulate the NRW reduction plan, each WSP needs to quickly create a ledger
for the tangible fixed assets of the distribution facilities subject to depreciation

according to the useful life.

NOTE:

@D A tangible fixed asset means the properties used for a water service business over
a long period of time.

(For example, buildings, buildings (water purification equipment, water distribution
equipment), machinery / electric equipment (pumps, meters, other machinery,

measurement equipment), vehicles, tools, etc.)

@ Depreciable tangible fixed assets are tangible fixed assets that decrease in asset
value each year of use.

(For example, piping materials, fittings, valves / gates, air valves, bulk meters /
customer meters, saddle branches, pumps, water pressure gauges, check valves, surge
tanks, water level gauges, middle chlorine injection equipment, automatic water
quality monitoring devices, Electricity generation, instrumentation equipment, leak
detection equipment / repair equipment / construction heavy equipment / transport

vehicles, etc.)

® For accountability purpose (Internal control)

To know which assets and location and who is responsible for daily administration.

4-2-3 Legal basis of depreciation and lifetime classifications

(1) For Kenyan regulations

(a) International Financial Reporting Standards (IFRS)
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For examples;
(DSewer &water system : 2.5%
@Motor vehicle : 25%

(@Furniture, fittings & equipment : 12.5%
s 2 quip:

@Computer equipment : 30%
®Tools; 33.3%

©0Office equipment; 13%
(DGenerator;25%

(b) Kenya Revenue Authority (KRA)

Guide on Wear & Tear detection (Depreciation 2019)

For examples;

@ Class A--37.50% : Heavy Machine (2.67 years)

2019 July

@ Class-B—30% : Computers & related accession as (3.33 years)

@ Class-C—25% :Saloon cars (Not heavy) :4 years

@ Class—D—12.5%: Furniture (8 years)
® Industrial Building: 2.5 % (40 years)
* %  All on reducing balance method thus No ZERO Witten down value

(c) Practice manual for Water Supply services 2006 (MIW)

Asset part

Economic

lifetime years

Annual maintenance

costin %

Dams 40 0.5
Intake works, including boreholes: Mass 40 1
concrete structures, such as intakes,

underground pits, culverts, etc.

Earthworks generally 40 1
Boreholes and well 20 1
Pumps:

Hydrams and hydrostats 15 5
Other pumps 10 5
Power:

#20-15
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Diesel engines 10
Engine and pump sets petrol paraffin 5
Electric motors, cables and switch gears 10
Piping; all types 30
Treatment works;

Treatment works in masonry of reinforced 30
concrete

Reservoirs;

Storage tanks in masonry or reinforced 30
concrete

Storage tanks, sectionally steel incl. towers 20
Storage tanks corrugated galvanized steel 10
(C.G.S) on timber stands

Building;

building (C.G.S.) on timber 20
Building masonry 30
Miscellaneous and items

Communal water points (CWP) 10
Water kiosks, latrines, licensed retailer 20
point etc.

Gantries, steel works etc. 20
Permanent tools and plant not mentioned 10
elsewhere

Water meters 10
Chemical apparatus;

Chemical dosing gears 10
Instruments and testing apparatus 5
Roads, fences etc.;

Roads of access, general 30
Fence, G.S. wire or mesh on timber 10
Fence, G.S. wire or mesh on concrete posts 20

(2) For Japanese regulation  (Refer to Tables-8/-9/-10)

(a) Water supply Act/Local Public Enterprise Law Enforcement Regulations

(Article 7 / Article 8)

(b) Ministry of Health, Labor and Welfare
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(c) Ministry of Finance/National Tax Agency

4-2-4 Purpose of creating fixed asset ledger
The purpose is shown below.
(1) Asset management purpose (determination of the lifetime of existing facilities)
In particular, with regard to NRW reduction, by collecting information on each
asset, it is easy to identify the pipe type and quantity / km required when
implementing measures to prevent aging (useful life) of existing pipes
In addition, it helps to manage the risk of water leakage caused by insufficient
strength / construction failure of existing piping networks, and to improve water

supply services.

(2) Accounting purpose
The tangible fixed asset ledger can be used to visualize the basis for calculating
the carrying amount of each asset and the depreciation expense, and to confirm

whether it has been calculated correctly.

(3) Tax purposes
The tax audit checks the fixed asset ledger and can correctly confirm the basis
of depreciation used in tax calculation, wear and tear deduction.

This is a requirement from Kenya Revenue Authority (KRA)

NOTE : Points to remember

@D Once you have decided on the asset register creation rules, start asset
management immediately.

(@ When updating the ledger, it is necessary to consider the description method

so that the process can be checked retrospectively.

4-2-5 Entry example of tangible purchased fixed assets
The following is an example of the items to be included in the ledger, but each WSP
needs to determine the items to be focused on.
@ Project name and execution number,
@ Acquisition method,
(For example, purchase, production, acquisition by exchange, free transfer,
acquisition by trade-in, description of rights exchanges etc.),

@ Year of acquisition / asset registration date,

#20-17
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@ Tangible fixed asset registration number when applicable , e.g. serial number,
registration number,

® Purchase price or appraisal price / revaluation price,
® Name, details, and quantity of a tangible fixed asset,
(D Asset location, (Installation place and storage place)
Description of legal service life by facility,
© Clarification of calculation method of depreciation,

a) Description of the date to be depreciated,

b) Depreciation method of depreciation,

(This is the basis for calculating the present value of the fixed asset ledger
held by WSP)

¢) Description of residual value after the useful life or salvage value,

Registration number of design document and drawing,
@ Asset Management Department Name,

(@ Other matters to be helpful,

4-2-6 Retention period of a fixed asset ledger
(1) Comply with statutory standards
Tax retention periods such as invoices conform to legal requirements.
(2) When there is no legal standard

For example, in Japan, it is seven years and two months of the end of the year.

4-2-7 Introduction of the format example of the asset ledger
(1) Fixed asset format
If the fixed asset register does not have a legal form, the necessary information is
described according to the purpose of use of each WSP.
(2) How to create a simple fixed asset ledger
Use Excel to describe details such as fixed asset names on the vertical axis, and
enter asset items on the horizontal axis.
The following basic information is described without omission.
(Fixed asset number, name, acquisition date, acquisition price, unamortized
balance, depreciable balance, useful life, depreciation start date, asset type,

accumulated depreciation expense, holding place, etc.)

Example of form-1
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Table-1 Example of form-1 Example of form-4
Ledger Example of Tangible Fixed Assets-1 P o~ NOTE: IFRS guideline in Kenya
Acquisition | Registration | A Nae of o e "% installation| St Usefil lfe| Depreciati| Book | RE . . . . . .
ducnr-;:) pig m.:;:r :;5 Specific | Quanity | n : se place 10,::: (x Yot} |on meihod | valactks) &r) reee @ The Financial Management Act of Kenya must use both of International Financial Reporting
Butterfly Zone-5 . straight- Standards (IFRS) 2008 as a guideline and Kenya Revenue Authority (KRA)
2019-Feb-01 | 2019-Feb-02 | 1 Valve | valve: ] 20000 | 100000 | diswiburin| - 20 line
Sthaum £ pipe method
. Zone— 6, straight- . . " "
2019-Fcb02 | 2019Feb03 | 2| PERipe | T 0 15000 | 150000 | diswibotin| - m s @ Each WSP is obligated to prepare an "Assets Report" every three to five years.
pipe teghod
@ However, if the Tangible assets that still have asset value beyond the useful life are re-evaluated
their residual value by a third-party financial manager and their useful life is further extended by 3 to
Example of form-2 5 years.
Table-2 Example of form-2
Ledger Example of Tangible Fixed Assets-2
Name of WSP No. Table-4 Summary of KEWI Case (Based on IFRS Guideline)
Name of assets Useful life ( years) Example of Ditailed Raie on Fixed it lne) Source: KEWI 2013 March
Classification ey . Property, plant and equipmenst Nole
Quantity Depreciation ratio (Tangible Asscts) Land Buldings | Mot F“"r.""‘lf.‘n';““' h';:“p':"m Computers | Toml | tauebie
Depreciation method Cost Shs Shs Shs Shy Shs Shs Shy Shs
Acq A ']j At 15t July 2016 1044642000 | 485738478 | 23,900,000 5475397 ELES4946 12155879 | 1.688.666.697 ~
uisition : Additions ] 1562614 ] ] 144200 ] 1,706,514
M- : Vi
Date (Y-M-D) Summary price(Ks) Cost amortize(Ks) | Book value(Ks) = . . - - . i i
A 30th fune 2017 1044642000 | 457301089 | 23,700,000 9575397 E2.999,146 1155579 | 1660373511
Additions 0 0 0 0 135,345 0 135,345
Disposals 0 o [ 0 [] 0 0
Al 30t June 2018 104642000 | ART301.049 | 25,700,000 9,578,397 LERERE 12185579 | 1,660,508 856
At Ist July 2016 0 29,144 309 11,520,000 2776679 20,332,505 9437985 73511478
0 9,746,022 4,740,000 957,540 10,374,893 366,764 0
O Disposals 0 0 0 0 0 0 0
At 30t Juse 2017 0 3734219 30.707398 13,084,748 73511478
L ABIVIALL I LNSNE |5 ORELIST: )
_AL099210 102993615
Example of form-3
20%
Table-3 Example of form-3 50

Ledges Example of Tangible Fised Assets-3

[ Rem of Ovned s
Nome of assets | (s Fined anset musber
| Coafigization S hom
Fignration Thine | M
nsion Usefil e { years) Classificat ’L“‘"
on
7 Saiall
Capacity Dxepreciscion rate T
| “Anmaal
Use application | """‘;“J"‘““ Project manbes
Others. | Residmal price (Ks) Dirawing mumber
Book<ost iati o Dispasal
i i Profitor
Duie (Y-} =" Detees Creditor e Lo [ S F— u.:m Rhteryind
iy | Amoust Aot Amoust | ey | o) K 3
oy | "y |y | g | Sy | T | i)
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Example of form-5
Table-5 Summary of Nyahururu Case (Based on IFRS Guideline)
Example of Detailed d rate on Fixed Assel ight line) Source: Nyahururu WSP @2019 March
Praoperty, plant and equipment
e Fumniture,
Yl_clt_arlyi[‘:lccprwmn;n Sewer &water vl;lhmlgre fittings & I:nnllpmert Tools Lu:fli::m : o
angible Assets i equipmen equips Tatal
= & - - - Inc. Pumps
Cost Shs Shs Shs Shs Shs Shs Shs
At 1st July 2017 7,009,720 3,921,107 11,231,100] 4,022,869 20,000 | 1,591,756 | 123241370
Additions 675000 1.014.861 6.049.740) 112,445 - 10,354,560
At 30th June 2018 97947332 7.684.720 4,935,968 17.280.840) 4.135314 20.000) 1.591.756 133,595,930
Diepreciation
At Ist July 2017 2634430 6,074,634 2,706,695 8.274.128| 3.623.579 | - 1.432,401 48,455,831
Charge for the Period 1,790,073 278,659 2,702,014) 170,408 | - 39,839 5,383,514
At 30th June 2018 28.134.467 2,985,354 10976,142| 3,793,957 0] 1472240 53,839,345
At st July 2017 59,100,424 935,086 1,214,412 2956972 399,290 20,000 159,355 74,785,539
At 30t June 2018 69.812,865] 1.207.564 1,950,614 6,304,699 341,327 20,000 119,516 79.756,585
Rates 2.50% 25.00% 12.50% 30.00% 33.30% 13% 25% -
Useful life's (Years) 40.0 4.0 8.0 33 3.0 8.0 4.0 z

Note: After a depreciation period, asset value is again estimated as about 40% of asset value by

the third party, and lustrum extension of the useful life is carried out.

Example of form-6

Table-6 Summary of Nakuru Case (Based on IFRS Guideline)

Fauasspls of Densdod Fiasd iSmaighe list) Nalosny WSPHIHS Apeil
Properry. plast sed oquipmsst
e Framitare. = | | M | Preped | aabk
Yeuly Deprecimion Motow: Computer | Pasmps and Nerwork | Office | Elecwic
I fimnp & | Water ey COF | Lonechold | vebicen | Woner Avists
(Tamgibls Ausess) velicle | equpment | mators | [ i | Hileck | fews Toial
- - - - - MeserVabve | Gl il | - - 1 - Soltwine
Cont o $hs S £ Sha $ha $hs he Sha | S | S £ Sha
Abat 1 duby D16 11965571 11281 855) ALMLNE TAMAE SRATES RALRL 23247
aiitiony 50000] 111850 207800 AB46.TS 22302841
AL 30D e 30T | 12SSETH) 12400887  tiwsos] vennis ecmonu]  saseas]  seaseon 248 428 20]
= -
framin
Chage fox e Ve - BASN562
AL 308 Jaae 21T | 10 |
Cout ox Vabiatien |
Avat lufuly 3007 | IRASRETI) 130008 SINTAN TANIAY ALTAIA]  SAGE SRR 245,625,264
CWIF | | ABZTRS, - NI ERAER |
Addition | Lwaed]  1nensd]  asodsa] 1048 |
Cramt CGN | | et | ph |
ALME June 3018 | £265587) IRATE | 19000408 | 7248700

FRAMATE

| An m 1sa futy 20
Clarge fox e Yo g
| Clage fox the Yeu

As o0 Fth Jume 2014
As ut ¥ih Jume 2017
Mates

Useful lfe's 4V a8 an

sa

Note; Depreciation expenses for the first year and the last year are calculated in the year without

considering the purchase month and/or date.

determined from the current market price.
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The asset value of inventory

goods is
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4-3 Example of Depreciation Expense Calculation

2019 July

Calculation of a depreciation expense makes the purchase years of facilities 100%, and is

calculated from tenure of use and a useful life.

The example of the simple calculation method of the depreciation expense by fixed amount

method is shown below.

@ Example of calculation by Fixed amount method

This Fixed amount method is a simple calculation method that depreciates equally every

year for the useful life.

(1) Formula

Annual depreciation expense = (book cost-residual price) / useful life (years)

Y¢ Conditions
-Vehicle purchase price = 3.0 MKs
- Useful life = 10 years

- Remaining book value (after 10 years of useful life) = 1.0 Ks
Y Therefor
- Average depreciation for 10 years = 3.0 MKs / 10 years = 300,000 Ks / year

- However, depreciation expense at 10th year = 300,000 Ks-1.0 Ks = 299, 999

Ks.

- The residual value after 10 years is 1.0 Ks and/or 0 Ks will be remained until

it is

disposed of.

Table-7 Computation Example of Depreciation Amortization (in Japan)

| Amoruzat
Amcunt 80 | | on period | Amortiza ‘:“::' Rate of the. N Amortized
| Acquisitio| bethe |Depeecia) Useful |Deprect | during the| tion | Specual ECERMY | lance Beiel
| Proger Aven! | Acquiition| @ | bwssol | Gon | Gfe | ation | currs depreins | ePOOSHRIO] e o | Cemeed | S5
| L Name of sssets | Quasnin| date (¥-M. | Price(Ks) | amortizat| method | (Years) | ratio | yearper | for this | jon (Ks) of this yes | DRIES ey | Dot :
oo ' | o on (Ks) vew | year(Ks) m‘;’ ) . (Ks)
[ (Ma/12)
| T @ [ - | -|®| ® ® [
Stope Valves (50 mm Faes) Comstr
i [ T 0 | 2009010 | 600000 | 600000 | mmount | 15 | 00667 | 1000 | 40000 | 0 40,000 10| 40000 | S60000 |
Cast lron) | |ction car
| paymen |
| | | Fised | P
7 [200mmNEs(PE-100) | 20 | 201992 | 600000 | 600.000 | mmount | 40 | 00290 | 0333 0 5000 10 000 | 98000 |
paymen [supply
[ Towl | 45,000
NOTE; In Kenya

(DOption-1 Depreciate; Full depreciation on the year of acquisition and None (Zero) at year of disposal,
(20ption-2; Like Japan.
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Table -8 Depreciation Ratio by Fixed Amount (Straight-line) Method

D | Dy D | Depreciatio Depreciatio
Useful life B rate Useful life " rate Useful life nrate Useful life o rte Useful life 0 rate
inyears | Straight- | inyears | Straight- myears | Swalghe- inyenrs | Sernight- inyears | Staight-
line method line method line method | line method line method
- - 11 0. 1 2 | 0.048 31 | 0032 41 0.024
2 0.500 12 | ooss | 22 os | 32 0031 42 002
3 0333 | 13 0.077 23 0.043 33| ook 3 0.023
4 0.250 14 0,071 24 0.042 34 | 0.029 44 0.023
5 0200 | 15 0.067 2 0,040 s | oo 15 0.022
6 0.167 16 0,063 26 : 0.038 36 0.028 46 0.022
7 0.143 17 0,059 27 : 0.037 k) 0.027 47 0.021
5 0.125 15 | oose | 28 | 0036 & | oo a8 | oo
9 o1l | 19 0.053 29 | 0034 3 | ooz 9 0.020
10 0.100 20 0,050 30 _D_‘-I-‘-i_ 40 | 0O 028 50 0.020

4-4 Necessity of Setting Improvement Standards (useful life) of Facilities
The setting of this improvement/renewal standard (the useful life) is essential for guiding the
aging of facilities and for managing the tangible fixed asset ledger.
In general, the renewal criteria are set as the "legal service life" which indicates the usage
period to maintain the standard stable performance of each facility.
However, the reality is that once the facility is properly maintained and managed, the facility is

used even after the legal period.

NOTE: Necessity of setting

@ To formulate an implementation plan for NRW reduction measures, based on the update
standard value described in the asset register of the distribution facility, determine whether the
distribution network near the due date of a legal period and/or piping network with many leaks
as aged pipe.

@ By setting own renewal time and extending the legal service-life- span, equipment investment
can be reduced.

@ In order for WSP to continue stable water supply, it is necessary to set up a renewal standard

immediately.

4-4-1 Points to be considered in setting of own new renewal standard by life extension
(1) Points to be considered

Setting of own new renewal time is differences from depended on setting environment of
facilities/ pipelines, leak occurrence frequency, deterioration situation, importance of
facilities, facility, piping material / quality standard being used, quality of piping
construction standards, maintenance situation (strengthen by repair / reinforcement).
But it needs to be carefully set based on the past results / investigations.
In addition, in the examination of the renewal plan, it is essential to strengthen the financial

resources and the organizational system, and to formulate the renewal plan aiming at the
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continuation of stable water supply and the longevity of the facility.

(2) Related information items required
‘We will consider the new renewal year by organizing and analyzing the data of daily and
regular inspections.
@ Classification of priority of renewal facilities considering the urgency of repair
work and importance of facilities,
@ Setting the number of years of extension when the construction for extending the
life is carried out,
(@ Establish a new renewal year so that the project cost can be reduced while
reviewing the scale of facilities optimum for future water demand, actively
promoting integration of facilities, and strengthening ease of maintenance and

management,

4-4-2 Setting example of useful life
The following shows the major renewal items and their useful lives.
(1) Civil and architectural structures
To renewal of civil and building structures is as deterioration of the structure

and/or solve the shortage of capacity.

Table-9 Useful Life Example of Civil and Architectural Structures

In Japan's case(years)

: e . . In Kenya / WSP case (years)
(Source: JWRC 2015-10, Pamial reviewed)

Name of assets Leagal Stds Expected life
International e
Legal Staslards Expected life | Fmancial Reporting “};‘;’n:gra':l Nyaburun Nakami
Standards (IFRS) | ~
General Civil structures &0 65~90
Civil struchiure (Water 60 50-100 18
purification plant) |
Civil struchure (water 50 |
distribution facilities)
Stainless steel distnbution a5 =
rESErVoir g
General architectural 50 65~75
structires

(2) Mechanical and electrical equipment
Renewal of mechanical / electrical equipment is carried out to eliminate deterioration
due to corrosion and wear, lack of capacity, and model obsolescence of facilities, but
when maintenance is good, it tends to be used longer than the statutory period.

The new renewal service life is often set based on manufacturer recommendations /
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failure results.

Table-10 Useful Life of Machine and Electric Equipment

In Japan's caselyears)
In Kenya /| WSP
(Source: JWRC 2015-10, Partial reviewed) i i
‘Name of assets Leagal Stds. Expected life
Legal Standasds Expected life leraticoal : ;
caal Finascial Reporting h;;—f’f’ﬁn“&:] Nyabrum Nakuru
Standasds (IFRS) i
Pumps 15 20~30
Sterilization equipment 10 15~25
r‘h:mlf;l npectian 15 1830
Pressue reducing valve i |
\(metal)
Sedmentation. filtration 20~30
| equipment -
| Sludge treatment facilitics 20~ 40
Substation /clectnic 0~40
| distribution equipment | .
DC power supply 6~30
| equipment =
| Emergency power supply 1840
| equipment 15 -
| Flow nseters, water level
EAuges, water quality 10~25
| meters
.\lwlrﬂ_‘nw equipnsent’ 15~130
equipment
(3) Pipeline

The common update reason for pipelines is often implemented in order to cope with
lack of diameter / integration of pipelines / construction failure.
The reasons for updating the pipe line for each pipe type are shown below.
D Cast iron pipes and steel pipes
Deterioration of physical strength due to corrosion of outer and inner surfaces.
@  Asbestos pipes and non-ferrous metal material pipes

Deterioration in strength due to aging and damage due to external load.

In addition, there is a tendency that it is used longer than the statutory period if
promotion the improvement of the old pipe/ repair works/ pipeline cleaning/ flush

out, are properly carried out.

Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

The new renewal service life is set for each pipe type (40 to 80 years) based on
pipe line strength survey, record of operation and management, existence of
anticorrosion measures, corrosiveness of soil, leak occurrence frequency, leak

cause investigation and so on.

NOTE: Need to check the quality of products used in Kenya
Since the service life of the pipeline / pipe depends largely on the quality / standard

used, it is necessary to confirm the quality / standard of the product used.

(1) Quality of the procured product,
(2) Condition of use,

(3) Maintenance,

(4) Expected usage of the assets,
(5) Technical obsolescence,

(6) Legal limits for intangible assets, e.g. patent right

With these factors, you develop depreciation policy -NB KRA rates, should

not be contradicted for commercial enterprises.

Table-11 Useful Life of Pipeline and Type of Pipe Materials

In Jnpan's case(years) In Ketiya / WSP )
(Source: JWRC 2015-10, Partial reviewsd) it
Fmne ol e Leagal Sids. Expected life
MR Kemyn Revemue
Legal Standands Expecied life Financinl Reporting = Nyalnan Makuny
| Standards (IFRs) | Avhorites (KRA)
| Cast iron pips 50
Ductile cast irom pipe i 60~80
Stcel pipes (welded joit) 70
Steel pipes (Mange point. 10
i eic.)
a0
4o 40—~ 60
Polyetiylene pipes
(High densiry. heat flasion 0
join)
Polyethylens pipes 40
|—fothers) -
Stainbess pipes 4060
Distribartion water 40 26— 100
|—pipelis S
Distribution water e
| pipelime{Cithers) =
Diseribution pipe smschment W0
facility 2
Water service pipelines 15 2550
~ Walves 30 (Recommendsd) 10~ a0
Bulk Flow mieters 15~20 -
Customer Water meters )
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4-5 Arrangement of Water Leakage Accident / Repair Ledger Table-12 Example of Water Leakage Accident / Repair Ledger
In order to analyze the cause / actual condition of water distribution network with frequent A= . . [ R [ . =
occurrence of water leakage, it is necessary to organize the results of the cases of water ﬁtbﬂ dﬁltIl“;'--\l- | m:ﬂ ll:;?; Repasmazn 3mu :m erm w ;:?:m “T;‘Ifﬁ L:ku? r;:::" CM::T:nc:::dm
leakage that occurred in the past and to understand the water leakage phenomenon well. | 2
In particular, the physical deterioration of the water distribution network can be identified | 2
by examining the frequency of recurrence of water leakage from the ledger. 1
: i
4-5-1 Information Collection Period L L 2] - il . 1 ; 1 1
The collection of information on water leaks should be made within the past 5 to 10 years
(the piping status may be different if the information is too old). 4-5-4 Digitization of ledger information
Combining the GIS / mapping topographical map and the digitized ledger information
4-5-2 Confirmation of the history information on a leakage-of-water accident enables the complaint reception operator to immediately input the leak notification into
The items to grasp the past leakage tendency in advance are shown below. the map information on the PC, enabling sharing of the information on the PC screen.
In particular, the leaked pipeline, once generated, often leaks again, even if it is partially As aresult, it can contribute to NRW reduction by carrying out repair work promptly.
repaired. The format of the ledger is created in accordance with the key monitoring items of each
(1) Water leakage place and its discovery day, water leakage point (address), type of pipe, WSP. More detail, Refer to Textbook -5 and Textbook-6, (8)
bore diameter, year of construction, others,
(2) Situation of leaked water; Amount of leaked water, scale of leaked water, cause of
leaked water,
(3) Water leakage measures; Repair method, time required, cost, construction photograph,
correction procedure of existing pipeline map, etc.
4-5-3 Example of items to be listed in the ledger
(1) Classification of the information provider (Refer to Table-6)
(D Residents and passers.,
@ Road manager, electric worker, telephone worker, sewage worker
@ Pipeline patrol
@ Leakage investigation Table-13 Example of leakage-of-water survey Sheet

(2) Occurrence time /leaking point / block / address

(3) Election of the leak control person in charge

(4) Repair date and time / Repair method / Repair time
(5) Prediction of leakage amount / Prediction of loss cost
(6) Estimate of repair cost

(7) Number of workers / Calculation of Personnel Cost

(8) Cause of water leakage

#20-27 #20-28



Introduction to Rehabilitation Plan of Piping Network (Draft)

2019 July

Water distribution main Pipe Water supply device
ottty M AT ety | Mo [ S
1. Pipe 1 Pipe
2. Pipe damaged 2 Joint
3 Pipe da 3 .Stop cock
4. Valve' s gland packing 4. Union
S, Hydram 5 Packing
6. 8lice valve & Elbow
7_Air valve | 7 Coupling
B Others 8 T-bend
Sub-distrbuting pipe | 9-Socket
|1.Upper part of pipe 10 Saddle
2 Joun 1. Customer Meter
3 Valve' s gland packing [12.0nhers:
4. Hydrang
5 Slice valve
6.Adr valve
7. Others
‘ em o be anakyoed
Leakage-of-water spots Nunba_of ce umtll:;;h}
tiehd (%)
Upper part of pipe|
Pipe damaged
Joimt
o “'Hc:. Diverging point
Pipe Slice valve
Bulk Meters.
Orlsers
Subrotal
Upper par pipe |
Joim
Water- Stop cock
supply Pipe | Customer Meter |
Onlsers
Subrotal
Sum total oo (100} soooek (MO0}

Table-14 Example of Annual Report on water leak repaired
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Cath Matsial of pipe Distributing pipe (Cause of leakage) Service pipe (Conse of leakage)
2013 2014 2018 2016 2013 2014 2015 I 2016
Cast iron pipe |
____ Vinyl pipe
Aged pipe [-—Gotvamized siel pipe I
Stecl pipe |
PE pipe |
Total
Firtings
Bolis
Corrosion Snap taps
Saddle branched
Total
Vinyl pipe fittings
DCI pipe
Joining Sockets
problems Rubber seal
Other
Total
Gland Gate valves
Water shutoff valves
. Suap taps
packings P
Total
Diynamic Ductile cast iron pipe
load Steel pipe |
presstre/vib Vinyl pipe |
ration/Commo Asbestos pipe |
sive soil Total
Left piping Disposal piping
abandoned Total
" Crack of Pipe
F::::;f Detachable
Total
G. Total |
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5. Implementation of Additional Investigation due to a slight amount of leaked water at the connection, evaporation, soil adsorption,
If it is difficult to formulate an NRW reduction plan based on the analysis of available information, etc.)
additional research will be considered for the following items.
Water
(For details, refer to Textbook-6 and 7) et Weter. isskas hefors prevarntion
(1) Sharing definitions of technical terms required for NRW reduction activities R““"'::::::‘;‘;:‘:::];‘:"’“ Bl !1L:n p\]‘:l
(2) Investigation of present underground leakage by leak detectors, Leaknge sfier preswntion . survey technology
(3) Survey of remaining leakage and restored amount in each piping networks, Leakaze wl-ne“h:mw b 2 Unable 10 prevent water for
prevent VarioMs reasons
(4) Evaluation of leakage prevention work volume and economic efficiency.
Water 3 True water leakage Allowable leakage=Rema
leakage= 0
5-1 Sharing Definitions of Technical Terms Required for NRW Reduction Activities Source: Yokosuka city waterworks & sewerage bureau
5-1-1 What is revenue water? Figure-6 Concept of total water leakage
Revenue water is defined as the amount of water input into the distribution system and is
translated to revenue. 5-1-4 Breakdown of NRW
5-1-2 What is Non-revenue water? Non-revenue water = Not billed authorized consumption + Water losses
Non-Revenue water is defined as the amount of water input, is not translated to revenue. Water losses = Apparent losses + Real losses
Non
4 NOTE: Revenue
Water
NRW(m*) = SYSTEM INPUT VOLUME(m?) — BILLED AUTHORISED
CONSUMPTION(m%)
Unbilled
st authorised
consumption
Non-Revenue water ratio is the percentage of the amount of water not billed against the T
amount of water input into the distribution system.
Af&fg: ¢ Real Losses
System Input Volume — Billed Authorized Consumption
NRW(%) = X 100
System Input Volume Figure-7 Components of Non-Revenue Water

5-1-3 Types of leaked water generated Table-15 Water Balance analysis (IWA STD)

Q1: D1: VI @ Billed Metered Consumption  (including | Q2: Revenue
(1) Preventable leakage (Refer to Figure 3) System Authorized | Billed Authorized | water exported) (m?) Water(m®)
; Input Consumptio | Consumption (m*) | @ Billed Nan-metered Consumption(m?)
It is the amount of water leakage that can be prevented by the survey technology. Voiume 1 (md) 3 ® Unbilled Metered Consumprion(ar’) N
2) Unpreventable water quantity (Permissible water leakage quantity) (m) Unbilled Authorized |"@ Unbilled Non-metered Consumption(m?) Revenue
. " Consumption(m?) Water(m?)
The allowable amount of water leakage should be, as much as possible, “zero amount D2 3 ® Unauthorized Consumption(n?)
of water leakage,” but it cannot be prevented for many reasons. (for example, the NRW Water Apparent ® Metering Inaccuracies (m?)
Losses(m®) | Losses(m?®)
reduction rate determines the target allowable leakage rate considering cost V4: (@DLeakage on Transmission and /or Distribution
ffecti Real Loases Mains (m?)
effectiveness) (m®) (®Leakage and Overflows at utility’s Storage
(3) True leakage: Tanks (m®)
. . . © Leakage on Service Connections up to
It is the amount of leakage that cannot be prevented even if any leakage prevention Customers ‘Meters (m*)
measures are taken (estimated, 2 to 4%), for example, it is difficult to find leaked water Source: IWA: International Water Association Standard
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5-1-5 Breakdown of leakage in piping network measured by survey technology
© Amount of leaked water

= leaked water from piping network + illegal / stolen water + other

Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

5-1-9 Measurement of minimum night flow rate daily (criteria for judgment of leakage)
As a method of estimating the amount of leaked water in the piping network, the minimum
daily flow is measured, and this minimum flow is assumed as the amount of leaked water.

The time when demand is low is at midnight, which is the minimum flow (minimum night

5-1-6 Preventable water leakage
@ Water leakage from distribution network = 70 to 80%

= Surface leakage + Underground leakage

5-1-7 Remaining leakage
The residual water leakage amount is the “minimum water leakage amount”
immediately after the water leakage construction measures, and the restoration
amount is added with the passage of time, and the leakage water amount (total

water leakage amount) will increase. (Refer to Figure 4)

5-1-8 Restored amount of leaked water
Even if it repairs once, it is a phenomenon where new leakage of water occurs again
with the passage of time.
Leakage is constantly emerging and growing due to complex factors, and when

prevention measures are delayed, leakage increases with time.

NOTE: Recovery Index (restored amount)

In general, the amount of restoration refers to an increase in leakage per year per 1 km of
water distribution pipe, and the unit is expressed as (m?® / day - km - year) or (m? / day /
km / year).

Prevented
amount

~
Prevented g
amount

Restored Amount

- . ot being
(myd) - restored
] Remaining Remaining
leakage leakage i
2 ‘—;. - Period (Year)
At the end of At the end of Present time
the last work previous work
Number of years of eycle Number of years in Progress

Source: (Water leakage survey for practitioners: From planning to implementation 1995, JPRC

Figure-8 Concept of Leakage Recurrence
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water), but the maximum flow is recorded during the day when demand is high.

Judgment criteria of pipe line deterioration is judged based on this nighttime minimum

flow rate.
F s X closed X
vea time of vnter sugply
{free time)h U “
. Gate Valves Gate Valves
State !—1 Lsfhnun?r
o i water supply = L ‘j
[ s
use [ —
H
§ —— Time
H
Flow i
Tt i HH
! Minirmum Flow closed
Rate =Water
l : [/-LH,MF‘ * I—— - . Lpaia ¢

Gate Valves

—— Time

Gate Valves
hydrant
X X dlosed X

Figure-9 Example of water use "free time" and variation in the minimum night flow

AGOSTINO Qmnf 23:29 12/07/2018-1:44 13/07

ma/h

l(-.«.-a.\. -

Source: NYAHUWASCO 2018, August.

Figure-10Example of Flow variation in the Minimum Night Flow (MNF)

5-2 Conduct Survey of Underground Leaked Water by Leak Detectors
(For details, refer to Textbook-5)
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5-2-1 Type of leakage from pipeline
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There are two types of water leakage from pipeline

There are two types of water leakage from pipeline

Table-16 Comparison of Surface leakage and Underground leakage

Items

Surface leakage

Underground leakage

Classification of

magnitude of

If there is a large amount of water leakage, it

is easy to go to the ground surface.

Small amount leakage is likely to be

underground leakage without going to

leakage the ground surface.
Geological Clay and loam are easy to go to the ground | Sand and the like are prone to
condition surface underground leakage

Pavement, sewerage

ete.

Leakage is easy on the ground surface in areas
not equipped with high-grade pavement and

sewerage

Underground leakage is likely in areas

with high quality pavement and sewerage

Impact on leakage

rate

Although the number of leaks is large, it is
discovered early, so the duration of leaks per

case is short, and the number of leaks is large.

Although the number is small, it is
difficult to find and there is a tendency for
leakage, accumulation and growth for a
long time. The scale of leakage is small to

medium and various

Type of damages

It causes direct damage such as road collapse,
sediment runoff, traffic problems, house
flooding, road surface freezing, sewage

suction, etc.

Indirect economic damage such as loss of
water volume, yield loss, water pressure
reduction, sewage suction (water
pollution), damage to the foundation of

the facility, etc.

5-2-2 Characteristics of surface leakage

(1) Utilization of leak detection technology

The application of exploration technology is not particularly required as it is easy to

find / identify the location of the leak.

(2) Water quality test

However, it is necessary to determine whether it is potable water supplied by WSP

by the chlorine color identification test of the water leakage source.

(3) Scale of damage caused by lost water

The amount of leaked water on the surface varies depending on pipe diameter / water

pressure, but tends to be as follows.
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D In the case of large diameter;
Runoff loss of large-scale tap water causes damage such as flood / sinking of
roads, but the frequency of occurrence of water leakage accident is small.

(2 In the case of small diameter
Many small amounts of water leakage occur at junctions from water
distribution pipes and water service pipes. etc., but detection is easy.

When repair work is carried out quickly, the amount of water loss is small.

5-2-3 Characteristics of Underground leakage
(1) Utilization of leak detection technology
Because it is difficult to detect and identify underground leakage, conducting
leakage investigations by combining exploration techniques will increase the
number of leakage detections.
(a) Pipeline Locating / Tracing equipment
(b) Leak detection equipment
(c) Flow rate measurement equipment

(d) Pressure measuring equipment

(2) Water quality test
However, it is necessary to determine whether it is from potable water supplied

by WSP by the chlorine color identification test of the water leakage source.

(3) Scale of damage caused by lost water
The amount of leakage of underground leakage varies depending on pipe diameter

/ water pressure, but tends to be as follows.

(a) large diameter
Large-scale, high-pressure underground leaks cause large-scale surface
leakage, but this causes ground subsidence and causes roads to collapse.
Underground leaks that do not lead to above-ground leaks cause
infiltration into sewage manholes and/or generation of spring water due
to natural flow downstream, but it is difficult to detect this phenomenon

early.

(b) Small diameter

Although a large number of small leaks from water distribution pipes /

#20-36



Introduction to Rehabilitation Plan of Piping Network (Draft)

2019 July

water service line are generated, it is difficult to detect, leaks continue for

a long time, and the amount of lost water is said to account for 60 to 80%

of the total leaked water.

NOTE: Suggestions for regular water leak investigation
In order to confirm the existence of underground leakage early, it is desirable to conduct

a general leakage survey periodically (3 to 4 years / time) with Leak detectors by zone.

5-2-4 Example of exploration equipment used in water leakage survey

(For details, refer to Textbook-7)

The basis of the specific investigation of water leakage occurring in the water

distribution area is the detailed investigation (point detections) of each piping

network sequentially from the wide areas (surface detections).

Table 17 Concept of water leakage survey

Classification Purpose of survey Equipment used

(A) Calculation on leakage volume / NRW rate in medium | Flow meter at distribution pond
Surface blocks (Electromagnetic flowmeter, etc.)
detection Calculation on leakage rate / NRW rate in small blocks | Portable flowmeter (Ultrasonic)

(B) Survey of identification leakage location at Stop-cock | Acoustic noise detectors (Acoustic rods,

Line detection

/Valve

electric acoustic rods, water leak

detectors, etc.)

Survey of identification leakage point on pipeline

Leak noise correlation, sonic type
pipeline detectors, impact wave type,

underground radar, etc.

©)
Point

detection

Acoustic survey of leakage on water service pipeline

Correlation surveys and/or acoustic

surveys

Acoustic survey of leakage on stopcock / meters

Acoustic nose detectors

Final confirmation survey of water leakage place

Visual inspection, boring bar, trial

excavation
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Medium-size block

. ; (C) Points detection
(B) Line delecllun/ Small-size block

(A) Surface detection

(in #9 DMA)

(in #9 DMA)

@ Locations of fire hydrant /valve
DMA 1-9 valve where abnormality was found Valve

Points of leakage
(Water supply Area) ¥ e

O Locations of fire hydrant /valve
without abnormality

= Pipe-lines that needs investigation

Figure 11 Concept of how to identify leak location

5-3 Conduct of Specific Investigation of Leaked Quantity (Remaining Leakage / Restored
Quantity) and Leaking Points (For details, refer to Textbook-7)

The outline of the survey procedure is shown below.

5-3-1 Step-1 (Extraction of leaking pipe networks)
Extract the piping network with a large amount leakage from past information analysis.
(a) Areas / piping networks where NRW are high,
(b) Piping routes with high leakage frequency,

(c) Piping routes with high water pressure,

5-3-2 Step-2 (Measurement of inflow / water pressure of each block)
Measure the flow rate / water pressure of the piping network continuously for a long
period of time, and automatically measure the minimum daily water volume and
water pressure.
If the amount of leakage is relatively small, install a bypass pipeline on the water

distribution line and record the small flow rate & water pressure automatically.

NOTE;
From the daily minimum flow rate and measured water pressure, estimate the

amount of water leakage in each block.
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5-3-3 Step-3 (Narrow down a search area leaking pipelines by Step test)
The step test is a survey that divides the main water distribution pipe route (block)
into smaller parts, measures / compares the nighttime minimum flow rate of the small
blocks in order, and identifies the water leakage area in which small pipes are

leaking.

Bypass line & Flow meter

5-3-4 Step-4 (Check of water leakage point)
After the leak piping line is identified, and the leak occurrence point is determined.
(1) Leakage survey with equipment to be used
(D Listening stick / digital listening stick.
@ Time integrated type leak detector
(3 Road surface digital noise leak detector, others

(@ Leak noise correlator

#20-39

Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

! Maximum Sensitivity gt »@,
rall ] al

534

(2) Confirm the leakage point with equipment to be used
(a) Bowling equipment (electric drill, hammer drill, boring bar),
(b) Listening stick / digital listening stick, others
(c) Road surface digital noise leak detector
(d) Leak noise correlator, Metallic pipe locator/Metal locator

(e)Reagent of Residual chlorine (DPD). tool. Survey vehicles, others

Drilling work Boring work Confirmation work

Source: JICA-Nagoya City Edit NRW Textbook
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) Low

Leak Noi
Land Surface AR

Source:Yokosuka city WWSB Working on Paved roadway

(5) Step-5 (Implementation for improvement work)
Renovation and improvement of distribution pipes will be carried out where the

location of water leakage has been identified.

(6) Step-6 (Implementation of measurement of remaining leakage)
Immediately after completion of the improvement work, measure the amount of
leakage (remaining leakage) and compare it with the amount of leakage

(remaining leakage) before improvement to calculate the amount of prevention.

(7) Step-7 (Determine the priority of improvement work by grasping the relationship
between restored amount and recovery period)
If the amount of leakage (the amount of residual leakage) is periodically measured
each year, the amount of increase in leakage (restoration amount) can be grasped
in time series.

This data will help to develop an optimal update plan.

5-4 Evaluation of a Prevention Workload and Economic Efficiency
As for the leakage prevention work item, the amount of work will be large depending on the
extent to which the current NRW occurrence cause is known.
As the amount of work increases, collected data increases, but the cost also increases.

In addition, since water leakage increases daily, the data gets older with time, so it is more
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practical to repeat the minimum survey in line with the survey purpose.

5-4-1 Implementation of initial survey

In general, the water supply areas will be divided, and the survey will be conducted

according to the decision of the prior leakage area according to the implementation

budget.

The following is an example of a simple leak investigation item.

Table 18 Example of the Contents of Simple Initial Survey

A) Work contents

(DTarget area; Residential area (mainly listening to
music, L =150 k m +50 k m)
(@Number of houses: 15,000
@Survey period: 2 months
@Investigation time:
(a) Sound listening bars investigation (24 hours)
(b) Road surface hearing investigation / Leak noise
correlators (22 pm to Sam)
(c) Minimum Night flow rate measurement (22om

to Sam)

B) Door-to-door
acoustic-

survey(150km)

Investigate stopcocks and | By Listening sticks /

customer water meters digital listening sticks.

Investigate Gate valves,

fire hydrants etc.

-Mark the spot with spray.
-3 to 4 km / person / day

C) Water supply and
distribution pipeline
leak investigation (50

km)

Investigate leakage on | By Road surface digital
pipeline noise leak detectors &,

Leak noise correlators

Identification of leak locations

Measurement of restored | By flow meter

amount (leakage)

Measurement of Minimum Night

Flow rate (m*/d/km)

D) Confirmation survey of all leaking locations

By Visually and/or boring bars, etc.

E) Report submission (150km, 50km)

- List of leaking location/Address / water registration
number / customer registration number,
- Expected water leakage,

- Create a drawing showing the position
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5-4-2 Survey cycle years and Economic

The relationship between the contents of the leakage survey and the cost is shown below.

(1) In general, if the number of circulation years is long, the survey distance of one-time / year
will be shortened and the cost will decrease, but a late detection can increase the amount
of leakage

(2) Conversely, if the circulation period is shortened, the cost will be increased, but early

detection can reduce the amount of leakage.

(3) Calculation method of economic circulation years,
Therefore, it is preferable to set a circulation period in which the sum of the leakage

prevention work cost (X n) and the leakage loss cost (Q n) is minimized.

NOTE; Evaluation method:
X n+ Q n = minimum value (Shs)
Here;
X n: One-year leak prevention cost during X-year circulation

Q n: One-year loss cost during X-year circulation

(4) Estimation of average circulation years
Generally, the average number of cycles is set within 4 to 5 years, and the priority district
is set within 2 to 3 years.
The number of circulation years will be periodically reviewed based on the results of the

survey.

5-4-3 Judgment example Whether additional investigation required
Based on the Minimum Nighttime Flow (restored amount) results obtained in the
preliminary survey, an additional water leakage survey plan that takes into account the
economics is required.
In addition, in order to decide whether or not to carry out rehabilitation work, it is
indispensable to set the allowable leakage amount to formulate the improvement plan.

(Described in the next Item- 6)
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Table 19 Evaluation Example of Judgment Level of Leakage

Results of Minimum Night flow Allowable

Rank Determining the need for additional research
rate leakage
A | 12m’/d/km or less 12m*/d/km or | Do not conduct survey work
less Focus survey on pipelines & door-to-door

B | 12m%/d/km~24m%/d/km or less
survey by acoustic-survey.

Focus survey on pipeline door to door by
C | 24m’/d/km ~50m?/d/km or less combination of acoustic and Leak noise

correlators

Focus survey on distribution pipeline by
D | 50m*d/km and more combination of sounding survey and leakage

use of flow meters

Source: Prevention of leakage in water pipelines manual, Yokosuka city WSB, Partial edited

5-5 Confirming the Cost Effectiveness on the Survey
Benefit effects including leakage survey costs and economics are assessed in the

following manner.

NOTE; Benefit effect should be greater than the total investment cost.

Total investigation cost (Shs) < Benefit effect (leakage prevention cost (Shs) + social

benefit of improvement of living environment)

Investment Cost _ ,
Saving water / Money

gﬁ ) Improved Living Enviroment
Ksh

"Ksh %

Table 18 Image Showing the Evaluation of Investment Effect

6. Items to Consider for Formulating an Improvement Plan
6-1 Purpose of Formulation of Improvement Plan
If the improvement work of the aging facilities is slower than the aging rate, declines in
water supply service, increase of customer complaints, rise of water rates, deficit
management, etc. occur, and the water supply company raises "mission of philosophy /

motto", It will be difficult to achieve.
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(1) General improvement goals
@ Safe / stable water supply level improvement
@ Improvement of water supply financial income
@ Business management sound
@ Extending the useful life of the facility

® Improvement of technical skills for maintenance, etc.

(2) Ttems to be considered
@ Setting of non-revenue water rate (%)
@ Setting of allowable water leakage (m3 / km)
@ Setting criteria of priority
@ Confirmation of improvement / update construction method

® Securing a budget

6-2 Points to Keep in Mind
6-2-1 Setting NRW rate (%)
Realistically, set the "non-revenue water rate" from the "reduction amount"

that can be reduced "within budget"

6-2-2 Setting allowable water leakage
(1) Overview
That is, in the case where the water leakage rate is promptly improved, the
allowable water leakage amount is suppressed to a low value (for example,
the pipe extension distance is set to 30 m3 / day / km or less).
In practice, it is important to set “small” in stages, taking into consideration
the amount of water leakage at present.
(2) General trends
(a) If there is a large allowable amount of water, the leakage reduction effect
will be small, but the reduction investment will be cheaper.
(b) If the allowable amount of water is small, the leakage reduction effect is

high, but the reduction investment amount will be high.

(c) Examination of set value by objective judgment
+ Set from the "reduction amount" equivalent to the "expected budget
equivalent to the benefit amount"

+ Set from the amount of water that can ensure the shortage of water.
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+ Set from the amount of reduction expected after the improvement of
leakage pipeline.
(3) Evaluation method
The evaluation method is shown below.
@ Leak amount per day per 1 km of distribution piping (m3 / day / km)
(@Water leakage per hour (m3 / h / km),etc.
(4) Example of setting allowable water leakage (in Japan)
The concept of setting is shown below.
(DAbout 20 to 10% of total leakage (0.5 to 1.2 m*/ h/ km).
(@15m?/ day/ km with water pressure 2kgf / cm? regardless of pipe diameter
(@14 m?/ day / km per water distribution pipe

6-2-3 Priority setting
The results of water leakage prevention will immediately appear in the
management index if the aged pipe is actively improved.
However, due to financial limitations or construction capacity constraints, priority

will be determined and implemented.

The following is an example of priority evaluation items.
@ A pipeline that can expect investment effects (cost-effectiveness)
@ Importance of facility
@ Deterioration level
@ Leakage amount
(® Hydraulic condition / piping laying condition
©® Distribution pipe with deteriorated water supply service (Water pressure /
water volume / water quality)
([@]If a water leakage accident occurs, the pipeline where the disaster will
increase
(®Pipelines with frequent illegal connections, etc.

Table 20 Setting example of management target values / indexes

Nos Items 2018 (eg) 2019 2020 Targets/indexes Remarks

1 Population water supply 58% -
dissemination rate (%))

2 Dissemination rate of water 86.9 - -
supply district (%)

3 Non-revenue water rate (%) 46.0 - - -

4 Water meter dissemination 75.0 - - -
rate (%)

5 Water leakage rate (%) 24.6 - - -

6 Accounted for water rate (%) 532 - - -

7 Commercial loss (%) 16.6 - - -
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6-3 Examination procedure of rehabilitation plan Table 21 Example of Useful Life of Distribution Pipeline Facilities

The survey procedure for creating an effective improvement plan is shown below.

6-3-1 Evaluati fS Results (Water Leak: Piping Route, Service Life of (Sowrce: J:‘;(" :m::r::: reviewed) R e e
-3-1 Evaluation of Survey Results (Water Leakage, Piping Route, Service Life o e e T
ope Btermational .
Facility) Legal Staudards Expected life | Femamcial Reporting Am;’:“:m‘ Nyaborum Nakuru
Stndards (IFRS)
The following analysis of prior information is required. __ Costironpips ER  —
Dwictile cast inon pipe G0~ 50
(1) Survey of distribution pipes Steel pipes (welded joint) 0
Steel pipes (fange joist, 0
- T . . . S
@ Piping strength / cause of pipe line with reduced function (pipe type, age, s o =
. | 0 -~
number of accidents, etc.) ,M e
Palyethylens pipes
— zat Risdot | &0
@ Leakage amount ;
@ Pipeline where water pollution occurred fothers) ] 2
‘Seninbess pipes 40— 60
@ Pipeline where water leakage has come back. et w0 24100
. . . Dhistribustion water 2
® Scale of pipeline to be improved pipelimeitthers) ;i
Diatrsbaticn pips stachmeat | n
. . N . . . . fncil | 5
©® construction site (pipeline where improvement work is difficult) e ‘_‘_';_:':E';'_'P?’_'"? 1 I %
Valves | 30 10~40
Halk Flow meters [ 15~20
. . Custonser Water meters 8
(2) Water service pipe e b
(D Cause of lack of strength in the pipeline
@ Cause of decreased water supply service (flow, water pressure, water
li Evaluation of preliminary leakage survey results
qual ltY) Evaluation of leakage coutrol work (Leakage volume, leak pipe route, useful life, eic.)
® Identification of water supply areas with many leaks. . R Ttk o i
@ Scale of pipeline to be improved ‘7“:""'.:":"" ::‘_‘“"""‘?'m‘::m":
® Construction site (pipeline where improvement construction is difficult) The road is wide cnough | 4 . j ] et
T . Classification of lmportant
blocks(Extraction of target
plpeline to be improved)
If multiple old water service pipes are installed, they will be integrated to “NO Few m:oainiggmycm 7 Have ymlnnchcn! n:.- useful
= Anxiety abot str i Is there strength?
simplify the pipeline. M
[ Not reached yet | YES enough strength l o Are there
Is there a water flow capacity” | Sufficient roblems
(3) Useful life of the facility YES | quatiy
b v standards?
Facilities that have reached their useful lives are subject to rehabilitation plans. [C.mm. oTupdaie, expruion and roule m.l,.,| NO
methods *
= L] L] NO
Plan for route Update Expantion
change advantage advantage L +
5 Expansion Comparison of ilitation and rei methods l
Update plan plan (f i faiion) .‘flormal
L J L -
¥ x x Reinforcement advantag Partial reinforcement e
I Laying new pipes |
|_ Create amual plia Insufficicnt
Sufficient v
| Development of | < ﬁu review |
| basic ;Lm

Figure-19 Procedure of Rehabilitation Plan for Distribution Pipeline
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6-4 Improvement method of pipeline
The features of the improvement method are shown below.
(1) Update (replacement to new pipe)
- It is effective for measures of the pipeline which has a large amount of water leakage
chronically (planned improvement can be implemented)
 Long-term construction work
+ Water leakage can be prevented for a long time (NRW reduction effect is high)
* Measures cost will be high
(2) Rehabilitation (reinforcement of old pipe)
* Same as above
(3) Partial repair / partial replacement
+ Effective for sudden surface leakage control (implementation of immediate
improvement)
Short-term water leakage stop work
+ Temporarily improve (NRW reduction effect is low because leakage occurs
immediately in other areas)
* The cost of measures is cheap
(4) Change of piping route
« Effective for pipeline measures where improvement work is difficult (Conduct
systematically)
+ Long-term construction work

+ Long-term leakage can be prevented (NRW reduction effect is high)

6-4-1 Rehabilitation method by replacing with new pipe
This improvement method is most often adopted.
The method is divided into open cut method and Non-open cut method.
These construction methods are determined from the viewpoint of site conditions and
economy.
(1) What is the open cut method?
(a) This method digs from the ground and removes old pipes and restores all
functions by installing new pipes.
(b) With this method, except for special cases in the field conditions, it can be
installed reliably without choosing the type of pipe.
(c)The piping materials frequently used are shown below.
- Type of Metal pipe ~ (Steel pipe. Cast iron pipe)
- Type of Resin pipe (PVC pipe, Polyethylene pipe, Polypropylene pipe)

* Stainless pipe
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NOTE, Confirmation of product specifications
The caliber / product specification will vary, t is desirable to contact the

product catalog directly with the company.

(2) What is the Non-cutting method?
(a) In this method, a new pipe (steel pipe / resin pipe) is inserted into the existing

underground old pipe to improve the function of old pipe.

serte Vertical | New
Inserted shaft Existing pipe pipe Vertical
I | | f

New pipe ;—‘ shafl |

E -Sl.ﬂge RS —“:inc".._

Existing o Il

old pipe movm[F

" Backfill mortar

Figure-20 Image example of the method of inserting new steel pipe

(Pipe in pipe) (800mm or more)

Figure-21 Image example of the method of inserting new Shrunk pipe (800 mm or more)
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6-4-2 What is the rehabilitation method by reinforcement?
This method is a Non-open-cut method to improve the deteriorated function by

inserting a resin-based reinforcing material (linings) into the underground aged pipe.

Newly made

O amad braken pipe Ppe

— - Existing pipe

Resin

-

(&350~ 1100 mm)

Figure-22 Image example of covering material insertion method

.+ Winch . _ Electricity generation
«+Mortar supply hose ~ Mortar THIXer™ = m _Lining

Lining machine

Finishing plate &1 _ = :
Mortar ﬁxﬂshe&:r_h Mortar carrier Lining machine

Small diameter (300mm or more) Large diameter (300mm or more)

Before mortar lining After mortar lining Epoxy resin inner surface coating

Figure-23 Image example of coating method (¢300~2000 mm)

6-4-3 Partial Repair Method (Replacement)
Partial repair is effective as a temporary emergency measure (temporary repair).
In particular, there is no significant deterioration in the pipe body, and the cause of

water leakage is deterioration and/or damage of the joint and/or packing.
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Replacement is performed to prevent water leakage or to partially repair the pipeline to

cope with the problem.

6-4-4 Modification Method of Piping Route
This method is effective for pressure management, stable water supply, and leakage
reduction measures by changing the piping route with new pipes.
In particular, the pipeline is covered with a building, and the topography of the
installation is changed, and it is often applied to a place where it is difficult to improve

by the ordinary improvement method.

6-5 Metal Pipes
The Corrosion of metal piping is the cause of NRW due to the occurrence of underground

/ ground leakage from the pipe network.

The method of suppressing the occurrence of this corrosion is shown below.

@ Use corrosion resistant piping materials.

@ Regularly take measures to prevent metal corrosion on the inner and outer
surfaces.

(® Regular removal of deposits in piping (natural corrosion, bacterial corrosion)

@ Carry out early repair work so that corrosion does not progress with a small
amount of water leakage.

® pH neutralization of buried soil, etc.

In this chapter, we discuss the mechanism of occurrence of corrosion and

corrosion protection.

6-5-1 Influence of metal corrosion on water distribution pipes
The influence on the "rust" generated on the inner / outer surface is shown below.
@ Physical loss (NRW) due to occurrence of water leakage increases.
(@ Decrease the diameter of the inner diameter of the pipe and the roughness
coefficient.
As aresult, stable water supply (water volume / water pressure) and stable
water quality (red water generation) become difficult.

® Physical strength decreases with decreasing wall thickness.

As a result, the deterioration of the pipelines and the risk of occurrence of
water leakage increase, the function of the water distribution network

declines, and the possibility that the water supply service decreases.
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@ The service life of the facility is reduced.
As a result, the renewal time of the facilities becomes earlier, and also the
maintenance costs are increased, so the water charges are reflected in the

increase.

6-5-2 Mechanism of occurrence of corrosion
(1) What is rusting (corrosion)?
The corrosion of the metal material is the action of the metal in an attempt to
return to the ore (oxide) before refining, and in particular, the metal body
buried in the ground is strongly affected by the action of this natural

corrosion.

That is, corrosion is a phenomenon in which metals are chemically attacked

by the action of the environment and return to nature

Iron products

1500 °C o / \
e, Release energy
Smelting
Amount of ﬁ Corrosion u
heat energy : . /

Iron ore (iron oxide)

O~ Rust (Iron 0x1de)
Return to nature

= Hours (years)

Figure-24 Image figure of process that refined steel gets rusted and returns to nature

(2) Progress rate of rust
The corrosion rate of common metal tubes is predicted to be 1.0 mm / year.
An example of evaluation of the corrosion rate is shown below.

Table-22 Corrosion (rust) Speed and Rating

Thickness reduction Judgment
Corrosion (rust) | 1.0 mm/year or more It cannot be used for most purposes
speed 0.0lmm/year or less It can be used for most purposes
0.01 mm /Year or less It can be used for aesthetically purposes

NOTE What is corrosion protection technology?
A general anticorrosion technology is a method of blocking the corrosive substance by

coating (coating, plating) the surface of the metal in order to reduce the corrosion rate to
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1.0 mm / year or less and approach 0.01 mm / year.
In addition, it can be said that using a material with excellent corrosion resistance is also

a corrosion protection method.

6-5-3 Occurrence of corrosion due to destruction of oxide film (self-protective film)
The surface of the metallic material placed in the atmosphere is an ultra-thin film (2
to 5 nm thickness) of any material (Transparent metallic luster).

This ultra-thin oxide film protects the metal surface from corrosion.

(1) Corrosion that occurs under high temperature (Dry corrosion)
Dry corrosion is corrosion that proceeds in the absence of water at high
temperatures (high temperature corrosion).
This is a corrosion phenomenon in which a metal directly reacts with a reactive gas
such as oxygen in air (in the absence of water) to form a solid film of a reaction

product (oxide) on the metal surface, and the corrosion resistance is high.

For example, the surface of polished iron placed in the air (including oxygen) grows
in thickness of oxide film (black color) as the temperature is raised (several hundred
degrees Celsius).

When the temperature is high and the oxide of iron exceeds 500 nm, a high

temperature oxide film (30 to 500 nm) called scale is formed.

(2) Corrosion that occurs in the presence of water (wet corrosion)
Wet eating is corrosion that assumes the presence of water
The presence of water (Including materials related to corrosion reaction such as

oxygen / acid etc.) is essential for corrosion occurring at normal temperature.

In particular, since the inner / outer surface of the water distribution pipe is used
in the presence of water / the presence of moist soil, corrosion due to

electrochemical action occurs.
(3) Classification by type of corrosion  (Refer to Figure-25)

The general classification of occurrence of corrosion is shown below.

Table- Classification by type of corrosion.
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General soil comosion
= High e | Microcell corrosion Special _50!1 conu.slcn
corosion [ High temperature comosion | Naral Bacterial comrosion
cormosion
(1) General corresion Concrete and soil corrosion
Crevice corrosion NBaiGEHE Cokali Oxygen concentration (air flow
Pitting corrosion Condsion com difference)
(A) Not accomy by corresion, Galvanic corvosion ) Dissimilar mefals
Metal cracking i
(2) Local corrosion E h .
Wet Otlers Electric Railway’s vagus current
corrosion i sal di :
o W 5 e ik Stress comosion eracking COMosion Potential difference interference
impact on mechanical Hyd I . v facility desi deli dified
properties) Corrosion fatigue Source: Water supply facility design guidelines 2000 modifie
(3) Comosion due to Erosion comosion Figure-26 Classification of Corrosion Occurring in Buried Pipe
velocity (direct influence on Cawvitation cormosion
mechamical propertics) Fretting cormosion
Source: "The Story of Rust” Japanese Industrial Standard 1993 (5 ) Main cause Of Corl‘osion
Figure-25 Classification by Type of Corrosion The factors that cause corrosion in laying piping are related to one another in a
complex manner by several factors.
(4) Classification of causes of corrosion occurring in buried pipes (Refer to Figure 26)
Generally, the corrosion that occurs on the inner and outer surfaces of the water Table-23 Example of Main Factors Cause of Corrosion
distribution pipe is natural corrosion. Location Outer surface corrosion Inner surface corrosion
Causal factors *Dissolved salinity *Water temperature,
Natural corrosion *Water / wetness * Water quality
Natural corrosion is electrochemical corrosion. *pH (Electrical conductivity, chlorine /
The cause of natural corrosion is the contact between a minute foreign metal attached *Soil particles etc. turbidity, pH)
to the metal surface and the soil, electrochemical corrosion such as minute local cell * Flow rate
action (potential difference), and anaerobic bacteria (sulfate reducing bacteria), Very + Sediments
small corrosion (0.1 mm /y). *Bacteria, etc.
The corrosion first causes small pitting (Pitting pin holes) on the surface of the metal,
and corrosion (microcell corrosion) proceeds inside the metal. (6) Occurrence of corrosion
In addition, electric corrosion (macro corrosion) due to electric corrosion due to stray The occurrence of corrosion (rust) is shown below.
current from train rails and generation of a potential difference due to PH difference -There is a yellow product on the metal surface.
between concrete and soil grows with time. -There is no product left, but the metal surface is broken down (melted).

-The metal surface is broken by large and small corrosion holes.
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(7) Several examples of corrosion mechanisms
Ground -« ~
Ed & & Ed
Occurrence of - . Corrrosions
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R Tt - .
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Corrosion products

\
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(a) Sulfate reducing bacteria
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6 asgasny

o 2 Concretes” J o5,
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Table-24 Relationship between pH Value of Soil and Levels of Corrosion of Iron

pH value Degree of corrosion
4.5 or less Acidity Very comosive
45t 6.5 Mild acidity Comosive
6585 Neutral or slightly alkaline Non-comosive
8.5 or more A lkalinity Unknown

Source: Japan Ductile Iron Pipe Association Technical Data (JDPA T 11)On the Corrosion Gain of Buried

Pipeline and Its Corrosion Protection

6-5-4 Example of corrosion rate

(a) External corrosion due to soil pH

The example of the corrosion rate by the change of soil pH is shown below.
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Source: Japan Ductile Iron Pipe Association Technical Data (JDPA T 11)

Figure-31 Corrosion Depth Prediction (cast iron pipe)

(b) Internal corrosion due to water flow

(DFor dissolved oxygen, the corrosion rate of metal tubes at neutral pH water
differs depending on the amount of dissolved oxygen.
When the amount of dissolved oxygen is high, the corrosion rate of iron

decreases.

(@As for the water temperature, the corrosion rate rises to 80 ° C, but at higher
water temperatures, the rate of corrosion decreases because the amount of

dissolved oxygen decreases.

(@ As for the flow rate, corrosion increases as the flow rate increases because
the concentration of oxygen supplied to the metal surface increases.

However, when the flow rate is further increased, the corrosion rate is reduced,
but the oxide film and the corrosion products are mechanically broken and the

cavitation is damaged.

(DIn the case of hard water, the higher the concentration of calcium carbonate
(Langelier’s index) on the inner surface of the metal pipe, the less the
formation of red water due to corrosion because a sediment layer is formed

on the inner surface(scale formation).
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Source: Japan Ductile Iron Pipe Association Technical Data (JDPA T 11)

Figuer-32 Relationship between dissolved oxygen concentration and corrosion rate

(cast iron pipe)

6-5-5 Definition of Corrosion Rate
When a water leakage accident occurs, there is a method of calculating the rate of
corrosion as a standard to determine whether the cause is microcell corrosion or

macro-cell corrosion.

Thickness reduction (mm)

Formula .... Corrosion rate (mm / Year) =
Buried age (years)
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Table-25 Example of Various Anticorrosion methods and Applicability

By diameter Medium and large diameter pipes S“‘a]:,:::’“" Cast iron pipes
. X Inside Outer surface Inside Inside Outer surface
Cormosion protection method =
Water supply Underground | Water service | Water supply Underground
iouid ) F 1 Excellent cell
Liquid epoxy coating Excellent (3oopm) | Excellent
Coal tar epoxy coating Good - — Excellent |  Excellent
Vinyl chlonide lining - - Excellent - | -
. e Excellent (2.0-0.5 Excellent
Polyethylene powder sintered linir - - -
yetny! I e mm) (0.3~0.4 mum)
Acrylic resin lining Excellent = | —_
Montar lining Excellent — = Excellent Excellent
; . : " OK (550-600g/m” Good(550-600g/ |
A lating(G red steel — ) = wa
Zinc plating(Galvanized steel pipes) or more ) ! N
o 2 = Excellent = e =
Asphalt Vinylon cloth coating (3.0-7.5 mm)
Coal tar Etemel glass cloth coating = bsccllent - Excellent -
= 2 (3.0-7.5 mm)
Polyethylene coating - Excellent - - Excellent
Polyurethane coating = Excellent == == Excellent
Electric corrosion protection — Excellent = - -
Coating and electric corrosion .
> 2 - Excellent - - ase
protection

NOTE; Judgment index for corrosion condition

Declare 0.03 mm / year or more as macro-cell corrosion

Source: Pipe and Environmental Survey Manual

6-6 Countermeasures Against Corrosions
Corrosion protection is a means to slow the rate at which metal pipes return to their natural

state (Refer to Figure-24).

6-6-1 General Corrosion protection methods
(1) Method of coating the surface of metal to block the contact of corrosion factors.]
D Painting / coating method

Feature

(a) It is a commonly used anticorrosion measure.

(b) The inside and / or outside of the metal tube is protected by coating or covering

materials.
(c) The on-site painting operation should prevent the occurrence of pinholes that

may cause deterioration / corrosion of the coating.

#20-59

NOTE: Selection of type of paints
Because there are many types of paint used for corrosion protection and also the required film
thickness, it is desirable to select the specifications by referring to the opinions of specialized

manufacturers.

@ Method of galvanizing inner and/or outer surfaces
Feature
Galvanization is impervious to oxygen and water and has good adhesion to iron.

Corrosion rate of zinc plating is very low

Table-26 Erosion Rate of Various Metallic Materials in Natural Environment

(mm / year)

Environment Copper Zinc Aluminum
Atmosphere (industrial zone) 0.002 0.005 <0.001
Sea water 0.015 0.015 0.002
Buried pipe (soil) 0.003 0.015 <0.001

Source: Japan Standards Association "Story of Rust" 1993
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(2) Methods using resin tube with excellent corrosion resistance (e.g. PE Pipe, PVC pipe)
Features:

No need for plating and painting.

(3) Method of using metal with excellent corrosion resistance (e.g. SUS, titanium pipe,etc.)
Features:

No need for plating and painting.

(4) Electric corrosion protection (External power supply method, current anode method,
stray current corrosion discharge method)
Features:
Characteristics: The corrosion protection can protect metal piping where paint and

plating cannot be performed.

6-6-2 Introduction of Electric corrosion protections
(1) Principle
In non-ferrous piping buried in the water or in the ground, current flows out in the process
of "rusting" to form a corrosion circuit.
According to this principle, if current flows from the ground to the buried pipe through
the anode plate (zinc, magnesium, aluminum, etc.), the anode plate is consumed, but no

corrosion occurs because no electrical displacement occurs in the piping.

Figuer-33 Principle of Electric Corrosion Protection

(2) External power supply method
A common AC power supply is converted to DC with a DC power supply, and corrosion
current is supplied from the underground anode electrode to the piping.
It is used for anticorrosion measures of relatively large equipment.

In addition, power supply is necessary,

#20-61
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currents

Anodes e ——————— -— Buried pipe

Figuer-34 Principle of External Power Supply Method

(3) Current anode method
This is a method of generating a corrosion prevention current by utilizing the
potential difference between an anode metal body (Al, Zn, Mg) softer than a buried
steel pipe and a dissimilar metal generated in the buried pipe.
Anti-corrosive objects are mainly used for anti-corrosion measures of relatively small
equipment.
Although the power supply is unnecessary, the anode plate is consumed, so regular

inspection is necessary.

Triminal bea

Curvent sosde method

Figuer-35 Principle of Current Anode Method

(4) Stray current corrosion
At the place where the underground piping is electrolytically corroded by the
leakage current (stray current) from the DC rail, a selective return rectifier that
returns the leakage current to the rail is connected to the rail to prevent the

electrolytic corrosion.
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Figuer-36 Principle of Stray Current Corrosion Protections

7. Non-ferrous Metal Pipes (Synthetic Resin Pipes)

7-1 Overview
A nonferrous metal pipe is a pipe made of a material (eg, stainless steel pipe, synthetic resin
pipe, concrete pipe, asbestos pipe, etc.) and is defined as excluding steel pipe / cast iron pipe.
In recent years, among non-ferrous metal pipes, synthetic resin pipes (eg, PE, PVC) are
frequently used as piping materials having physical strength and suitable for corrosion
prevention.
In addition, if the asbestos pipe is used for a long period of time, its physical strength

deteriorates, and it is likely to cause a water leakage accident due to damage.

Figuer-37 D ged Asbestos: t Pipe
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7-2 Classification of Synthetic Resin Pipes
The Synthetic resin pipes used for water supply are manufactured from thermoplastic resins
(which soften when heated) as polyethylene (PE) pipes, unplasticized polyvinyl chloride
(uPVC) pipes, and Polybutene (PB) pipes etc..

(1) Features
@D No rust or electrolytic corrosion.
(@ No water pollution due to the occurrence of red rust.
® No elution of harmful substances and hygienic,
@ Low coefficient of friction and hard to scale,
® Good for construction characteristic

® When heated to the melting point, it becomes soft and can be easily formed by

piping.

(2) Points to remember
D Creep phenomenon(When stress is applied to piping, strain increases with
time)
@ Large thermal expansion coefficient /linear expansion coefficient (As
temperature rises, length and volume increase))
@ Restrictions on operating pressure and temperature conditions.

@ Deteriorated by heat and ultraviolet light,

7-2-1 Polyvinyl chloride (PVC) Pipes
(1) Chemical formula
The chemical formula of PVC is (-CH2-CHCI-) n, and in vinyl chloride, part of

hydrogen is chlorine.
The molecular structure is shown below.
H H
\ g
n C=C
;T
H d
vinyl chleride

l polymerization
AN T A Y
r-o--efi-tle-titfi-de-tonn

| [}
HOdHH HUCdHCOHO

il
or more simply ?—C‘ n = avery large integer
H d/n

polylvinyl chloride) or PVC

Figuer-38 Molecular Structure of PYC
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(2) Features

O Molecular structure is the polymerization of a basic unit in which one
chlorine is attached to a vinyl group (Amorphous resin : Molecular chain
randomly present),

@ Flame retardant and excellent electrical insulation,

@ Operating temperature limit is 60 ° C,

@ Low temperature may cause brittle fracture,

® Tt exhibits self-extinguishing properties but emits irritating gas at the time of
combustion,

® Good chemical resistance, well resistant to acids and alkalis,

(@ Very stable especially to chlorine and chloride,

Dissolves in nitrobenzene etc.,

© Relatively high tensile strength compared to other tree species,

@ PVC has soft PVC and hard PVC products,

(3) Classification of hard polyvinyl chloride
(a) Hard PVC (PVC-U/uPVC): Most frequently used for distribution pipes.
(b) Impact resistant PVC (PVC-HI)
(c) Heat resistant polyvinyl chloride (PVC-C)

7-2-2 Polyethylene (PE) pipes
(1) Chemical formula
The chemical formula of PE is (-CH2-CH2-) n, ethylene (CH2 = CH2) is polymerized,
and it consists only of C and H.

The molecular structure is shown below.

\ i
n C=cC

/ N
H H

ethylene

1 polymerization

HHMHHHHHHHHHH

n_o_c'_c'{é_c')c'_c'_c'_c'{c'_c')c'_c'—o-a

A AN
i

or more simply Cc—-C n =avery large integer
H f"l n

polyethylene
#20-65
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Figuer-39 Molecular Structure of PE

(2) Features

@D One molecular structure is the simplest form composed of a straight chain of
carbon and hydrogen (Crystalline resin ; Molecular chain is regularly present),

@ Excellent in flexibility, impact resistance, low temperature characteristics,
earthquake resistance,

(@ Absorbs water hammer pressure of water hammer,

@ Excellent compression recovery,

® Highly corrosive,

©® Very small amount, but gas permeability is observed

(@ The value of molding shrinkage is large

In oil / volatile soil, the resin deteriorates and the mechanical strength decreases,

(3) Classification of PE
(a) Low density polyethylene (LDPE)
(b) Medium density polyethylene (MDPE)
(c) High density polyethylene (HDPE)

7-2-3 Polybutene (PB) pipe

Because of its flexibility and strength, it is used in the field of domestic water supply pipes.

(1) Feature
@ Easy to install and economical
@ Excellent heat resistance (90 ° C)
® Excellent heat retention effect
@ Waste materials do not produce harmful substances such as dioxin
® Excellent chemical resistance
©® Absorbs water hammer pressure of water hammer,

(@ The inner surface of the pipe is smooth

7-3 Cause of Water Leakage in Synthetic Resin Pipe
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Water leakage occurs due to the overlap of the following causes.

(1) Mistake in material selection of joints in piping materials (occurrence of water
leakage due to age-related corrosion)

(2) Joint work error

(3) Damage due to lack of burial depth

(4) Use of mismatch of material and usage condition

(5) Use of non-quality products.

(6) Use of degraded materials due to heat / ultraviolet light due to lack of storage
control,

(7) Use of damaged pipe by lack of attention at the time of 6 transportation, etc.

7-4 Introduction to Product Standards
7-4-1 Example of PVC Pipes Quality Standards
The quality / installation of PVC pipes water piping products is standardized as follows.
(1) Example of Kenya standards
@ Polypropylene Random (PPR) pipes (KS-ISO 15874),
@ Unplasticized polyvinyl chloride (UVCU / uPVC) pipes (KS-ISO-1452 & EN
1452),
(2) Example of international standards
(Dinternational Organization for Standardization (ISO442-1~5 PVC),
(@Japanese Industrial Standards (JIS Standard),
+ Japanese Industrial Standards (JIS K 6742 to 6743),
+ Japan Water Works Association (JWWA),
+ Japan Industrial Water Association (JIWA),
* -Vinyl chloride pipe-Fittings association standards etc.
@Others
* API (American Petroleum Institute) standards,
* ASME (American Society of Mechanical Engineering) standards,
* ASTM (American Society for Testing and Materials) standards.
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* British Standards (BS),
+ India Standards (IS), etc.

7-4-2 Example of PE Pipes Quality Standards
The quality / installation of PE pipes water piping products is standardized as
follows.
(1) Example of Kenya standards
(D High-density polyethylene (HDPE) pipe (KS-ISO 4427),

(2) Example of international standards
@ International Organization and Japan Standards
+ ISO 4427 — 1996 / equality JWWA K144 ~JWWA K145
+ I1SO 4427-1-2-3-5 / equality JIS K 6761~6762
< I1SO/DIS 4427-1994 (Safety factor)
+ ISO 1167-1-2 /ISO 1133 / JIS K6778, JIS K6775(Test method)

@0Others
* WIS—4—32—13 (British Standard for safety factor)
+ CEN-TC 155 (European standard for safety factor)
- DIN 8075  (German standard ~for Testing) etc.

8. Unplasticized polyvinyl chloride pipes (uPVC)
8-1 Introduction of Resin Pipe Manufacturing Plant
A typical resin (PVC / PE) pipe manufacturing process (example Apexwater KAP Plastic Co.,
in Kenya) is shown below.
(1) Manufacturing process
The material of polyvinyl chloride pipe is added with a stabilizer / pigment to a high
quality resin resistant to corrosion, uniformly stirred, heated and extruded in an injection

molding machine.

#20-68



Introduction to Rehabilitation Plan of Piping Network (Draft)

(2) Product example
(D uPVC Water distribution pipes / water service pipes

2019 July

(@ uPVC Sewer pipes / drainage pipes / electric conduit pipes

8-2 Overview of Piping connection method (medium-sized diameter)

The main connection methods of uPVC pipes using for medium-scale piping networks are

introduced below.

8-2-1 Example of Adhesive Joints

(ND 75~150)

V side

(ND 13-50)
P
/
- { — 0
x Stopper

C side
Join with a
cast iron pipe

|
uPVC Pipe

]

——"1

(ND65-150) ,

8-2-2 Slip-in Type Rubber Ring Joints
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8-3 Details of Adhesive Bonding Method

Although this method is used in a wide range from small diameter to medium diameter, it

often causes water leakage due to poor connection.

8-3-1 Principle
Adhesive bonding is the principle of making the socket of the joint tapered and swelling
the surface of the polyvinyl chloride resin by applying a special adhesive for polyvinyl
chloride pipe and bonding / drying.
‘When the adhesive is applied to both surfaces of the pipe and the joint, there are formed
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respective swelling layers of about 0.1 mm in thickness on the surface, and the pipe is
fluidly inserted by these layers.

After insertion, the swelling layers of the pipe and the joint entangle and unite the
bonding surface, and the solvent in the adhesive evaporates and dries to secure the

bonding strength and the water tightness.

Swelling layers by adhesive: Zero point
(about t=0.1mm) (The point that a pipe contacts an inside diameter)

\ =

Insertion length

Source; A vinyl chloride pipe and joint
associntion (Technical data H17-April) (maximum)

Figure-40 Principle of Adhesion Junction

8-3-2 Adhesive Bonding Points to Remember
(1) Remove dirt (oil, water, mud) on the connection surface (outside of pipe / inside
of fitting)
(2) Remove the burrs (eq. with a trimmer) on the cut surface of the joint pipe.
(3) Be sure to use new connection pipes.
(4) Pipes are cut at right angles with a dedicated cutter.
(5) Securely insert the connecting pipe up to the stopper inside the joint.
(6) While bonding, let it stand (secure bonding time enough)
(7) The adhesive (use of standard product) is sufficiently applied to both sides

cleaned (moisture removal, dust removal) and connected immediately.
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Figure-41 Methods of Cutting and Burr Removal (PVC)

NOTE:

The fire adhesion method frequently leaks
water due to the rise of water pressure,
insufficient strength of the structural adhesion
surface, insufficient adhesion time, etc., and is

not suitable for the repair method.

8-3-3 Adhesive Specifications

Below are examples of adhesive specifications.
Table-27 Standard of Adhesives JWWA S 101)

Adhesive types Low viscosity High viscosity
. Symbols A B
Display -
Container color Blue Red
Adhesive | Pullin at 20°C , size of N After 15 min. 1.25 Mpa or more 1.25 Mpa or more
force D13 2 hours later 2.50 Mpa or more 2.50 Mpa or more
Dry weight In a 60-mm diameter weighing bottle, 10 g of the
r'vlo:: | adhesive is placed in a thermostat at 60 ° C. and 30~50% 30~50%
the loss on drying is measured every 30 minutes.
) ) ’ g . Less than 500~3000 c
Viscosity | Measured with a rotational viscometer at 20 ® C | Less than 100-500 cp P
Taste Not abnormal
Odor Not abnormal
2 /! 0.5d orl
Leachability = or e e
Turbidity 0.2 degrees or less
Organic matter (TOC) 0.5 mg / L or less
Loss of residual chlorine 0.7 mg /L or less
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8-3-4 Required Bonding Time
The adhesion strength increases as the adhesion time increases.

An example of the required bonding time is shown below.

Table-28 Result of an Examination of change of Adhesive Strength by Time (Unit; Mpa)

Nominal Diameter (mm) 25 mm 75mm 150mm
Ambient Temperature("C) 0 20 0 20 0 20
15 min. 4.66(Mpa) | 5.83(Mpa) | 1.91(Mpa) | 2.16(Mpa) | 2.16(Mpa) | 2.55(Mpa)
30min. 5.15 7.85 2.40 3.14 245 3.24
Adhesive time 1 hr 7.35 8.58 2.70 4.31 333 3.82
2hr 9.07 10.05 3.78 5.74 4.31 4.31
3hr 12.01(Mpa) | 14.96(Mpa)| 7.45(Mpa) | 7.21(Mpa) | 5.49(Mpa) | 6.18(Mpa)

Source: Hard polyvinyl chloride pipe for water supply technical data Vinyl chloride pipe and joint association H17-04

8-3-5 Performance evaluation of adhesively bonded water distribution pipelines
(1) Tensile yield strength / molecular distribution measurement,
(2) The performance as a joint pipeline is evaluated by a water pressure test,
(3) Evaluate the adhesive strength of the adhesive (ultrasonic sensor).
(4) Evaluate degradation due to adhesive,
(5) Joint tensile yield strength test (50 to 65 Mpa @ 10 ~30 years old),
(6) Water pressure resistance test of joints (1.2 to 4.4 Mpa @ 25 to 34 years old years),

(7) Fitting molecular weight analysis measurement,

8-3-6 About discoloration
(1) Bleaching phenomenon
The surface of the polyvinyl chloride pipe is whitened by the oxidation chemical
reaction due to the rise of the outside air temperature in the natural environment
(air, pollutants, oxygen, ultraviolet light, ozone) in the hard polyvinyl chloride pipe,
thereby surface deterioration (surface layer 0.1 to 0.2 mm), and as a result, the

impact resistance tends to decrease.

(2) Black change phenomenon
It is believed that lead-based heat stabilizers used in PVC pipes react with sulfur in
the soil to form lead sulfide and turn black (about 12 um) and do not affect the
strength.
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9. Polyethylene Pipes (PE)
9-1 Introduction of Manufacturing Plant
9-1-1 Manufacturing Process
The material of the polyethylene tube is a polyethylene resin made from a low molecular
weight compound (ethylene) as a polymer base, a pigment excellent in chlorine water

resistance, an antioxidant, a weathering stabilizer, and uniformly heated after being

stirred, It is extrusion molded by an injection molding machine.

9-1-2 Classification of Materials and Product Applications of Polyethylene Resin
Polyethylene products are classified into four types according to the quality of raw resin,
reaction time, temperature, and mixing conditions of additives.

In addition, generally PE pipes for water supply use high performance (PE 100) mostly.

Table-29 Classification of Polyethylene Materials and Product Applications

N f polyethyl 5 :
e o pf:e: ERe Type of polvethylene material Product name of polyethylene pipes
L-LDPE Linear low density polyethylene Folyctinles donble-laycz pips for
S water supply
MDPE (PES0) Medium density polyethyl Polyethylene pipe for gas
HDPE High density polyethylene Polyethylene pipe for general use
General purpose high density
High-performance polyethylene polyethylene pipes
PE100
(high density) Polyethylene pipe for water

9-1-3 Composition of Crystal and Tie-molecules (Bonding/ link between crystals)
Physical properties of polyethylene (long-term creep strength, impact resistance,
flexibility, impact resistance, compression recovery property, etc.) are influenced by the

crystal structure and the "composition /volume of Tie-molecules" which bonds it
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(1) Crystal and tie-molecules structure that constitute high-quality PE pipe (eq PE100)
The conditions of the structure of a crystal and Tie-molecules are shown below.
D The higher the density of crystals, the better the strength (stiffness),
@ Tie-molecules is long and short branches,
@ There are many " Tie-molecular weights" which paste up a crystal portion
and an amorphous part (space).
@ When there are many Tie-molecular weights, long age strength (creep, etc.)

is excellent.

(2) Crystal and tie-molecules structure that constitute low-quality PE pipe (eq LDPE)
The conditions of the structure of a crystal and Tie-molecules are shown below.
D Low density crystals are easily broken and inferior in strength (stiffness),
@ Tie-molecular is short,
@ There are little " Tie molecular weights" which paste up a crystal portion
and an amorphous part (space).
@ When there are little “Tie-molecular weights”, long age strength (creep,

etc.) is poor.
@ In the past, low-carbon (LDPE) tubes containing carbon have had a history of
causing the impact resistance of PE tubes to be significantly reduced due to the effects

of chlorine water and aging, causing internal peeling, and causing many water leaks.

®The current PE 100 uses a high-density polyethylene material (natural resin), and

thus is excellent in creep resistance / impact strength / chlorination resistance.
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LDPE Pipe Image of Role of the Tie Molecules PE100 pipe

Restoration test
(internal pressure 10 kef / cm2)

Figure-42 Example of PE Quality Strength Comparison

9-2 PE Pipe Products

The general straight pipe shape is shown below (50 to 300 mm).
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(1) Straight-end Type

L 5~6m

(2) EF end Type

-

L 5~6m

Figure-43 PE Pipe Ends

9-3 Overview of PE Piping Joint Methods (medium-sized diameter)
9-3-1 Thermal Heat Fusion Joint Methods

The principle of heat fusion is to heat two surfaces to a designated temperature,
then fuse them together by application of a sufficient force. This force causes the
melted materials to flow and mix, tie molecules thereby resulting in fusion. The
joint area becomes as strong as, or stronger than, the pipe itself in both tensile and
pressure properties and properly fused joints are leak proof, and as soon as the joint
cools to near ambient temperature, it is ready for handling.

There are two types of conventional heat fusion joints currently uses in the WSPs;
Butt fusion (BF) and Electrofusion (EF).

(1) Butt fusion (BF) joint
It is widely used as a PE joint method.

This is a method in which the bonding surface is melted with a hot plate, butted and

pressure-welded. (Details will be described in item 9-5)

lement

F'ie F'ie

Figure-44 Butt Fusion Joint Process
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Butt Fusion
joints [

(2) Electrofusion (EF) joint

EF is a joint method that heats fuses-heating wires in a coupling / saddle

branching. (Details will be described in Item 9-6)

Saddle fusion and Coupling fusion

Controller
3\

1
basansh
Conneciors Cables ——— :IE ]

i \‘// 7 000 .
. [[_ P16 LA AL LL !

Indicators

Power supply
Portable
Generator

Heating wires

Polyethylene pipe EF Fittings (Couplers)

Figure-45 Electrofusion Joint Process

9-3-2 Mechanical Connections/Joints

There are many types and varieties of mechanical couplings / joints are available to

joint PE to PE or other types of pipe; PVC, steel pipe and cast-iron pipes.

#20-78



Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

i [ e

Figure-46 Example of Mechanical joint Methods

9-3-3 Others (Flange etc.)

Butt
Connection

P16
Stub Flange
e Conneetion

PNID
Stub Flange
Connection

Figure-47 Example of Flange Joint Methods

9-4 PE Pipe Standard Products
9-4-1 Classification by ISO standards
Although PE 40 to PE 100 are specified, PE 100 (SDR = 11 to 17) is often used as
pressure piping that withstands the maximum pressure (10.0 kgf / cm 2) of the
piping network when it is used as water piping.
Coloring
Color of the PE pipe is either Blue or Black.
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Table-30 Comparative Example of ISO 4427 and JWWA K 144

ard 1S0 4427 TWWAR 144
PE classification PE100 | PES0 | PE63 | PE40 PE100
Minimum required streugth (MPa) 100 [ 80 [ 63 [ 40 10.0
|Safety ratio 1.25 or more 20
Miaximum design stress value (MPa) 80 [ 63 5.0 32 5.0
SDR =6 — [ 25 - - -
15 [ 20 - 10 —
20 16 - 08 =
1.6 125 10 - 1.0
Design water |spp =136 125 10 0.8 05 —
pressire 17 = =
oy SRS 1.0 0.8 0.4

SDR =21 08 0.6 0.5 032 3
SDR =26 06 0.5 0.4 015 -
SDR =33 05 [ 04 032 - i
SDR =41 04 [ 032 [ o - -

Table-31 Material Designation and Corresponding Maximum Design Stress Values (ISO4427)

Designation Minimum qulhrne;:lrenglll (MRS) MaPsa
PE 100 10,0 80
PE &0 80 63
PE63 63 50
PE40 40 3,2

Design stress, oy, is derived from the MRS by application of the overall service (dssign) cosflicient, € = 1,25

NOTE A higher value for € can be used; for example, if €= 1.6, this gives a design stress of 5,0 MPa for PE 80 materials.
A higher valuz for € can also be obtained by choosing a higher PN class.

Table-32 Example of Dimension Table for HDP Pipe/PE100 ( ISO 4427)
Material: HDPE/ PE 100 ( Design Stress 8.0 N/mm?2 )

Wall Series
s-125 | s-10 | s-8 |  s-e3 | 5-5
Standard Dimension Ratio
SDR 26 | spr21 | |spri7z| | sbrize | [spriif
Pressure
DN PN 6.3 PN B CPRI0 ] PN 12.5
do o m(Mie m| ™| |:n il W 3 P PO B
mm mm m‘ m. ll|l'|‘il|ll“f m. mm:mln m. mm  mm m. mm | mm m.
2 - . - - . . - - . . - | - [300] 260 028
50 - | T - I | I I - T - I - I - I - I
%70 |
|"se0 |
Tem |

| 660 | 565 | 221 | 810 | 538 | 269 |10.00| 300 | 3.3
740 | 1102 | 2.84 | 9.20 | 1066 | 3.45 | 1140 | 1022 | 4.20
830 [123.4 3.55 |10.30| 119.4 | 434 | 12.70 | 11456 | 5.25
9.50 I 1-:!."'I 465 I 11.50I 1364 i 5.67 | 14.&0‘ 130.8 | 6.87
[10.70 | 158.6 | 5.90 |13.30| 153.4 | 7.18 | 16.40 | 147.2 | .84
4.82 9.52 | 181.0 | 595 11.90 | 176.2 | 7.26 | 14.70 | 170.6 | 8.85 | 18.20 | 163.6 | 10.91
6.05 10.71 | 2036 | 7.53 1340 | 198.2 | 922 |(16.60 | 191.8 | 11.44 | 20.50 | 184.0 | 13.81
7.5 11.90 | 226.2 | 9.20 | 14.80 | 2204 | 11.31 | 18.40 | 213.2 | 14.07 (22.70 | 204.6 | 17.02
9.40 |1333) 2533 1163 [16.60 2468 | 14.48]| 2388 | 17.67
11.94 | 15.00 | 285.0 | 14.63 [ 18.70] 277.6 | 18.34 2686 | 22.38 | 2880 | 257.8 | 27.04
15.11 | 1690 | 3212 | 1851 3028 | 28.38

19.12 | 19.05 | 361.9 | 24.12 | 23.70 | 352.6 | 29.52 | 29.40 | 341.2 | 35.99 | 35.30 | 327.4 | 43.55
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9-4-2 Characteristics of PE100
(1) Molecular structure
As described above, the quality of PE 100, which is used as a water distribution pipe
material, improves long-term hydrostatic pressure strength and stress crack resistance
by increasing the number of tie molecules connecting crystal structures (reinforcing
between crystals), It is a resin pipe that improves impact resistance and has

appropriate flexibility.

(2) Physical properties
Examples of general physical properties of polyethylene resins (materials) are shown
below, but the range of strength of physical properties differs depending on the

production process / quality standard of each country.

Table-33 Example of Typical Physical Properties of Resins (Raw material)

(Legends: @ is V. good. O is Good . & is so-50

e Low density PE | Medium density | High density PE :{;f:':;g"g:;f;
(LDPE) PE(MDPFE) (HDPE) i
PE100)
Density 0.91—0.93 0.93~0.941 0.942~0.945 0.9-0.958
Tensile vield h (kgf/ em2) 6—160 100~250 200~400 250
Tensile elongation at break (%) 90~ 800 50~700 50~800 500 or more
Environmental stress cracking L ] [ ] o L ]
Heat-resistant 20—40°C 20—40°C 20—40°C 20—~50°C
Embrittl, p —_ — -18°C -71°C
Impact strength L ] [ ] (o] [ ]
Flexibility [ ] o 'y 'y
Chemical resistance [ ] [ ] [ ] [ ]

Table-34 Comparative example of Performance by Other Pipes

(Legends: @ is V. good. O is Good . & is so-s0
Duc * cast
iron pipes

Items HPPE pipes PVC pipes

Weight (ke)
Workability
Repairability
Uninterrupted water diversion
Earthqual i
Pressure resistance
Corrosion and chemical resistance
Tensile strength
Breaking point
Weatherability
Dyiceatuti
Comprehensive eval

>

eeoCeoeoee Coee
Oeererec oo
OeeC|C0|0000 ee
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(3) Performance guarantee
Even after 50 years of use at 20 ° C., it has been proved to be a polyethylene
material which can withstand a constant stress value of 10.0 MPa (102 kgf /

cm 2) or more.

In fact, durability (lifetime) of over 100 years has been verified / confirmed.

MRS (Minimum Requierd Strength)

Circumferential g0 \ MRS
stress (Mpa) | | =

Source: Polyethylens Pipe System
Association for Water Distribation

Time until Pipe Ruptures (hr)

Figure-48 Creep Curve in Heat and Internal Pressure by Time

9-5 Design
9-5-1 Points to Note in Design

Points to keep in mind are shown below.

(1) The standard useful life is at least 50 years if the water temperature is 20
degrees,

(2) The maximum pressure (static pressure 7.5kgf / cm? + water hammer
pressure 2.5kgf / cm?) shall be 10kgf / cm? (10 bar),

(3) The working water temperature shall be 30 to 40 degrees or less,

(4) The wall thickness of the PE tube depends on the permitted internal pressure
value,

(5) For joining with different types of tubes, check the outer diameter,

(6) Burial work in areas contaminated with organic solvents (gasoline, etc.)

requires protection of the outer surface of PE.

(2) Safety factor
(a) For the safety factor, consider the wall thickness safety factor at 2.0 to 1.25

times under conditions such as high internal pressure, high water temperature,
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severe deterioration due to soil contamination, and high external pressure.
(b) ISO standard recommends 1.25.

(3) Permissible pressure (durability standard)
(a) The maximum allowable pressure (PMS) of the pipe is 10 kgf / cm2 (10 bar,
1.0 Mpa).
(b) The calculation method of Standard Dimension Ratio (SDR) is shown

below.

DN (Nominal outside diameter)
t (Minimum wall thickness at any point)

SDR =

4@ Example; DN = 280 mm, t =25.4 mm — SDR =280/25.4=11

9-6 Detailed Explanation of Butt Fusion (BF) Joint Method
9-6-1 Principle
The most widely used method for joining individual lengths of PE pipe and pipe to PE
fittings is by heat fusion of the pipe butt ends as illustrated in Figure-44 and Figure-49.
According to the BF principle, the outer surface of the polyethylene pipe to be connected is
melted by a hot plate (electrical type), and then the fusion melt surface is pressure jointed

immediately.

Quality butt fusion joints are produced by using trained operators and quality butt fusion
machines in good condition.

Removal of a heater

Figure-49 Topical Butt Fusion Joint
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9-6-2 Related standards (BF)
@ 1SO 11414- 1996-06-01
@ ASTM D3261-16
@ DVS-2207-1 (Germany) Others

9-6-3 Fusion Equipment and Work Schedule (BF)
(1) Management of heating plate temperature
Since the heating conditions are affected by the on-site climatic conditions,

periodic thermal plate temperature control (about 210 ° C. or more) is essential.

(2) Required Capability of BF machine
+ Aligning the pipe ends and Clamping the pipe
* Peeling both side pipe ends
* Facing the pipe ends parallel and square to the centerline

* Heating the pipe ends and Applying the proper fusion force

(3) Required BF joint devices
(D Saw / Electric peeling machine/ Clamps,
@ Electric heating plate for Heating the pipe ends,
@ Operating machine of crimp clamp for applying the proper fusion force,

@ Power supply (5kva Portable Generator) / Tool Box, etc.

Operation board

<17y

(electrical type]
cler_o@

Example. TOYD Co.,

Figure-50 Typical BF Joint Equipment
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Table-35 Estimation of Manpower required

Exampl of Manpower List
1. Plumber Forman 1 person
B Butt Fusion 1 petton
Machine Operator
3 Helper 3 person

Table-36 Example of BF Joint and Cooling time Required

2019 July

Ambient temp | Ambient temp
(30°C) (35°C)
z e 3 ] Trimming Fusion | Cooling Time | Cooling Time |Total Time/joint| Total Time/joint
Fipe Size (). | Sextiog Tima [0 e Time (1 (2 (1) (2)
50-100 6~~10 min. 5 min. 5 min. 2030 min. A0~ S50min. 35 ~50min. S0~80 min.
100-150 §~15 min. S min. 5 min, 20~30 min. | 40~-50min. 35 ~~50min. 55~ 66min.
150-200 12 ~~15min. 5 min. 5 min. 25 ~30min. 45~50min. 40-60 min. 65-90 min.
200-250 15~~20 min. 5 min. 5 min. 35-50 min. 45-60min. 50-~70 min. T0~90min.
Table-37 Example of Procedure of BF Joint
Example of Conditions Of Welding for PES0/100
Step Items DN (Pipe outside diameter )
| 100 | 150 | 150200 |  200-250
Setting up Pipe

* Clean Pipe Inside and owtside properly
* Check damage. scratch and crack on pipe surface
+ Check straightness. roundness of pipe.

Peeling of both Pipe surfaces by motor- cutter
= Peel both side pipe of oxidised surfaces.(peelimg depth requered 0.3~ 0.5mm)
» Confirm a hed-out surfaces.

(K]

Adjustment of Pipe Centerline
* Adjustment of Pipe centerline

e

Cleaning Inside Pipe

* Clean up inside of pipe

* Don't touch tpeeled surface. if touch it then trim again
* Clean up with clean cloth

|Adjustment of Temperature
5 [ Adjust temperature 210%¢ (=10°c)
* Make sure heating plate face is not dirty

6 |Set Heating Temperature (Depend on OAT)|  (210<10)°C (210=10)°C (210£10)°C (210£10)°C
7 |Set Melting Time (Sec) 90100 120-150 120-200 160--200
8 |Melting Pressure(Kg/cm’) 15 15 15 20
9 [Additional pressure Time (Sec) 60 60 60-90 60-90
10 Removing Heating Plate time (Sec) (With
in) Don't touch other surface of pipe 5 5 5 5
Il |Joint Pressure (kgkm’] 20 20 25 28
12 |Compression Time (Sec) (Zero Pressure) G0 120 120 160
13 |Cooling Time(Mi 20-30 20-30 25-30 35-50
14 |Observation (Check bead width and height)
14-1 |Bead Height(H:mm) 2.2-4.6 2.6-6.5 3.0-7.0 3.0-7.0
14-2  |Bead Width(W :mm) 5.5~10.5 6.5~15.0 7.0-16.0 7.0-16.0
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9-6-4 Quality Control Method (BF)
The quality control method of BF junction is shown below.
D Fused beads inspection,
@ Hammering inspection,
@ Sampling Physical inspection,
@ Water leakage test by Hydraulic test.

(1) Fusion beat inspection
Generally, In-situ quality control methods are implemented by bead inspection and

hammering inspection.

The following shows how to test the grown beads with a gauge. (Refer to Table-

37,14-1 and 14-2)
w

Pipe Wall S I

W w,

SRR
AL LA IELLEEEELN 2 .. Judgment method
S LLIALLEFES LT

N e,
=

i Inside Bead width (W) Bead height (H)

Beat shape W1 or more W2 or less| TT1 or more FI2 or less

M

Figure-51 BF Bead Inspection by Gauge and Normal Fusion Bead

(2) Water leakage test by Hydraulic test.
(D Example of Hydraulic test by BF connection test piece
In the water pressure test with the BF connection test piece, a water pressure of
over 6 bar is applied to the test pipe, and the change in water pressure thereafter
is recorded for 24 hours.

Since the PE pipe has the ability to absorb pressure, the hydraulic pressure change
decreases gradually with time, but eventually the hydraulic pressure stabilizes.
From the connection part, the leak test evaluation is judged by whether or not a

rapid drop in water pressure occurs.
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DN280: Change of Inner Pressure

B B3 BT 12 13 12 1% 3
Folding Time(. )

Figure-52 Example of Hydraulic test by BF Joint Test Piece

@ Example of procedure of Hydraulic test of laying PE pipeline

(a) Water flow will start one hour or more after completion of EF bonding,

(b) Clean the inside of the pipe and confirm that the air in the pipe has been

completely removed,

(c) Hydraulic test shall be implemented a section up to 500 m / one test,

(d) In the Hydraulic test, the water pressure in the pipe is increased to 0.80 MPa,

lowered to 0.75 MPa, and the water pressure after 24 hours is confirmed,

(e) Evaluation (after 24 hours)

* When it is 0.5MPa or more, it is considered as a pass.

« If it is less than 0.5MPa, it will be rejected and re-tested.

9-6-5 Troubleshoot (BF)

below.

Typical the causes and measures of fusion defects (beat irregularities) are shown

Table-38 Troubleshoot (BF joint)

Phenomena Causes Measures
PE pipe faces to Deformation of Pipe core circle, Replace/change the pipe,
be fused do not No match Wall thickness (SDR is different), Use others joint method (Mechanical joint),

become parallel

Uneven clamp tightening,

Adjust the clamp tightening,

Fused surface

does not adhere

Both connecting faces are not at right angles,

Peel / grind enough,

Cannot peel,

Sharpen or replace Cutters/Check the fixing

clamp,

Not tighten clamps,

Fix at the position where the fusion side contacts,

Dirty Connection surfaces,

Peel the deeper / remove dirt,

Insufficient beat

height and width

Slow Beat growth

Insufficient heating temperature and/or
heating time,

Insufficient crimping force,
Insufficient crimping time,

Material quality of PE pipe is different,

Review of fusion process,
Heating plate repair/repair,
Accuracy check of control,

Use material quality of PE pipe,

#20-87

Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

9-7 Detailed Explanation of Electrofusion (EF) Joint Method
9-7-1 Principle
This technique of heat fusion joining is somewhat different from the conventional fusion
(BF) joining thus far described. The main difference between conventional heat fusion

(BF) and electrofusion (EF) is the method by which the heat is applied.

EF joint is heated internally, either by a conductor at the interface of the joint or, as in one
design, by a conductive polymer. Heat is created as an electric current is applied to the
conductive material in the fitting. Figure-45 and Figure-53 illustrate a typical electrofusion
joint.

PE pipe to pipe connections made using the electrofusion process require the use of

electrofusion couplings, saddle fusion etc.

SIZE (9) o z T
20 38 B0 .
I 25 » 40 B4 '
az 4 38 o0
40 55 a3 =0
50 66 48 100
63 82 ] 128 —
s o8 615 127 —
B0 nr 655 135
1Mo 14z 705 145 )Eaupler‘
s | e 2 | 168 MR- Ea A
140 ws | e8| 478 Pressure = 1.25 Mpa (Water) i —’_ﬂ%
w | = | = 150 0.8 Mpa (Gas) 1
[ | = | e 194 Material = PE100 o o
00 ®1 | s | as Pressure 3 1.6 Mpa (Waler)
225 80 13 226 1.0 Mpa (Gas) '
230 | 312 | "rE =1 Welding Voltage . 40v k - B
2 | e 127 254 Pin Connection Diameter : 4.0mm —Zz
s 89 1325 265 L

* A il mmasemEnt are base o (mm)

Figure-53 Example of Selection chart of Electrofusion Couplings
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9-7-2 Related standards (EF)
® 1SO 12176-2/3/4:2008
©@ ASTM F1055 - 16a
@ DIN 14963/8074/8075, others

9-7-3 Fusion Equipment and Work Schedule (EF)
(1) EF joint work in rain

Establish a rain protection facility.

(2) Required Capability of EF machine
(a) Fusion process

The fusion process is controlled by a controller.

(b) EF control method
It is divided into the automatic method (eg, pressure detection / temperature
detection, control of the power on time) and the semi-automatic method (bar

code method).

Welding equipment has to supply the required voltage for the electro-
fusion-joint.

(c) Pressure detection method
A commonly used EF control system is an energized self-control system
(pressure sensing type).
The pressure system detects the rising pressure of the rising melt indicators,
and that device must switch off automatically when the melt indicator is

raised by pressure

(3) Example of controller specification for pressure sensing method
(a) Enter the fusing conditions from the barcode into the controller.,
* Setting of fusion time
+ Fusion temperature and calibration of environmental temperature

(heating temperature of nichrome wire ; 200 to 250 ° C:)
(b) Required controller voltage output  ( Japan Standard)

Primary side: 60 to 130 V
Secondary side: 39.5 to 75 V £ 2.5%
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(d) Weather conditions used
- 5~-40°C
(e) Power generation capability (for controller only)
Single phase AC 100V (Japan Standard)
DN 20~40 50~150 200 250~300

Output 0.9 KV or more | 2.0KVA or more | 2.8KVA or more

3.5KVA or more

(4) Required EF joint devices
* Pipe cutters
* Electric peeler / scraper
+ Clams /Controllers/ Power supply, generator

+ Cleaning goods for fusion surfaces and others

Figure-54 Typical EF joint Equipment
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NOTE: Fusion and cooling time determination

manufacturing company and must be confirmed.

The required fusion time and cooling time are different depending on the EF

Table-55 Example of EF Joint time Required

Fusion time (Seconds)

Mool Gaictex () 2 30 50 7 100 150 200

Coupling /Socket 60~75 60~90 75~110 | 115~120 | 200~240 | 260~360 | 460~510
Fitting Cheese 60~75 60~90 | 80~110 | 120~160 | 200~240 | 220~260 | 300~460
90° Elbow 60-75 60-76 75~110 120~-140 | 200-240 | 260~360 | 460~550
Cap 50~75 60-90 | 100~110 | 100~180 | 160~190 | 200~220 | 300~350

Deformed cheese  30x25 60~65 110-120 250~300 =

Deformed elbow 30%25 = 85~90 = = P = =

Deformed coupling 30 x 26 - 85~90 it = = e =t

Deformed Reducer 50 x 30 - - 9~110 - - - -

75x50 — = = 155~170 — o= o

100x 75 — = = - 170~190 - -

Saddle branch fittings 25 - - 120--150
Repair saddle 50 = i e 120 =
Table-56 Example of EF Cooling time Required
Coupling cooling time Saddle cooling time
Nominal diameter (A) | (minutes) Nominal diameter (A) | ( tes)

25 50 x 25+ 30
30 5 75 x25 « 30 50
50 100 x 25 -30- 50 5
75 150 x 30 - 50
00 200 x 30 « &
:50 0 nul.—:ﬂii 75 :
10
200 200 x 75
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| Steps Items
A EF _Joint works
Fill in the msertion length of the msert on the pipe and Mark the fused surface with a wavy line.
' : e

. -

Peel cutting of the face to be fused ((Ser with 0.1 ~ 0. 2mm thickness
A2

Cleaning of fused surface (pipe outer surface and coupling inner surface: use Ethanol paper.ete. to remoe water, oil and mudy
A3 b

=

Confirmation of nsertion depth
" &

After combining the pipe. align and restrain pipe and fittmg, fix finnly to clamp.
) V

T el
A6 | |
i~
BN =
Temperature of junction environment: 30 to -10 ° C, rain p

A-T

Check the stams of raised melt indicator after welding
AR

-9 | Confirm fusion end time and cooling end time (Clamp remains fixed)

A-10

Removal of clamp {completion of fusion work) and document the fusion process

Figure-55 Example of Procedure of EF Joint
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9-7-4 Quality Control Method (EF)

| Judging

The confidence of the EF junction is higher than BF.

The quality control method is shown below.

Test method
It is similar to the examination of BF.

In the field, it judges by the uplift situation of the both melting indicators.

| Conditions of an indicator Ttems checked
standards
/ Terminals Upheaval of an indicators
Nonual 1) Right and left have raised melt indicator after welding
fusion above the surface of a coupling

Figure-56 Quality Control Method (PE joint)

9-7-5 Troubleshoot (EF)

Typical the causes and measures of fusion defects (rising melt indicators irregularities)

are shown below.

Phenomenons of defect Cause assumed | Countermeasures

Abnormal
fusion

Both indicators do not upheave

1) Confirmation of terminal pin
jmsertion.
|2 Repair of damaged power cable.
(3 Confirmation of power supply,
After . | @ Confirmation of insertion
position of fusion spliced pipes ,

1) Power supply was
ntercepted halfivay.

(8) EF Sockels s
(Conplings) | 2) Output code tripped

5 Removal of foreign matter on
fused surface,

| &) Reset the temperature setting of
the controller.

|7 Cutoff the fused joint which is
|abmormal and repeat the fusion
agan.

1) Lack of insert of a
EF Sockets | pipe
(Couplings) 0]

Alter

<)

Figure-57 Troubleshoot (PE joint)
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10. Evaluation of achievement level

10-1 Necessity of Evaluation of Achievement Level

In managing the progress of NRW reduction, it is important to periodically evaluate the
“achievement of the plan” in the formulation and implementation of the reduction plan in the
PDCA cycle.
Achievement assessments implemented in “CHECK” of PDCA cycle are divided into the
following.

(1) Evaluation of "cost-effectiveness",

(2) Administration indexes of improved management.

As an index to grasp these achievement level evaluations accurately and quantitatively, it is
closely related to the reduction results whether or not the NRW reduction plan were efficiently

achieved.

v [eommn] N

ACT
(Measures/ DO
Additional (Implementation)

mvestigations)

CHECK
\ (Review /Evaluation of
achievement level and

Administration index of
improved management )

Figure- PDCA Cycle

10-2 Cost-effectiveness
10-2-1 What is the cost-effectiveness?
Cost-effectiveness is the evaluation of how much benefit (including non-revenue water
reduction / other benefits) is gained by spending (including labor and equipment costs) for

NRW reduction activities.

Cost-effectiveness evaluation is basically used in various situations.
For example, at the time of NRW reduction planning, it is also used for estimation at the
time of planning how much the various costs such as labor cost / raw materials /

construction cost, lead to profit.

The benefit effect is the effect of the reduction of the amount of leaked water and the cost
of operation and management that can be expected within a fixed short-term (excluded

effects such as improvement of water supply service, economic revitalization)
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NOTE: The difference between cost-effectiveness and return on investment.
(@D Cost-effectiveness means that if you stop investing costs, you will not receive the

expected benefits / results within a certain period of time.

@ Return on investment means to invest in expectation of future profit.

10-2-2 Evaluation Method of Cost-effectiveness
It is important to compare the balance between the total cost and the benefit

numerically as to whether there is an effect (benefit).

Total cost Benefit cost Total cost Benefit cost Benefit cost
P ) Total cost P
< $ ) (s)
| ] -
_'/'
Cost effectiveness Cost effectiveness Cost effectiveness
(Large) (Ok) (Less)

Figure- Concept of Cost-benefit Evaluation

10-2-3 Introduction of Breakdown Example of Total Cost and Benefit Cost

Below is a breakdown of total costs and benefit costs.

(1) Total cost items
(D Personnel and maintenance office expenses,
@ Purchase cost of NRW water prevention exploration equipment,
@ Division valve equipment cost of water distribution / leakage control blocks,
@ Cost of installation of flow meters and water pressure meters,
(® Material cost / installation cost of old pipe rehabilitation
© Customer meters replacement cost

(D Water leakage and repair costs, etc.

(2) Item of benefit amount

Profit from reduced non-revenue water,

Profit from reduction of water meter reading error,

Profit of reduction of O / M expenses of water facilities raw water,
Reduction cost of new water source development,

Reduction cost of expansion work / connection pipe construction,

®©@ 06606

Reduction costs of secondary disasters due to water leakage, etc.
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10-2-4 How to Calculate Cost-Effectiveness
(1) Difference in cost-effectiveness
This evaluation is a method to judge from the difference between the water supply
profit (benefit) and the total cost due to the reduction effect from the "actual data".
@ Formula (1)
Difference ($ / m?) = [real prevention water volume; m® / year x water supply
cost; $ / m?] - (total cost; $)

.".The priority for improvement work is the order with the largest amount of

reduction.

(2) Unit of leakage prevention volume

This evaluation is a method of judging the unite of the total cost ($) and the reduction
volume (m’) from the "actual data" as a leakage prevention unit per water
distribution pipe distance (km).

@®Formula (2)

Leakage prevention unit rate ($ / m® - km) =
Total cost ($ / year) + Real volume prevented (m? / year)
.".The priority for improvement work is the order with the smallest leakage

prevention unit ratio.

(3) Prediction of investment effect by NPV index (net present value)
This evaluation is a method to quantitatively predict the validity of the "Return on
investment" by converting the benefit effect into the current money price in the

future (after N years).

(a) Net present value (NPV) forecast of profit after N years
®Formula (3)
NPV=ACFO+CFl/1—r1) 1+CF2/1—1) 2+ + + - CFN/1-1) N
Here,
+ CFO: Investment amount (project cost)
+ CF1: Benefit amount (after 1 year)
+ CF2: Benefit amount (after 2 years)
+ CFN: Benefit amount (after N years)
+ R: Discount rate (Assumption; 5%) ... Interest rate to pay

+ Nt Life of the facility (years)
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- If NPV is a positive number, it is judged that there is business potential (benefit).
(b) Calculation from benefit ratio (B / C)
@ Formula (4)
Cost-benefit ratio (B/C) = Amount of benefit (B) + cost (C)

- If B/C ratio is 1.0 or more, it is judged that there is business potential

(benefit).

NOTE: Reliability of NPV indicator
Because the NPV index estimates the Return on investment based on the many

assumptions such as discount rate, useful life, price fluctuation, tax rate, etc., the

evaluated value of the benefit effect is an expected value only.

10-3 Admonitive indexes of Improved Management
10-3-1 What are Management-administration Indexes?
This indicator is a numerical value by the current analysis method to correctly allocate
"human resources, facilities, budget / finance" and to judge the management achievement

of the NRW reduction target.

The following are Indexes of the current situation analysis.
(@ Financial Management indexes with Financial Statements,

(@ Business management indexes.

10-3-2 Administrative Purpose in Financial Indexes
® Compare sale price (water tariff) with other WSP in water supply unit price
(KS/m?).
(@ Compare production costs with other WSPs at water supply costs (Ks/m?).

@ Judge management trends from the financial statements.

10-3-3 Administrative Purpose in Business Management Indexes
D Judge the business result per business scale / staff,
@ Understand water tariff and  water bill collection rate,
@ Judge the stability of business management,
@ Judge the water leakage situation,
® Judge the others (water quality etc.).
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10-

In addition, the formulation of the non-revenue water reduction measures plan of each
WSP should comprehensively evaluate these present indexes, and carry out the

formulation of the plan according to the financial situation.

4 Circulation of Operating Funds
The basics of sound and sustainable water supply business management is the capital
circulation by appropriate "capital investment (for example, construction of water facilities,

operation management of facilities)" and "recovery of water charges".

The conditions for the smooth implementation of this capital cycle are shown below.
(DProduced "water" can be supplied to customers without waste.
(@The water supplied should be accurately measured by a water meter.
(®"The payment for water" consumed should be "recovered" quickly.
@Collected "cash" is effectively used for daily working capital.

(®The profit is to be used systematically for future business plans.

Financial Resources Water Facilites Customer Wa%er
Provider

Custermer Mete}/\

. Operation and
Ao +Subsidy Construction .
Financial Maintenance Water Payment of
+Ownresources [—2{  Costof | o House "
Resources |, () rceas " Costs of Facility ibution Water Bill
+Overseas Funds Facility
(O/M Cost) q\
Meter Reading | Issue of Water Bi]]|
Caleulation of Determination of Calculation of
’W et Bil —> Water Billing Profit and
ater bl
© Amount Loss Balance
2
Internal
Reserves

Figure- Principle of Fund Circulation

NOTE: Water service is a public service industry.

Water supply management consists of water charges paid by customers.

(8 <@g= Ksh
i'
(@As a water manufacturing company, it is important for all WSP staff (including engineers) to
integrate organizational power / individual ability to continuously provide safety, security and

stability services, and build a relationship of trust with customers.
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10-5 Example of Analysis of Indexes
10-5-1 Financial Management Indexes with Financial Statements
The financial management situation can be simply judged from the balance index of
water supply unit price (sales price) and water supply costs (production unit price).
Generally, if a manufacture unit price is low, the selling price will also become low.

Meanwhile, the income balance tends to be as follows.

(a) Production unit price = Sales unit price... Balanced
(Sound management is possible)
(b) Production unit price > Sales unit price... deficit management
(subsidy required),
(c) Production unit price < sales unit price...surplus finance

(Sound management is possible)

U roducti
selling n unit

1 Prod
P nu
Unit selling
price

Business in Balanced Business in Red Business in Black

Figure- Image of Balance Trend of Water Supply Management

Here
(1) Unit price of water supply
This index is the "sales unit price" shown in the Water tariff.
@ Formula (1)
Unit price of water supply (Ks/m?) =
Total Water supply income (Ks/year) + revenue earning water (m?/year)

.. The lower the selling price is the better.

(2) Water supply cost
This index is the production cost required to supply tap water.
@ Formula (2)
Water supply cost (Ks/m?) =
Total manufacturing cost (Ks/year) </ revenue earning water (m?/year)

. The lower the production cost is the better.
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(3) Administrative indexes by analysis of financial statements
When the water saved by NRW measures is converted to “revenue earning water”,
the revenue (finance) is increased.
This effect is shown to improve in the financial statements (Revenue balance sheet,

Capital account balance sheet, Balance sheet).

# Indexes shown in the Revenue balance sheet
Purpose: To diagnose the business profit or loss (red or black) from the income
and expense balance.

(DExample of index showing improvement effect of finance

(a) Business income
“Profit from water supply” will increase with the achievement of NRW

countermeasures.

(b) Cost reduction
If "the amount of non-revenue water decreases", the water supply facility
utilization rate will increase, "the efficiency of the staff" will become high,

and as a result, "the operating expenses" will decrease.

(c) Increase in profit
As the profit and loss balance is improved, the “net income for the current

year” will increase.

(d) Sound management
With the improvement of the profit and loss balance, there is a possibility

of making the business independent and profitable.

(e) Improving cash flow
As “operating income” increases, monthly cash income (water charge)

increases, so “cash flow” improves.

@ Business management indexes to be evaluated
(a) Evaluation of the efficiency of utilization of facilities (yield, facility
utilization rate)
(b) Evaluation of water tariff level and unit cost (sales unit price / production

cost)
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(c) Evaluation of management stability (revenue and expenses balance)

Table- Example of Income and Expenditure Statement -Ratio

Introduction to Rehabilitation Plan of Piping Network (Draft) 2019 July

(Capital account balance, facility capacity).

Table- Example of Capital Balance Sheet

Spending Incomes
Component Component
Bills Account items . Bills Account items .
ratio (%) ratio (%)
. 1Financial (1) Revenue
1. Property Plant and Equipment 76.4
resources reserve
(1) Facilities 8.7 2. Long —Term financing
(2) Piping network construction cost 40.2 (1) Debenture stock 18.6
2. Investments 2.9 (2) Capital reserves
5.0
3. Other Investment-Treasury bonds 482 (3) Revaluation reserves
Total 100.0 Total 100.0

. Component . Component
Business Expenses . Business Income .
ratio (%) ratio (%)
Operating expenses Operating revenues
(1) Personnel expense 14.7 (1) Water supply incomes 90.6
1 (2) Contracted construction
(2) Power cost 1.7 . 1.6
incomes
(3) Chemical charges 0.2 (3) Other operating incomes 2.5
(4) Repair costs 7.9 Non-operating incomes
(5) Material costs 0.5 1| (1) Water service entry fee 2.6
o (2) Interest income and
(6) Commission fees 5.8 0.1
2 dividends
(3) Other accounting
(7) Depreciations 31.2 L 0.3
subsidies
(8) Others asset depletion 26.9 (4) Miscellaneous incomes 2.0
Extraordinary incomes 0.3
. (1) Gain sales of fixed
Non-operating expenses 6.0 2 -
3 assets

(2) Gain and losses of

Surplus 5.1 3 . -
previous years

Total 100.0 Total 100.0

Source: Japan's case (population: 500,000, water supply: about 200,000m? / day, number of water

taps: 163,000 taps, profit: about 113 B yen)

@ Indexes shown in the Capital account balance sheet
Purpose: To diagnose the balance of investment necessary to obtain future
earnings.
@ Example of index showing improvement effect of business budget
(a) Details of the improvement work and the amount of borrowing
It is possible to evaluate the contents of construction such as repair
costs and renewal costs of piping networks for NRW

countermeasures and the amount of borrowing.

(@ Example of management index to be evaluated

(a) Appropriate investment amount for non-revenue water measures

#20-101

Source: Japan's case (population: 500,000, water supply: about 200,000m3 / day, number of water taps: 163,000
taps, profit: about 113 B yen)

# Indexes shown on the balance sheet
Purpose: To diagnose the stability of water supply business management from
the breakdown of property, debt and capital.
In particular, understand the budget amount of investment from the

change in depreciation costs of assets.

(O Example of index showing improvement effect of business trend
(a) Stability of short-term management
- When operating revenue increases, cash flow improves and
management stability increases.
(b) Ability of repayment funds
- If there is a large amount of borrowing funds (corporate bonds,
etc.) and the repayment amount (spending) increases, it will
become difficult for management to secure repayment funds and
become unstable.
- Long-term financial repayment becomes stable when the equity
ratio is high.
(c) Increase in repayments (including principal and interest) on large
corporate bonds (e.g. up to 30 years) will put pressure on

management.
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@ Example of management index to be evaluated

(a) Assessment of short-term management stability and soundness

(current ratio)

(b) Evaluation of long-term management stability (equity capital

ratio/self-capital ratio)

Table- Example of Balance sheet example
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For example, an index for setting a kiosk, illegal connection detected, reading errors,

failure meters, aged meters, meter theft, meter calibration, meter boxes and etc.

The following is an example of Japanese business indexes. (Extract edited from
“JWWA 2007 guidelines”)

Table

Contents of JWWA2007 guidelines

Items

Contents

Remarks (WSP prionty items)

1) Safe

(DConservation of water sources

(@Water quality management

2) Stable

(DStable supply

(@Preparation for the future

(@Risk management

3) Sustamability

(DiStrengthening of operating base

(D)Staff

@lmpro\'cmcut of water supply service

(DGlobal environmental protection

4) Envir lp

(@ Sound water circulation

5) Management (business operation
oM)

(DProper business operation

(@Proper maintenance

Assets Liabilities
Componen Componen
Account items Account items
t ratio (%) t ratio (%)
1. Fixed assets 1. Fixed liabilities 1.0
(1) Tangible fixed assets 2. Current liabilities 1.6
a Land, standing trees, buildings (1) Accounts payables -
b. Buildings 10.4 (2) Accrued expenses -
c. Machinery & equipment 20.9 Liabilities | (3) Advance received -
d. Vehicles & delivery .
0.1 (4) Deposit moneys -
equipment
(5) Deposit-guaranteed
e. Tools, furniture & fixtures 1.3 B -
securities

f. Accumulated depreciation 48.5 3.Capital stocks
(2) Intangible fixed assets 0.1 (1) Equity capitals 30.7
(3) Investments 12.5 (2) Borrowed capitals 18.9
2. Current assets Shareholders | (Corporate debt) 3.9
(1) Cash & cash equivalents 4.6 > equity 4. Surpluses 429
(2) Accrued revenue 1.1 (1) Capital surplus
(3) Storage investment 05 (2) Legal retained o
securities ' earnings '

Total 100.0 Total 100.0

Source: Japan's case (population: 500,000, water supply: about 200,000m3 / day, number of water

taps: 163,000 taps, profit: about 113 B yen)

10-5-2 Example of Business Management Indexes of Non-revenue Water Measures

This management index is a management index that summarizes the following.

(@D Maintenance indexes for pipeline,

@ Administrative indexes for Financial / Business Management.

The WSP needs to create management indicators that are suitable for its own

priority tasks.

#20-103

#20-104




Introduction to Rehabilitation Plan of Piping Network (Draft)

Source: JWWA (water supoly business udelines 2007 ecfed)

2019 July

Introduction to Rehabilitation Plan of Piping Network (Draft)

2019 July

Ttems. No. Business indeves Units Caleulation methods Target values (directions)
1. Safe 1002 Allowance of water source % [{Retained water source / maximun daily water distribution) -1] * 100 Higher is better
(a)
Waler source
conservation | 1003 | Effective utilization mte of rw water % {Annvunl effective water volume / annual intake volume) * 100 Higher one is better
{b) Water = ; —
1 1104 | Faslure e of water quality stand . Mﬁmwunmofmqﬂ:lgﬂmiwﬂumbﬁofmw) et tod it it
Amotint of stored drinking water per [(Distribution reservor total capacity * 112 + emergency Water slofige tank
2001 pesan Lihead capocity)/ wer Iation]* 1000 3 L of mofe
2002 ""'i""w‘“““’mi{:““‘“w" Udhesd {Averago daily water distribution { waler supply * 1000 Better to have more:
3 Siable 2004 Reservoir capacity Day ut toal capacity | daily dis of water 0.5 day or more
blesupply| 2005 | Number of waler supply restrictions Dy Nutiber of arual water supply Limit days Lotwer one is betler
2006 | Dissemmation rate (population) * (Pecple in the water | peaple i the water area) * 100 95% or more
2007 | Distribution pipe extension density | k/km? Distribution pipe length / witer supply area Higher one is better
2008 Wier meters density numberkm ‘Number of water meters / water pipe length Higher one is better
o (The number of clectrical and mechamical equipment over useful life / wotal numbser i
2102 Rate of Aging fclitics 5 ST St Lower one is better
2103 Rate of Aging pipelines. b (Pipelines over useful life | pipeline length)* 100 1~20%
2004 Rate of rencwal pipelings % (Renewed pipeline length /total pipeline length) * 100 1~2 (%) orless
2008 | Rateof Pipeline rehabilitations o Nuber of leak detections / survey distance) * 100 Highet ot is better
(byPrepy 2106 Rate of Valve update L (Number of updated valves / mumber of installed valves) ® 100 1~28%
forthe W | 3107 | Rat of new ipeline nsalltion “ (New pipelinelngeh /ot pipeine length) * 100 Higher on i ety
1 f Higher e is better,0.02
Hughe otk dsecion e T ooy Nurbe of ks found/ Survey et pie distibution lngeh 0 et
y {numbers k)
Number of leiks found per km i P Higher one is better 072
e pipe srvey iiibers ki Nusber of leaks found / Survey wiler service pipe length hikatand
Numbsr of loaks found per Ik in Higher one is beticr 3
Akl rvion T whres e o numbers/km Number of keak detection / survey waler service line it wler meter-boxes en)
201 m“‘m“‘m" nunbess Nber of vater quality incidents of el watersouree Lower ase s beter
(e)Risk Accident rate of main distribution (Number of nccidents on main distribution pipelines / Totalkength of main
munagemen nn i numbers/100km distribotion pipeline) * 100 §=~20 (numbers/100km)
213 ‘Number of wter tunk trucks unit/1000head (Number of sater tank vehicles / water supply person ) * 1000 Higher one is better
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-END-

Hens Na. Rusiness indenes Units Cabelation metbods Target values (directions) WP
3001 Operating balance ratio L (Opomting revente | operating expenscs) ® 100 1059 oe maone: -
" [{Operating imcome wpeEmling perating nos-operating
3007 Cueren scconnt i » eoul]® 100 100% or more x
3003 | Towl halance mticfE4E I ES (Total Revemue | Total Cost) * 100 100%0¢ more -
Cash fow Times Blalance of corporate bonds | income of water sapply 3 -
3013 Charge rocovery e L3 (Sales unit price | manufcturing cost) * 100 Higher one is betier -
- S : Lizwes o i betler
= 3004 | Unit of Water supply (selling price) IYmd Sales profit / Accounted-for water ratio (1602300 /m3) -
Sustainability ; ; e
I mings- Lawer one is
A7 15| Water supply cost (mamifacturing cost) IYimd i e i 1] A - for wier betier{150-220 Y/m3)
bave
3016 cw‘“@":;“]“"m n Pasic fee for genernl howsehold wse (din. |3 mm) per month + wsage fee of 10m3 | Lowes one is betier -
[Higher one s bener (9 wor
30K | Accounted-for water as persent of total L {Accosmied ~for water Water sgply)® 100 i
ﬂ___
NRW e (Anmial ingot volumse / sl accounted: for waler) * 100 """":“W} ) .
T = = : ; s Higher ane 15
30e Facility utifizaton rate = {Average daily water service supply / daily water service supply capacsty) * 100 b A0 N -
3000 | Mavesm operation rbe of Ecility LY (M dusly water supply eapacity | daly waier supply capacity) * 100 " ; -
30 External traming time [T S o . Al e i Larger cne is betser i
of stalf messhers
304 [RArTe—— He Ll e e Lager ot is beticr .
Techaical stal rate “ Higher oo is better =
Distribution amount per seaff member | m3 Head Asmual water distribution | fotal sumber of staf et b0 hane more. .
(hstar Maimber of meters per stadl member mimber Head Naumber of water meters / total mimber of sl = -
g of people who have public injury* mumber of
A gy i L] days) | (Number of all stall * mumber of ssmual public service days)] * 100 HEN o R -
s ?‘m“m“wwl ,_Nw_ . (b of vibtors { aker supiply perscc) * 1000 | Beobmeme |-
s Complaiet rate for waler service il ]'I]m [Number of water service compilaints | nmber of nater conpections) * 1 D00 Luowes oo i betier -
3207 Complaimt rate for water taril {The nismber of water J namber of water * 1000 Lower ome s better =
4 7 Z
4001 E"“"‘“"__“‘“"‘""“. Ap L w3 af kWhimd Electricity consmtion of all Bcilithes / snmial water distribution Lower ooe s betier (D1~08 -
[
Global o f rencanbh ™ call
4003 B % N R Better -
| protecion Il (1
MII umorl 4100 CGiroundater fate A0 (Groussdnater pumping | waler souree utiliation) * 100 = -
o oA bt o ey of 5
5001 | Improper mie of water supply pressure * e M e ™ ety sl o e % 800, Lower
s S04 Reading ervoe rate bt (Number of alse restings /total mammber of endings) * 1000 Liste one s better 4
4 Floper Billing rvor rase ] (b of ' of chasges) * 1000 Linl 0-0%| -
sperstien | o0 Ungaid rate S (Year-end upasd rate | Total fee incame) * 100 Little ane s better (5-15) -
spo7 Wter supply stop rate TUMBSAN0. | (emmberofwter suppy stops. s of waer supply comnections)* 1000 | Lowercee i btter .
5102 | Dhsctile iron pipe and steel pipe mtio L |Dhuctile cast iom pipe length + steel pipe longth) / total papeline length | * 160 = -
s103 Accsdent rate of pipelines. number /100km ‘i line accadesis | i - Lower ome i betier -
SI4 | Accident rate of (Numby : ipelines £ sicel pipelines) * 100 Lorwer oa i better .
3105 | Accident ase of s Semroni ppelings | mambecfiokan | (7EmbeC nce . Toal i Lower oo is better =
pipelines) * 100
(b) Proper | 106 | Accident rute of water service pipelines ﬂ:m . o Tm otwct s ) Lower ome isbetier | =
maimlenance
5107 Water leakage rate “ wlumee i 100 Lower anc isbetter | -
Watcr leakage volume per mumber of m3 i |
5 ! $5
s108 e A s s N Ansual watcr leakape | mumber of waler comnections. Lerwer ane is betier
¥ G {Suspension of water * Turhid water time * Sustained water * Turbid water srea 2 |
S100 | Suspended water | rurbid water time s s Lerwer ame is better | -
i Pipeline inspection rmte " (Inspected pipeline length | total pipeline lengih) * 100 Higherome isbetter | -
s12 Vialve installation density smamber ki Number of installed valves | t0tal length of pipeline Higher ome i betier (7-20)|
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1. Outline of training DMA
(1) Area: about 83,000 m2
(2) Number of Customer meters: 150 pieces
(3) Extended pipe-line: Diameter 63~100 mm (PVC)
Diameter 20 mm (PVC)
Diameter 32~50 mm (HDPRE)

(4 Total length:2,500 m

(5) MAP of DMA
In the DMA diagram, position information such as a gate valve for isolating the DMA,

route of pipeline, diameter, material, flowmeters, air valves, drain valves, water meters,

etc. are described. (Refer to Figure 1)

EWASCO N.R.W MONITORING EXERCISE.
/\ ST T

. 1o
A s £k Water Meter.
i3 i * Water Meter.
S0 Elementary D<] Gate Vae.
b school lzgllm
Master Meter.
\ e 20mm
PYC 1000w [pfloyy —— 32mm
— 50
— g =
\ P -— 100 mm
422 | Land Bourdary
7\ \ [0 Buittng

To NEXT DMA
PVC 63mm

DMA Area: 83,500 Sgm.

No. of Water Meters: 150 PCS

Total length: About 2,500m
PVCPipe: Dia. 63~100 mm
PVC pipe : Dia. 20 mm
HDPE: Dia. 32-50 mm

14
:

Figure 1 Example of DMA for Training at EMBU



2. Causes of pipe damage
The causes of the leakage which occurred on a buried pipeline are shown below.
Table -1 Causes of pipe damage

Shortage of strength (pipe, joint, valve and etc.)
Lack of corrosion-resistant

Quality of pipe material

Rapid progress of physical aging

Poor pipe jointing

Poor backfilling

Touch with the other pipe and the other facilities
Unsuitable water pressure

Water hammering

Corrosion by water quality

Rapid change of water temperature

Neglect of leakage

Increase of traffic accidents

Movement of soil around pipe (freezing, upheaval,
and etc.)

Corrodent soil for backfill

Change of temperature

Damage as the result of construction works
Damage of the road by earthquake

Technic of pipe laying

Condition of water

Environment of pipe laying

Other utilities’ construction
work and disasters

86868 66OV

Source: JICA-Nagoya NRW training

3. How to detect water leakage
3.1 Leakage exploration technology
(D Acoustic noise detector (detection of sounds generated from leak points)
@ Inject gas with no adverse effects to water quality inte the water pipe

Currently, acoustic detection technology is the most common

method used in leak detection.

3.2 Leakage detection by leakage sound
1) Features of leak noise
Leakage sound that jets out of the pipe from the water leak hole generates continuous
vibration sound.
However, this vibration sound changes under the following conditions.

(DCharacteristics of the leak point (eg leak hole, pipe material, water pressure,
surrounding condition etc.)

@Propagation path (eg, earth, concrete, pipe material, etc.)

(®Propagation distance from the leak point



(DLeakage sound depends on generation condition.
®The propagation of the vibration sound is gradually attenuated from the
generation point.

2) Decay rate

In general, vinyl chloride pipe (VP) has higher attenuation with distance than cast iron

pipe (CIP) and lead pipe (LP). (Refer to Table-2~3 and Figure 2)

Table-2 Example of decrement of pipe classification (At 10m point)

Pipe Kind Quality of material Sound of leakage Decay rate
Distributing CIP ¢100 mm dia Low frequency About 1/10
water pipe High frequency About 1/6
VP ¢75 mm dia Low frequency About 1/8
High frequency About 1/28 at 2mpoint
Feed-waterpipe | LP 13 mm dia Low frequency Hardly decrease
Service line High frequency About 1/3
VP ¢13 mm dia Low frequency About 1/2
High frequency About 1/44
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Figure 2 Changes in leak noise

Table-3 Example of Typical leak noise sound

Conditions Impact on Note
investigation.
Depth of Shallow Good Attention to echo etc.
burial Depth Bad The deeper the depth the more the leakage sound attenuates.
Density of soil Rough Bad The damping of leaky sound is bigger and dense.
Dense Good -
Pipe material Soft Caution Soft pipes such as vinyl pipes and polyethylene pipes attenuate
Hard Small impact | the leakage noise during propagation, so care is taken because the
range to be captured is narrow
Pipe diameter Small No effect -
large Effected Pipe vibration is less likely to occur as the larger diameter.
Amount of Allittle Difficulty Minor leakage water leakage sound is small and difficult to grasp.
leakage Much Easy Pay attention to the water pool near the leak hole.
Water pressure Low Bad Usually 1.5 kef / cm 2 or more.
High Good Generally, leakage noise is higher as high water pressure.

Source: JWRC




3) False sound
Since the road surface digital noise leak detector is susceptible to the influence of the
simulated sound, it is necessary to confirm the location of the dummy sound in advance.

4) Working time
Since DMA area for survey had comparatively little traffic flow, the acoustic noise
detection Survey is-was conducted at daytime. (Refer to Figure 3)

Basically; (In urban area)
D At Daytime .....Door to door survey

@ At Late night.....Road surface survey

AHA, WENIL!!!

Source: Edited, Training Handout (2017-May) at Bureau of Waterworks, Tokyo Metropolitan Government

Figure 3 Working Time for water leakage survey by acoustic noise detectors

4, Concept of how to identify leak location
The process of water leakage detection is basically based on narrowing down the order of
surface, line and point.(Refer to Figure -4)



Medium-size block

. . (C) Points detection
(A) Surface detection (B) Line detection / Small-size block

—3 ® Lo‘cations of fire hydrant /valve / N
DMA 1-9 valve where abnormality was found Valve ™ W Points OIf leakage
(Water supply Area)

O Locations of fire hydrant /valve
without abnormality

=== Pipe-lines that needs investigation

Figure 4 Concept of how to identify leak location

5.Content of leakage investigation work (Procedure of a standard survey)

5-1 Procedure for leakage survey
The flow of leakage investigation work is as follows:

Basic work procedure in leak detection survey
Step-1 : Formulation of work plan (Confirmation of work content, confirmation of
work method, confirmation of notes, Preparation of working process & Map)
(Refer to Figure 1/5~6 Table 4)

Step-2: Conducting preliminary inspections on site with detail route map of pipe
l laying (confirmation of consistency between drawing and site, confirmation of
work method, confirmation of machine used)

Step-3: Implementation of Door to door survey (Discovery of water leakage sound
from Faucet valves/ shutoff valve/ distribution pipes with listening sticks,
mainly daytime work because of work in the residential area,)



Step-4: Implementation of road surface detection (Discovery of water leakage sound of

1 leak detector / listening sticks, etc)

ez

Step-5: Confirmation of leakage point survey (Check with/by boring equipment /
excavation / listening sticks / digital leak detectors / buried pipe detectors/ leak
noise correlators, DPD reagent etc. to make sure whether the location of
leakage, etc.)

Step-6: Preparation of a report (Arrangement of survey data, analyze survey results)
(Refer to Form -1 to 3)

Table-4 Example of Working schedule

Name of waterworks office (Name+Sign) ; Date and time;
Name of the investigation area;
Scope of work Door-to door survey (160 km: 16,000 Customer meters) ::::8:30AM t017:00 Duration of the survey;
(Investigation time Stop valves / stop-cocks Caustic noise survey (150 kmy;;;;;8:30AM t017.00 Name of the researcher;
zone) Road surface survey (160 km);;;;:22 PM to 5AM |

No. Activities June July August September

(1) Work plan

(2) Preliminary site survey

(3) | Survey on door-to-door survey

(4) Survey on road-surface

(5) Verification work

(6) Preparation of report

Supervisor _(Name +Sign) ;

10
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Figure-6 Sample of detailed rout map of pipe laying

6 Equipment required for leak investigation
6-1 Listening sticks
(1) Object of achievement

a) In this practice, use a sound hearing bar, bring the vibration sensing rod into
contact with a faucet and a meter, and experience the presence or absence of
water leakage sound.

b) In order to distinguish leakage sounds, it is necessary that the participant
concentrates and focus on the point of investigation.

c) Mark the position where suspicion of leakage is suspected on the map and on
the ground.

d) Have the consultation on the findings. (Form-1 to 3)

(2) Points of concern
a) If necessary, close the consumer tap and check whether leak noise is generated

11



before and after the meter.
b) Mark the position suspected leakage.

(3) Equipment used
a) A Listening stick, (Refer to Figure-7)
b) A Digital noise leak detector

Listening stick

Listening
stick
Meter Stop valve
/Gate valve

Air valve

s
g
8
=
5
a
k-3
Iy
@

Fifure-7 Configuration of Listening stick

6-2 Road surface digital noise leak detector
(1) Object of achievement
a) In this practice, as a result of a Listening stick survey, the leakage position is
searched by a road surface digital noise detector and/or a Listening stick on a
pipeline where leakage is suspected.
b) Mark the position where suspicion of leakage is suspected on the map and the
ground.

12




c¢) Confirm the leakage location by excavating.
d) Have the consultation on the findings. (Form-1 to 3)

(2) Points of concern
a) Since this investigation is influenced by dummy sounds, it is necessary to check
the occurrence of noise beforehand.
b) Recording of data (Form-1 to 3)

(3) Equipment used
a) A Road surface digital noise leak detector (Refer to Figure-8)

I . fe s
l / Maximum Sensitivity

= = = Ductile
—Lead

level

10 100 1000 10000
Frequency (Hz)

The following four (4) Filter Band Widths are recommended as  Nine(9)ways of Filter Combination are selectable as follows.

the basic selection on site. Those Filtering Ranges enable the Operator to distinguish the
=i Rzl 100 I 200 400 | 600 800 ] 1200 | leak sound from other noise. -
e e | @speomfremmy --@ | | T L Hio
Distribution Pipe | @) [ _____I_____1_.§ =] @ | B [@ | Filter Combination
Sf\?{ic’% s;e' @.-------i-----;-..© 100 200 400Hz 600 800 1200Hz |
O n’ pe. | T
Seicicsi — P Ko e e | B ] ‘ =] 100Hz ~ 600Hz |
| of Galvanized Pipe. 18 [ | @ [ @ 100Hz ~ 800Hz ‘
Backlight switch [ @ o | @ 100Hz ~1200Hz | r
Level meter Volume switch O —_— . ! 1
\ = | @ 200Hz ~ 600Hz
=]} | =} 200Hz ~ 800Hz
@ | 400Hz ~1200Hz
= =] l ~ 400Hz ~ 600Hz
- @ | B | | 400Hz~ 800Hz
T @ @ | 400Hz ~1200Hz

Filter switch —

Battery switch-
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Figure-8 Overview of Road surface digital noise leak detector

6-3 Leak noise correlator
(1) Object of achievement
a) In this method, the equipment specifies the leak position where leakage is
suspected in the buried (metal pipe / nonmetal pipe) pipe.
b) Mark the position where suspicion of leakage is suspected on the map and the

ground.
¢) Have the consultation on the findings.

(2) Points of concern
a) Secure the sensor installed at two points on the piping fixed.
b) Water leakage position is specified from the waveform displayed on the monitor of
the main unit.
¢) The location of water leak is final finally checked by boring or excavation.
(3) Equipment used

a) Leak noise correlator (Refer to Figure-9)
b) Tool for attaching sensor

~s
= \47_"
{,‘:: Leak Noise \;\;\ ‘ g -
Radio Correlator Unit Radio L IIl.II
Transmitter ,  Transmitter . it
®) A) p————1 IR MWLM
a0 Myt <l dml MR WLl
Pickup sensor m I ] Pickup sensor
— | =1
Valve // |\ Point of Leakage T 1 k‘ m’:i:
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Figure-9 Overview of Leak noise correlator

6-4 Verification Work
(1) Object of achievement
(a) Understand how to check where leakage is suspected by leakage exploration by
Excavation. (Refer to Figure-10)

(b) Introduction of Boring work method (Refer to Figure-11)

(2) Points of concern (by Boring work)

a) Boring work needs to be investigated carefully so as not to damage the buried
pipe.

b) The water leakage position is determined by drilling a number of holes with a
boring tool and judging from the strength of the leak sound while moving the
Listening sticks to the number of holes.

c) Moreover, it is possible to specify the water leakage position from the situation of
water and soil / attaching to the boring bar and/ or a Listening stick.

d) Boring bar is a tool that punctures hard surface.

(3) Equipment used (by Boring work:Refer to Figure-11)
a) A Electric drill (used for drilling pavement surface)
b) A Boring bar
c) A Listening stick
d) A Road surface digital noise leak detector

Figure-11 Overview of Verification work by Excavation
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A

Borinork

Drilling work Confirmation work

Boring Bar <2 Low
/ Leak Noise

Land Surface

Source:Yokosuka cityWWSB Working on Paved roadway

Figure-11 Overview of Verification work by Boring work

7. Equipment required of survey for Buried pipe detection
7-1 Electromagnetic induction detectors (For metallic pipes)
(1) Object of achievement
a) The objective of this practice is to understand the operation method of the equipment
to specify the position of the buried pipe (Metal pipe)
b) Have the consultation on the findings.

(2) Points of concern
a) Detection is difficult if the burial depth is deep.
b) Since it also reacts with piping which is not currently used (buried disposal), it is
necessary to follow up to the connecting part of piping currently in use.

16



(3) Equipment used
a) Direct metallic pipe detector (Refer to Figure-12)

T —
= .
Receiver

Transmitter -

 — e ]J_IU
Buried Metal Induced, / ,} P
pIpe current Magnetic
: Lines
A Indirect Method B Direct Method

Figure-12 Overview of Electromagnetic detectors

7-2 Vibration-wave water instrument
(1) Object of achievement
a) This practice is to understand the operation method of the equipment to specify the
position of the buried pipe (Metal and Non-metal pipe)
b) Have the consultation on the findings.
(2) Points of concern
a) Since pulsation is generated and the vibration sound is investigated by listening to
the sound on the ground, there is a possibility of damaging the broken tube with a
shock wave.
b) Although it is applied to the investigation of a relatively small diameter and a short
distance, if the burial depth is deep, the search becomes difficult

(3) Equipment used
a) Vibration-wave water instrument (Refer to Figure-13)
b) Listening stick
¢) Road surface digital noise leak detector

Figure-13 Overview of Vibration-wave water detector
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8. Measurement of leakage volume
8-1 Measurement of minimum night flow a night minimum flow
(1) Obiject of achievement
a) This practice will make you understand the concept of estimating the amount of

water used during the night time when water demand is lowest in the isolated DMA
and is assumed to be the water leakage amount.

b) Identify the night-time minimum flow rate from the collected data.
¢) Have the consultation on the findings.

(2) Points of concern
a) Measure the amount of water flowing into the partitioned DMA. (Refer to Figures
14-15).

b) Leakage, legitimate consumption and theft are included in the measured minimum
flow rate.

) In order to investigate the actual leakage volume, further investigation is necessary
according to the items of the water distribution analysis table.

d) Customer cooperation is indispensable for accurate water leakage survey.

X
. X closed X
Free time of water supply
/__ (free time) 0 0
Gate Valves
. ok Use hours of Gate Valves t i " \u'
ate | water suppl \
of M’ - PPy X => —_— —_—
water ' [ X
use R ) o) Gate Valves
!

Tyryrr= STy

H

— Time «
i m Bypass |Flowmeter

P — R

rate M‘
) Minimum Flow F.H. .
Influx & Closed
Rate =Water

] T L »*‘fé — --—Ai-—oL--‘-m@ X

Time Gate Valves ﬁ[ Fire ‘ Gate Valves ﬁ

hydrant
X X closed X

Figure-14 Flow measurement in isolated DMA
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(3) Procedure of for flow measurement survey

a) Confirm that the amount of water flowing into the survey target DMA is from one
location.

b) Install a clamp type ultrasonic flowmeter on the inflow pipe.

¢) Manage the gate valve of the outflow pipe into the adjacent DMA.

d) Investigate with the water faucet in the "open" state.

e) Data timer setting: every 5 minutes

f) Survey time

® AM9:00:.......... Preparation for measurement
® AMI10:00......... Start flowmeter survey (Read BFM).
l Keep opening gate vale at outflow pipe send to adjacent

DMA (Automatic recording of data)
® PM 11: 00 ~ AM 05; 00: “Close” the gate valve at outflow pipe.
l (Start measurement of nighttime minimum flow rate)
® AMO05:30-AM06: 00: End of measurement and Set the gate valve

to "Open".& Set another UFM on the outflow pipe. (To ripen long water
supply stop)

l

® AM 05: 00 to AM 10: 00;. Measurement of daily minimum flow rate
® AM 10;00: ....End of survey

l

...... Output by graphing

h) Example output of nighttime minimum water graph (Refer to Figure-13)

Q min.

(m3/hr)
Flow[m3/s]
ix @ —Flow[m3/s]

Figure-15 Example of nighttime minimum flow rate

(4) Equipment used

(a) Ultrasonic flow meter (Refer to Figure-16)
(b) Tool
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@ Charger

() Stanless steel pipe straps

) Data line

Figure-16 Overview of Ultrasonic flow meter

8-2 Measurement of Water pressure gauge
(1) Object of achievement
a) The objective of this exercise is to monitor the 24-hour pressure variations in order
to understand the characteristics of the nighttime minimum flow rate.
b) It is also possible to grasp the relationship between the minimum flow rate at night
and pressure fluctuation.
c) Have the consultation on the findings.(Form 4)

(2) Points of concern
a) Record the water pressure on the recording paper at intervals of 5 minutes. (For
reading)
b) Recording of data (Form 4)

(3) Equipment used

a) Digital pressure data logger
b) Mechanical pressure gauge

20
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8-3 Portable electronic test meter
(1) Object of achievement

a) The objective of this training is to determine the measurement error of the
installed customer meter by connecting the electronic meter testers and the
consumer meter in series and comparing the volumes recorded through each
meter.

b) Check the measurement error (numerical value) of the existing meter.

¢) Have the consultation on the findings. (Form-5-6)

(2) Points to remember
a)The electronic meter (tangential impeller) must always be calibrated to record
accurate measurements.
b) Measurement of flow rate other than set flow rate increases measurement error.
¢) Do not bring strong magnets close to the electronic meter during measurements.

(3) Measurement range
a) Maximum flow rate 1.0 m?2 / hr, intermediate flow rate 0.2 m?2/ hr, minimum
flow rate 0.1 m? /hr,
b) Measurement accuracy * 2.0% for intermediate and high flows and +5% on the
lower flow rate.

(4) Equipment to be used

a) Portable electronic meter ...1 set (Refer to Figure-17)
b) Hose - Connecting device - - - -1 set
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Wing Bolt & Tap Protect Ring asainst Scratch (Protect Ring)

Tap & Water Supniy Hosepipe's Joint
(Nominal Diameter of Tap 14-18mm__

Qutlet Hose Ball Valve Electronic Test Water Meter
Instantaneous Flow Display Function)

Figure 17 Installation drawing of electronic meter

9. Survey of Customer meter reading &meter condition
(1) Object of achievement
a) The objective of this survey is investigate the measurement accuracy of the customer
meter.
b) Have the consultation on the findings. (Form-7)
(2) Procedure of survey
a) 5 EMBU staff will guide 5 groups of trainees (5-6 people / group) on site.
b) The number of customer meters surveyed by each team is about 20 to 40 for each
group.
c) Each group will use the Listening Stick placed on the water meter / stopcock and
listens to the characteristic leak sound.

10. Water meter bench test

(1) Object of achievement
a) The objective of this training is to accurately determine water measurement error
caused by deterioration of customer's water meter and insufficient maintenance.
b) Observe the demonstration of the water meter test method and recognize the
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malfunction of the meter and recording data (Form-8)
¢) Have the consultation on the findings.

(2) Measurement procedure (demonstration by EMBU staff)

a) "Instrument difference” of the customer's water meter is compared with "measured
value" passed through the test water meter and the passed water volume with
""capacity of the standard tank™.

b) Select 8 to 10 customer meters to be inspected (aged), meters with different usage
conditions.

c) Meter difference is evaluated by 3-point flow performance test. (Qmin. = 30 liters,
QT = 120liters Qn=1.5m 3 ... For Class B)

d) Note: Conversion formula from old standard Class-B to new standard (R)
® For example: 1SO B Class
R=1SO B=Q3/Q1=1.5/0.03 =50
*1SO-B (old STD) =R50(New STD)
The standard of a Japanese customer meter is R100.
(The larger the R value, the lower the measurement error of the water
meter.)

e) How to find Qn numbers? (Refer to Figure-18)

item| ISO 4064-1993
Manutacturer. LAO(Brazil)
Model, M6011B
Multi-jet-Dry- Tangential flow impeller

quality standard. Classe-B

caliber (mm) 15
Qn(m*/h) 15
Qmin(m*/h)

Display version

Figure-18 Example of Old ISO-STD (Class-B)

f) Computation method of each flow rate in a measurement point (Refer to
Figure-19)
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® For example: 1SO B Class (Qn=1.5m3/hr) (Refer to Table-5)
(DMinimum flow rate(Qmin.)=(Q1)=1.5 x 0.02=30 liters/hr
@Transfer flow rate (Qt) = (Q2)=1.5 x 0.08=120 liter/hr
(®Nominal flow rate (Qn =(Q3)= 1.5 m3/hr

@Maximum flow rate(Qmax )=(Q4)=1.5 x 2.0=3.0 m3/hr

Table-5 Typical ccalculation table of test water volume

ISO4064-1993 Class | Qmin=Q1 Qt=Q2 Qn=0Q3 Qmax=Q4
A Qn x0.04 Qnx0.10 - Qnx2.0
B Qnx0.02 Qn x0.080 - Qnx2.0
C Qnx0.01 Qnx0.015 - Qnx2.0
+10% Test tolerance Test tol

y est tolerance
i gmph e rings
/‘L——N} / +2.0%
0% 2 | i i
i Minimum ‘starting flow rate E i
/ 8~10 L/Hr : !
-10% : 5 i !
gy BT : : '
Instgtrlrrgfnlal 30L/ hr 120L/ hr 1.5m% hr 3.0m*/ hr
Q1 Q2 Q3 Q4

Figure-19 Typical Instrumental error curve at 3- flow rate (Class B)

@ Determination of allowable error of test water quantity (Refer to Table-6-7)

Table- 6 Typical Allowable tolerance (For New meter)

Test tolerance Flow area
(DRated minimum flow rate | Q1 and above 5 % Small flow
@Transfer flow rate Below Q2 rate range
(@Maximum rated flow rate | Q3 and above +2 % High flow rate
@Limiting flow rate Below Q4 (Water temperature : range

less than 30 degrees)
Table-7 Typical Working tolerance (Using customer meters)

Test tolerance Flow area
(DRated minimum flow rate | Q1 and above +10 % Small flow
@Transfer flow rate Below Q2 rate range
(@Maximum rated flow rate | Q3 and above +4 % High flow rate
@Limiting flow rate Below Q4 (Water temperature : range

less than 30 degrees)
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(3) Points of concern
@ Always calibrate measurement precision with a flow meter.
@ Check that the pressure gauge on the outflow side always has a back pressure of 0.05
KPa (0.51 kgf/cm? =0.00005 bar) or more.(1kpa=0.01 bar)
(3)Water temperature :less than 30 degrees

(4) Equipment used (Refer to Figures 20-21)
(DWater meter test bench,
@ Water tank (small: 100 to 500 liters, large size: 1 m 3or more) - - 1 set
(®Flow meter (3 to 4 types L/h): 5 to 100, 100 to 1000, 1,000 to 100,000) - 1 set
(@Pressure gauge « « + =+ e e 2sets

From Water  £rom Elevated
Distributing  Wwater Tank
Pipeline

2
D - |
B
i
E
a
% | |
(]
Side View - I ———— — -
Shoovansin 00 B] ol Mrieion deen i
F The plan view shows the position. 1 o !
T # bly chart
§ W TReWEH [] E——
2l wa | me | ax =
1 4 | 5 I 6 I 7 I 8
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Fugue-21 Plan of EMBU’s water meter test bench

11. Water Quality Equipment
(1) Object of achievement
a) to determine the water quality of tap water and leak flow.
b) Have the consultation on the findings. (Form-9)

11-1 Determination of residual chlorine by colorimetric method
(1) Object of achievement
The objective is to conduct color discrimination analysis technique with chlorine agent,
from water leakage or tap household use water supply (illegal connection), to
customers in the field.

(2) Reactive color
(a) Normally there is residual chlorine in tap water.
(b) In the colorimetric method, a reagent is added to the test water, and the leak source
is judged from the reaction color.
(c) Generally, the DPD method is used. (Refer to figures 22-23)

(3) Reacted color
a) Diethyl Para Phenylene diamine (DPD) method)
ePcach —change to peach red discoloration
b) Orthotolidine (OT) method

eLight yellow — change to yellowish brown

NOTE: Note: The use of OT method is currently banned in some countries due to

suspected carcinogenic health concerns.

26



DPD reagent used OT reagent used

Figure-22 Colorimetric reaction with residual chlorine

(3) Appliance used

Powder / solid DPD Residual chlorine Spectrophotometric
reagents analyzer residual chlorine analyzer

Figure-23 Measurement equipment

11-2 Water temperature gauge

(1) Object of achievement
a) In this training, skills to measure the temperature of leakage/tap water is learned.

(Refer to Figure-24)

-‘tf

e
=

Parallax error

|

N

® X
How to read the water temperature gauge Rod-like red liquid thermometer
Figure-24 Measurement of Water temperature

11-3 Conductivity meter

(1) Object of achievement
In this training, skills to measure the conductivity of leakage will be learned.

(Refer to Figure-25)
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Figure-25 Measurement of Water Conductivity

11-4 pH measuring instruments
(1) pH meters
(1) Object of achievement
In this training, skills to measure pH from a leak will be learned.
(Refer to Figure 26-27)
Table 8 pH classification

pH Nature of the liquid
0~3.0 Acidic
3.0~6.0 Mild acidity
6.0~8.0 Neutral
8.0~11.0 Weakly alkaline
11.0~14 Alkaline

Figure-26 pH meters
(2) Litmus papers
(a) Object of achievement
In this training, skills to measure pH with litmus paper are learned.

——-— SeWage——e=—

Tap water

Neutral

Il 1 1 1
T T T

] 1 [l 1 |
] 5 686 7 | 8 8 1O 1 12 13 14
Hydrochloric | Lemon Urine | Blood Sodium
acid P —= Soap = .
Citric - hydroxide
d Pure Sodium
act water carbonate
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Figure-27 Measurement of Water pH

12. Measurement of flowing water from a water tap
(1) Object of achievement
a) In this training, measure the amount of water flowing from the faucet so that the amount

of water loss at the leak point can be easily and quickly determined on site.
b) Have the consultation on the findings. (Form-10)

(2) Survey procedure
a) Capture the amount of water from the tap against a given time and save it in a container.
b) Measure the water in the container with a measuring cup or weight and convert it to the
amount of water.
c) Measure the pressure at the outlet of the water supply tap.
d) Record the survey results.
e) Photograph the flow of water.

(3) Relationship between weight of water and volume (volume)

Formula : W=RxV

Here
W = Weight (g)
R = Density g / cm 2= Specific gravity (water = 1)
V = Volume (Capacity) L, cc, mL

Table-9 Conversion table (Water Specific gravity = 1)

\olume Weight Note
L (liter) mL(mill-liter) g (gram) mg(milligram) Z
1.0 1,000 1,000 1,000,000
0.5 500 500 500,000
0.1 100 100 100,000
0.01 10 10 10,000

(4) Equipment used (In the case of small leakage) (Refer to Figure- 28)
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a) Measurement cup,
b) Bucket,

c) Weight scale

d) Stopwatch,

Figure- 28 Equipment for instrumentation

(5) Example
D Water faucet (Dia. 13m/m,5kgf/cm?2)
(@) (b) © Op(d) | Op(e) | . 1?3
No. of Dripping No.of Dripping String cn plug cn plug ully open
30/min, . 95/min. 90 degrees 180 degrees

el el el ol i

Source: JPRC 1995 #20

Items W. Leakage (a) (b) (c) (d) (e) (f)
) Faucet mé/d 0.011 0.036 0.09 309 39.6 56.8

Figure-27 Understanding water leakage (flowing from water faucet)
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13. Formats

(Form-1) Leak survey
(1) CUSTOMER METER: Registry number

(2) Location

(3) Type of Meter

(4) Number of operating months

(5) Name of test staff

(6) Date
Sheet No,
Classification No. of cases % Estimated W. % Remarks
leakage (m%hr.)

1/27-17 on the 20.0 7.3% 4.6 9.6%
distribution pipe
Air vale 30.0 11.0% 2.5 5.2%
11/2”- 27 on the 30.0 11.0% 15.0 31.3%
distribution pipe
Stope cock 70.0 25.6% 5.2 10.8%
Gate valve 15.0 5.5% 3.2 6.7%
Other valve 5.0 1.8% 4.2 8.8%
B. Meter 6.0 2.2% 5.8 12.1%
C. Meter 62.0 22.7% 0.7 1.4%
Inside the house 30.0 11.0% 3.1 6.5%
Other 5.0 1.8% 3.7 71.7%
Total 273.0 100.0% 48.0 100.0%




(Form-2) Leak survey
LEAKAGE REPORT

KENYAWATER INSTITUTE

LEAKAGE REPORT

DATE: ROAD:
BLOCKMAP No.: REPORT No:
Method of LEAKAGE ON: X DN Material
finding: Service Connection
Main Pipe
Pipe Saddle or Ferrule
Pipe Fitting
Estimated loss: Valve
(m3/hr.) Hydrant
Air Valve
Bulk Meter
Pump
COMMENTS:
SKETCH of
LOCATION:
Report issued Report approved Work  Instruction to Work done

32




(Form-3) Leak survey

(1) CUSTOMER METER: Registry number
(2) Location
(3) Type of Meter
(4) Number of operating months
(5) Name of test staff

(6) Date
Sheet No,
Result sheet
Distance of survey conducted
Number of discoveries(Cases)
(km)
Survey method
Year Distance of | Distance of Total
Before the | In the meter
acoustic flow In public road After meter
meter box
detection investigation

Surface leakage 438 631 163 1,159 2,391

2017 June |Discovered by survey
543 12.84 140 261 357 24 782

(DMA-1) |(underground)

Total 543 12.84 578 892 520 1,183 3,173
Surface leakage 396 740 102 1,142 2,380

2017 June |Discovered by survey
639 15.13 202 381 218 27 828

(DMA-1) |(underground)

Total 639 15.13 598 1,121 320 1,169 3,208

Source : Yokosuka City waterworks and sewerage bureau, Water leakage prevention
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(Form-4) Pressure test

Time Pressure Acuml. Note Time Pressure Acuml. Note
(kg.cm2) Flow (m3 (kg.cm2) | Flow (m3
AM 10:30 23:00
11;00 23:30
11:30 24:00
12:00 0;30
12:30 1:00
13:00 1:30
13:30 2:00
14:00 2:30
14:30 3:00
15:00 3:30
15:30 4:00
16:00 4:30
16:30 5:00
17:00 5:30
17;30 6:00
18;00 6:30
18:30 7:00
19:00 7:30
19:30 8:00
20:00 8:30
20:30 9:00
21:00 9:30
21:30 10:00
22:00 10:30
22:30 AM11:00
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(Form-5) Accuracy survey of Customer meter with Master Meter

(1) Custer meter (Registry number)

(2) Location

(3) Type of Meter

(4) Number of operating months

(5) Name of test staff

(6) Date
Sheet No,
Flow rate | Time Reading Customer | MASTER METER Difference | Error | Commentss
(L/min) interval meter (liters) (liters) (%)
(min,) (liters)
Start | End | Total | Start | End | Total
1
2
20 I/hr 3
4
5
10
1
50 I/hr 2
3
4
5
1
100 I/hr 2
3
4
5
1
200 I/hr 2
3
4
5
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(Form-6) Accuracy survey of Customer meter with Master Meter

Date & Name of staff
# Meter | Type Maker Record Customer meter Read Master Meter (liters) Difference Error Comment
R/N of (liters) (liters) (%) pass-f
Meter Start End Total Start End Total ail
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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(Form-7) Customer meter reading &meter condition

Date

Sheet No.

& Name of staff

Meter
R/N

Type of
Meter

Maker

Recording Time (min.)

Reading Meter (liters)

Start

End

Difference

Start

End

Difference

Consumption
amount (liters)

Meter Conditions

Presence of a
leakage W/ LS

10:30

10:30

~24 Hr.

Ol N[O 0| DWW |IN|F

[EY
o

=
=

[EY
N

[EY
w

H
S

N
ol

=
»

=
-~
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Mete
r RIN

Type of
Meter

Maker

Recording Time (min.)

Reading Meter (liters)

Start

End

Difference

Start

End

Difference

Consumption
amount (liters)

Meter Conditions

Presence of a
leakage w/ LS
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(Form-8) Water meter test bench

Sample of Water Meter Testing at EWASCO's Test Bench 2017/6/22
No.l
Your
P1 Inlet Pressure = bars P2 Qutlet Pressure=  bars ISO STD
STD
Total Flow Qn (1500 /h)
Model/ Year of Caliber _
No | Classification Meter sr.n accumulated Total flow vol. = 200 Its (Water Tank volume) Commen
type manufacturer (mm) water (m3) | APpearance  START | END DIFRENCE ts Gommen
0.2 situation Fluctuation in | (4%, or ts
R2-
Volume used 200 Its=1.2 m3 R1 (m3) | R2 (m3) % SLECLAS less)
R1 (m3) Ri1=(m3)
1 old
2 stuck
3 serviced
4 customer
5 customer
6 above 1000
7 above 500
8 new
9
10
No-2
P1 Inlet pressure = 0.4 bars P2 Outlet Pressure=  bars ISO STD | Your STD
Flow Qt (120 Vh)
Total
Meter Model/ Year of Caliber
No  Classification accumulated Total flow vol.=50 Its (Water Tank Volume)
Sr.no type manufacturer (mm) Commen
water (n3) | Appearance Commen
START | END DIFRENCE ts (4%
situation ts
Fluctuation in | OI less)
0.05 R3-
Yo
Volume used 50 1ts=0.05 (m3) R2 (m3) | R3 (m3) % error Yo
R2(m3) R2=(m3)
1 old
2 stuck
3 serviced
4 customer
5 customer
6 above 1000
7 above 500
8 new
9
10
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No3

P1 Inlet pressure = 0.4 bars P2 Outlet Pressure=  bars ISO STD Your STD
Flow Qmin (30 Vh)
Total
Meter Model/ Year of Caliber
No | Classification accumulated Total flow vol.= 20 Its (Water Tank Volume)
Sr.I0 type manufacturer (mm)
water (m3) | Appearance Comments
START | END DIFRENCE (10% or Comments
situation | |CSS)
Fluctuation in
0,02 R4~
error %
Volume used 20 Its= 0,020 (m3) R3 (m3) | R4 (m3) % Crror o
R3(m3) R3=(m3)
| old
2 stuck
3 serviced
4 customer
5 customer
6 above 1000
7 above 500
8 new
9
10
Error table
. Year of . Total Appearan Flow Qn(1,500 L/h) Flow Qn(120L/h) Flow Qn(30L/h)
No. T]eg:]sr:sg:) ma,\rllir;;itzfrer Sr.No. | Model |manufact Yiired C(e:::;r accumulated ce Total Flow Vol (100L) Total Flow Vol (100L) Total Flow Vol (100L)
ure water (m3) | situation | Start End % Start End % Start End %
1
2
3
4
5
6
7
8
9
10
11
12
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Sample of Water Meter Testing at EWASCO's Test Bench

2017/6/15

P1 Inlet Pressure = 0.4 bars P2 Outlet Pressure= 0.05 bars ISOSTD | EMBU STD
Total Flow Qn (1500 I/h)
Model/ Year of Caliber
No [Classfication | Meter sr.no accumalated Total flow vol. = 200 Its (Water Tank volume)
STD |manufacturer| (mm) Appearance Comments Comments
water (m3) START | END DIFRENCE (4% or (5% or less)
situation Fluctuation less)
0.2
Volume used 200 Its=0.2 m3 R1 (m3) | R2 (m3) |[R2-R1=(m3)| % | inerror %
R1 (m3)
1 old H570960 | kss/CB 20 2779.09 2779.09 (2779.301 0.211 105% 5% Pass Pass
2 stuck 2010050430 | psm/CB 20 49.4941 49.4941 | 49.4941 0 0% -100% NO NO
3 serviced 1045307 | psm/CB 20 0.4674 0.4674 | 0.6654 0.198 99% -1% Pass Pass
4 customer 16003525 | inf/CB 20 127.2445 127.2445|127.4468 0.2023 96% -4% Pass Pass
5 customer 15074292 | inf/CB 20 608.5141 608.5141 |608.7122 0.1981 99% -1% Pass Pass
6 over 1000 | 04-1359428 | kss/CB 20 1463.6 1463.6 |1463.758 0.1578 79% -21% NO NO
7 over 500 2010050697 | psm/CB 20 963.903 963.903 964.0919 0.1889 94% -6% NO NO
8 new AC-447853 | psm/CB 20 0.105 0.105 0.303 0.198 99% -1% Pass Pass
P1 Inlet pressure = 0.4 bars P2 Outlet Pressure=  bars ISOSTD | EMBU STD
Total Flow Qt (120 I/h)
Classificatio Model/ Year of Caliber
No Meter sr.no accumalated Total flow vol.=50 Its (Water Tank) c
n type |manufacturer| (mm) Appearance omments Comments
water (m3) START | END DIFRENCE (4% or (5% or less)
situation Fluctuation less)
0.05
Volume used 50 Its=0.05 (m3) R2 (m3) | R3 (m3) | R3-R2=(m3)| % in error %
R2(m3)
1 old H570960 | kss/CB 20 2779.301 2779.301 2779.35 0.049 98% 2% Pass Pass
2 stuck 2010050430 | psm/CB 20 49.4941 49.4941 | 49.4941 0 0% -100% No No
3 serviced 1045307 | psm/CB 20 0.6654 0.6654 | 0.7171 0.0517 103% 3% Pass Pass
4 customer 16003525 | inf/CB 20 127.4468 127.4468 | 127.497 0.0502 102% 2% Pass Pass
5 customer 15074292 | inf/CB 20 608.7122 608.7122 (608.7594 0.0472 94% -6% No No
6 over 1000 | 04-1359428 | kss/CB 20 1463.7578 1463.758 | 1463.807 0.0488 98% -2% Pass Pass
7 over 500 |2010050697 | psm/CB 20 964.0919 964.0919 | 964.1396 0.0477 95% -5% No Pass
8 new AC-447853 | psm/CB 20 0.303 0.303 0.352 0.049 98% 2% Pass Pass
P1 Inlet pressure = 0.4 bars P2 Outlet Pressure=  bars ISOSTD | EMBU STD
Total Flow Qmin (30 I/h)
Classificatio Model/ Year of Caliber
No Meter sr.no accumalated Total flow vol (21) c t
n type |manufacturer| (mm) Appearance omments Not decided
water (m3) START | END DIFRENCE | (0% or vet
situation Fluctuation less)
0.021
Volume used 21 Its= 0.021 (m3) ...... (20 Its) R3 (m3) | R4 (m3) |R4-R3=(m3)| % | inerror %
R3(m3)
1 old H570960 | kss/CB 20 2779.35 2779.35 |2779.371 0.021 100% 0% Pass Pass
2 stuck 2010050430 | psm/CB 20 49.4941 49.4941 | 49.4941 0 0% -100% No Pass
3 serviced 1045307 | psm/CB 20 0.7171 0.7171 | 0.7381 0.021 100% 0% Pass Pass
4 customer 16003525 | inf/CB 20 127.497 127.497 |127.5162 0.0192 91% -9% No Pass
5 customer 15074292 | inf/CB 20 608.7594 608.7594 | 608.7594 0 0% -100% No Pass
6 over 1000 | 04-1359428 | kss/CB 20 1463.8066 1463.807 | 1463.825 0.0181 86% -14% No Pass
7 over 500 2010050697 | psm/CB 20 964.1396 964.1396 | 964.1584 0.0188 90% -10% No Pass
8 new AC-447853 | psm/CB 20 0.352 0.352 0.369 0.017 81% -19% No Pass
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(Form-9) Water quality test
(1) CUSTOMER METER: Registry number

(2) Location

(3) Type of Meter

(4) Number of operating months

(5) Name of test staff

(6) Date

Sheet No,

No. of Location Colorimetric reaction | Numerical value Numerical Date
sample by DPD of Conductivity | value of pH
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(Form-10) Measurement of flowing water

(1) Custer meter (Registry number)
(2) Diameter of a water tap;

(3) Pressure

(4) Name of test staff

mm
(Kg/lcm?)

(5) Date
Sheet No.
Weight Flow Velocity Volume of flowing water (liters) Photo
(g/min) (liters/ min) 60 min 1 day 365 days
5 liters/hr
10,
20,
30
40
50,
70
100,
200
14 Conversion Table
14- 1Pressure
ata (kg/cm?) |mm water (4°C) bar Mpa Kpa PSI( Ib/in)
ata (kg/em?) 1 10,000.03 0.981 0.0981 98.07 14.22
mm water (4°C)| 9.99 x 10° 1 9.81x10° 9.81x10° 9.81x10° 1.422x10°
bar 1.02 101197.44 1 0.1 100 14.5
Mpa 102 | 101,974.42 10 1 1,000 14.5
Kpa 0.01 101.97 0.01 0.001 1 0.145
PSI( Ib/in) 0.07 703, 09 0.0689 6. 893x10° 6,863 1
14-2 Volume Vs Weight (Water Specific gravity = 1)
\Volume Weight Note(500mg)
L (liter) mL(mill-liter) g (gram) | mg(milligram) <o
1.0 1,000 1,000 1,000,000
0.5 500 500 500,000
0.1 100 100 100,000
0.01 10 10 10,000
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14-3 Water density

44

Watcr density (g/cm®)
) After the decimal point
Temp.(c) i 2 3 1 5 § 7 8 9
0 0.999841 | 0.999847 | 0.999854 | 0.999860 | 0.999866 | 0.999872 | 0.999878 | 0.999884 | 0.099889 | 0.999895
T 0.999900 | 0.999905 | 0.999909 | 0.999914 | 0.999918 | 0.999923 | 0.999927 | 0.999930 | 0.999934 | 0.999938
2 0.999941 | 0.999944 | 0.999947 | 0.999950 | 0.999953 | 0.999955 | 0.999958 | 0.999960 | 0.999962 | 0.999964
3 0.999965 | 0.999967 | 0.999968 | 0.999969 | 0.999970 | 0.999971 | 0.999972 | 0.999972 | 0.999973 | 0.999973
2 0.999973 | 0.999973 | 0.999973 | 0.999972 | 0.999972 | 0.999972 | 0.999970 | 0.999969 | 0.999968 | 0.999966
5 0.999965 | 0.999963 | 0.999961 | 0.999959 | 0.999957 | 0.999955 | 0.999952 | 0.999950 | 0.999947 | 0.999944
5 0.999941 [ 0.999938 | 0.999935 | 0.999931 | 0.999927 | 0.999924 | 0.999920 | 0.999916 | 0.999911 | 0.999907
7 0.999902 | 0.999898 | 0.999893 | 0.999888 | 0.999883 | 0.999877 | 0.999872 | 0.999866 | 0.999861 | 0.999855
8 0.999849 | 0.099843 | 0999837 | 0.999830 | 0.999824 | 0999817 | 0999810 | 0.999803 | 0.999796 | 0.999789
9 0.999781 | 0.999774 | 0.999766 | 0.999758 | 0.999751 | 0.999742 | 0.999734 | 0.999726 | 0.999717 | 0.999709
10 0.999700 | 0.999691 | 0.999682 | 0.999673 | 0.999664 | 0.999654 | 0.999645 | 0.999635 | 0.999625 | 0.999615
11 0.999605 | 0.999595 | 0.999585 | 0.999574 | 0.999564 | 0.999553 | 0.999542 | 0.999531 | 0.999520 | 0.999509
12 0.999498 | 0.999486 | 0.999475 | 0.999463 | 0.999451 | 0.999439 | 0.999427 | 0.999415 | 0.999402 | 0.999390
13 0.999377 | 0.999364 | 0.999352 | 0.999339 | 0.999326 | 0.999312 | 0.999299 | 0.999285 | 0.999272 | 0.999258
14 0.999244 | 0.999230 | 0.999216 | 0.999202 | 0.999188 | 0.999173 | 0.999159 | 0.999144 | 0.999129 | 0.999114
15 0.999099 | 0.999084 | 0.999069 | 0.999054 | 0.999038 | 0.999023 | 0.999007 | 0.998991 | 0.998975 | 0.998959
16 0.998943 | 0.998926 | 0.998910 | 0.998893 | 0.998877 | 0.998860 | 0.998843 | 0.998826 | 0.998309 | 0.998792
17 0.998774 | 0.998757 | 0.998739 | 0.998722 | 0.998704 | 0.998686 | 0.998668 | 0.998650 | 0.998632 | 0.998613
18 0.998595 | 0.998576 | 0.998558 | 0.998539 | 0.998520 | 0.998501 | 0.998482 | 0.998463 | 0.998444 | 0.998424
19 0.998405 | 0.998385 | 0.998365 | 0.998345 | 0.998325 | 0.998305 | 0.998285 | 0.998265 | 0.998244 | 0.998224
20 0.998203 | 0.998183 | 0.998162 | 0.998141 | 0.998120 | 0.998099 | 0.998078 | 0.998056 | 0.998035 | 0.998013
21 0.997992 | 0.997970 | 0.997948 | 0.997926 | 0.997904 | 0.997882 | 0.997860 | 0.997837 | 0.997815 | 0.997792
2 0.997770 | 0.997747 | 0.997724 | 0.997701 | 0.997678 | 0.997655 | 0.997632 | 0.997608 | 0.997585 | 0.997561
2 0.997538 | 0.997514 | 0.997490 | 0.997466 | 0.997442 | 0.997418 | 0.997394 | 0.997369 | 0.997345 | 0.997320
2 0.997296 | 0.997271 | 0.997246 | 0.997221 | 0.997196 | 0.997171 | 0.997146 | 0.997120 | 0.997095 | 0.997069
% 0.997044 | 0.997018 | 0.996992 | 0.996967 | 0.996941 | 0.996914 | 0.996888 | 0.996862 | 0.996836 | 0.996809
% 0.996783 | 0.996756 | 0.996729 | 0.996703 | 0.996676 | 0.996649 | 0.996621 | 0.996594 | 0.996567 | 0.996540
21 0.996512 | 0.996485 | 0.996457 | 0.996429 | 0.996401 | 0.996373 | 0.996345 | 0.996317 | 0.996289 | 0.996261
28 0.996232 | 0.996204 | 0.996175 | 0.996147 | 0.996118 | 0.996089 | 0.996060 | 0.996031 | 0.996002 | 0.995973
29 0.995044 | 0.995914 | 0.995885 | 0.995855 | 0.995826 | 0.995/96 | 0.995766 | 0.995736 | 0.995706 | 0.995676
30 0_995646 | 0.995616 | 0.995586 | 0.995555 | 0.095525 | 0.995494 | 0.995464 | 0.995433 | 0.095402 | 0.995371
~END-



@-2 Exercises

Exercises:-1

(DWhen is the minimum water volume(m?hrs.) and time (

) of each table?

@Which minimum flow rate should be estimated as leakage amount?

(3Why was there a difference in minimum flow value?

@How does "water pressure, weather, day of the week" not specified for this data be

influenced by the minimum flow rate survey?
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Exercises-2
(DDescribe how to proceed with additional survey, measuring the minimum flow rate at

night at main distribution pipe line, dia.200mm~500 mm.

Rank | Night minimum flow rate value Contents of additional survey

A | 12m3d/km or less

B 12md/d/km~24md3/d/km or less

C | 24m¥d/km ~50m3/d/km or less

D | 50m%d/ km more
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(6-3) Step test

In this method, the inside of the DMA is subdivided, for example, by piping
branch lines, the smallest nighttime flow rate of the small section is measured
in order, and the leakage amount is assumed from the total of the leakage

sections.

In addition, it is possible to specify the section with the smallest flow rate.

Total MFR = MFR at small section (a) + small section (b)+ .......

Exercises-3

(DWe measured the nighttime minimum flow rate in each small district, but from

which area should we implement leakage countermeasures?

@What is the NRW rate of each section?

(@What is the total leakage amount in this surveyed residential zone ?

@How to deal with it?

Partition Input Loss NRW Piping No. of Expected
number water amount (%) distance faucets leakage amount
(m3/d) (m?3/d) (m) (pcs) (m3m/ d)

No.1 75 45 60 2,500 125 0.018
No.2 60 18 2,000 100 0.009
No.3 45 22.5 1,500 75 0.015
No4 54 43 1,800 90 0.024
No.5 60 21 2,000 100 0.011
No.6 105 63 3,500 175 0.018
Total 399 212.7 Ave. 13,300 665
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5) Exercises-4
(a) We measured the weight of water leakage, but what is the equation for calculating
the leakage volume?

Formula for calculation of water leakage:
V=

(b) What is the unit indicating weight?

(c) What is the unit indicating the quantity?

(d) Calculate leakage amount by measured weight

S

Figure 7-25 Different bottles weigh

Table 7-11 Answer sheet

Container Weight \Volume
Type Empty g (gram) mg L mL
container (g) | Including BOT | (milligram) (liter) (mill-liter)
Measure 31.0 131
cup 42
Bottle 15.0 130
99
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Exercises:-5

Practice for finding water leakage

(3-1) Overview

In this method, when it is difficult to measure the leakage of the high water pressure
distribution pipe, water leakage amount (range from 1.0 cm to 0.01 cm) is converted to
surface area (cm 2) and water leakage amount is predicted from the "quick catch table".
(Refer to Table 7-13)

(3-2) Conditions
(1) Leakage hole diameter: 1.12 cm (radius = 0.564 cm)
(2) Leakage area: 3.14 x radius? = 3.14 x (0.564) 2= 1.0 cm?
(3) Hydraulic pressure: assumed to be 3.0 kef / cm ?

(3-4) Calculation
Select the "pore area 1.0 cm 2 and water pressure 3.0 kef / cm 2" of "Quick Reference Tables".
~Leakage volume is estimated to be about
76.0m3/d=3.16 m3/ min =52.8 L / min

Water Pressure (kgf/cmz)
3.0 4.0 5.0 6.0

Dia. (sz)

1.00 | Water leakage (m*/d) | 76.0 88.0 98.0 107.0
0.60 | Water leakage (m’/d) | 54.0 63.0 70.0 76.0
0.50 | Water leakage (m’/d) | 52.0 60.0 67.0 73.0
0.40 | Water leakage (m’/d) | 50.0 57.0 64.0 70.0
0.30 | Water leakage (m*/d) | 33.0 38.0 43.0 47.0
0.20 | Water leakage (m’/d) | 27.0 31.0 35.0 38.0
0.0 | Water leakage (m¥/d) | 17.0 | 200 | 220 | 240
0.08 | Water leakage (m*/d) | 15.5 18.0 20.0 22.0
0.06 | Water leakage (m’/d) | 11.6 13.4 15.0 16.4
0.04 | Water leakage (m’/d) | 7.7 8.9 10.0 11.0
0.02 | Water leakage (m’/d) | 3.9 4.5 5.0 5.5

0.01 | Water leakage (m’/d) | 1.3 1.6 1.8 2.0

Source: JPRC 1995 #20

Table 7-14 Quick looking table (leakage and water pressure)
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3) -2 Classroom Teaching Material for Text Book



Classroom Teaching Materials for Text Book

_
o\’ )

KENYA WATER INSTITUTE j ICA

INTRODUCTION TO NON-
REVENUE WATER CONCEPT
#1(R-2)

W.MOSETI
JUNE 2019
(KEWI)

1. Objectives

@ Understand the concept of Non-
Revenue Water Reduction.

(2) Understand the components of
Non-Revenue water

@ Understand Vicious circle.
@ The benefits of NRW management.



shimizu
テキスト ボックス
Classroom Teaching Materials for Text Book



2. What is Revenue Water?

* Non-Revenue water is defined as the amount
of water input into the distribution system and
is not translated to revenue.

3. Components of Non-Revenue water

Non

Revenue
Water

Unbilled
D’g:ég; authorised
consumption
' Apparent \ l \
Losses Real Losses
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4. Challenges

Dilapidated infrastructure with high leakage levels

Poor operations and maintenance policy, including
ineffective record

Poor governance

Limited skills in non-revenue water management and
technology

Financial constraints, including ineffective and inefficient
revenue

collection
Weak enabling environment and performance incentives
Political, cultural, and social influences

A higher incidence of commercial water losses, particularly
illegal connections.

5. Vicious circle for Non-Revenue
water

Expenditure is
concentrated
on meeting
increasing
customer

Revenue
decreascosts

inreasees and
operational

Nrw increases
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6. Challenge into Virtuous Circle

Expenditure is
increased to
include
operational
improvements

Investments are Revenues
made in further increase and

NRW reduction operational

programmes costs decrease

7. Challenges that contribute to this
vicious cycle

Denial: The water utility denies the effects of NRW, with reasons like,
«we meet the norm or standard NRW figures, so there is no problem»

lllegal consumption: Utilities claim that it’s mostly illegal connections
that result in unknown consumption.

Network Age: aging water network and associated systems need total
replacement and this can be expensive.

Political interference: Politicians don’t allow disconnection for non-
payment.

New installations easier: Network Capacity/expansion is politically
more important than rehabilitation — it is easier to serve new areas than
it is to carry out repairs.

Skills competence: A utility does not have the right kind of staff.

Intermittent versus sustained supply: Intermittent or rationed supply
keeps water losses low at the expense of customer service.
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8. Benefits of NRW-Management

Reduces energy and treatment chemical costs
Reduces water treatment and pumping costs
Defers capital expenditures

Reduces damage to infrastructure

Improves systems hydraulics and utility efficiency
Reduces unauthorized usage

Reduces potential claims due to water damage
Improves public awareness of water’s value

Improves environmental protection as water
resources become scarcer.

9. Addressing NRW

Implementation of solutions that are practicable

and achievable to reduce NRW.

(1) The first step is to learn about the network and

operating practices. Typical questions during this
process include:

How much water is being lost?
Where are losses occurring?

What strategies can be introduced to reduce
losses and improve performance?

How can we maintain the strategy and sustain
the achievements gained?
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Cont

(2) NRW management is not a one-off activity,
but one requiring a long-term commitment
and involvement of all water utility
departments. There is need for utility
managers to have access to information on
the entire network, which would enable them
to fully understand the nature of NRW and its
impact on utility operations, its financial
health, and customer satisfaction.

Cont

* Asset management
e Operation and maintenance of the infrastructure
e Customer support

* Financial allocation to support NRW strategy or
efforts

* Management support

* Capacity know how — network and non-revenue
water

* Commercial operations




10. Elements to NRW Reduction
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HOW TO CONDUCT WATER
BALANCE
#3(R-1)

W.MOSETI
JUNE 2019
(KEWI)

—_—

& 1. Objectives jica/

@ Understand objective of water
balance

@ Understand components of the
Water Balance

@) Understand Water Balance Terms.

@ Understand how to calculate NRW
ratio




2. What is Water Balance? ji’cA‘

A water balance aims to track and account
every component of water that is supplied to
and extracted from a water supply system
within a defined period of time.

* A clearly defined water balance is the first step
in assessing Non-revenue water and managing
leakage in water distribution networks.

3. Water Balance analysis (IWA STD) jica/

Billed water exported

Billed authorised

: Billed metered consumption Revenue water
consumption Og, |

Autherised

7 Billed unmetered consumption
consumption 0,

Unbilled authorised Unbilled metered consumption

consumption Oy, Unbilled unmetered consumption |

System
input
volume Q; Apparent losses Q,,

Unauthorised consumption |

Customer meter inaccuracies and
data handling errors

Non-revenue

Leakage ontransmission and water

Water losses 0, distribution mains

Leakage and overflows at |

Reatlosses Oy storage tanks

Leakage on service connections |
up to point of customer meter
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”‘?s‘, 4. Components of Water Balance jlﬂ;J

Box 9.1 International Water Association Water Balance

The following are definitions of principal components of IWA water balance.

e System Input Volume is the annual volume put into the part of a water supply system that relates to
water balance calculation.

e Authorized Consumption is the annual volume of metered and/or non-metered water taken by
registered customers, water suppliers, and others who are implicitly or explicitly authorized to do so
for residential, commercial, and industrial purposes. It includes water that is exported.

e Water Losses can be identified by calculating the difference between system input volume and
authorized consumption. They consist of apparent losses and real losses.

e Apparent Losses result from unauthorized consumption and all types of inaccuracies associated
with metering.

® Real Losses result from losses at mains, service reservoirs, and setvice connections (up to the
point of customer metering). The annual volume lost through all types of leaks, bursts, and overflows
depends on their individual frequencies, flow rates, and duration.

e Non-Revenue Water is the difference between system input volume and billed authorized
consumption, and it consists of the following:
« Unbilled Authorized Consumption (usually a minor component of water balance),
* Apparent Losses, and
* Real Losses.

_ ' 5.Index on water balance analysis j|’<:A’

For the management index,
(a) The Non-Revenue Water rate,
(b) The Revenue Water.

This are calculated from the water distribution
analysis table. (Water Balance)
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3 6. Calculation of indicator jiea/
a) Calculation formula of water quantity(m?3)

1) Q1=Q2+Q3

2) Q3=Q1-Q2

3) Q2=Q1-Q3

b )Formula for calculating percentage (%)
1) Q3(%)=(Q3+Q1)x100
2) Q2(%) =(Q2+Q1)x100
3) Q3(%)=(Q3+Q1)x100

P 7. Points to note in Water !
— Balance Analysis JICA

(1) Preliminary preparation items
@ Is the measurements accurate and flow meter appropriate?
@ Is the measurement point / appropriate?
@) Is the flow rate calculation method appropriate?

(2) Procedure for measuring and recording flow
rates
@ System Input Volume

(@ Water volume of each distribution Zone (DMA) block
Q) Billed Authorized Consumption
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LJ 8. Benefits of NRW-Management ji’c;’

(3) Revenue Water volume
(1 Whether the amount of water in the fixed rate tariff is
appropriate?
(@ What is the insensitive amount of water (measurement
error) of the meter?
@) Is the amount of water per one stopper of the fixed rate
tariff appropriate?

@ Is there a mistake in the presence of illegal connections,
or the amount of water used for free tariff?

(4) Un received water quantity

(@ The amount of non-revenue water shall be the amount of
water obtained by subtracting the amount of total
collected water from the total water distribution.

9. What is the insensitive water volume _

L __ of the water meter? jICAJ

It is the amount of water that cannot be measured
with a meter due to a small flow rate (called initial
water flow) that cannot be measured by a water
meter and measurement accuracy of the meter
(called instrumental error).
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10. Year of use of meter and .
insensitive water rate (%)

N
jica

[y

Rate Insensible Water Loss (%)
o ORI

I
—

L7

¢ 1 2 3 4 5 6

Age of Service (Years)
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HOW TO MANAGE DISTRIBUTION
NETWORK
#4(R-1)

W.MOSETI
JUNE 2019
(KEWI)

—

= 1. Objectives ji’cn‘
Understand:-
(D The role of the distribution pipe network.

(@The components of the pipeline that
constitutes the water supply facility.

@ The layout of water distribution network
@The role and managing of water distribution
network

(BThe challenges of managing water
distribution network in Kenya
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R4 2. Introduction jica/

* The distribution pipe network has the function of
transporting, distributing, and supplying purified
water, and it is necessary that the water supply is
stably supplied at an appropriate water pressure
at all times, and in order to be able to maintain
the supply of water at emergency.

 Since most of the water distribution pipes are laid
under the ground, it is necessary to construct a
piping network in which Operation and
Maintenance is easy and water quality in the
pipe can be maintained

3. Key Words jica/

1) Raw water Pipe (channel)
2) Main water distribution pipe (Transmission pipe)
3) Water distribution pipe
4) Water service pipe

5) Gravity flow method

6) Pumping method

7) Combined method

8) Blocking / Zoning

9) Hydraulic control

10) Water hammer

11) Mapping

12) GIS
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s, 4. Facility function and roles of the P %
i water distribution network jICA}

The role of the water distribution network is to
provide water supply service that enables the
following basic elements to be fairly safe and
secure to all beneficiaries.

(D Water volume (Provide adequate amount of
water)

@ Hydraulic pressure (maintenance of steady pipe
water pressure)

3 Water quality (Provide safe water quality
conforming to water quality standards)

5. management of water distribution 4™
network e

Main items to be implemented for maintaining the
function of the water distribution network are:-

(D Facility management that can cope with an increase
in water demand

(2 Maintenance and management of the flexibility of
pipeline that can provide stable (safe and secure)
water supply service even in leakage / water cutoff

3 Sustainability maintenance of the service life of the
distribution
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e 7. Flow of Constituent Facilities g
i of Water Supply Facilities JICA

. Pumps

k3 8. Challenges in Kenya jica’

(DOccurrence of unfair balance of water distribution and
water rationing

(@Unplanned expansion work

@Insufficient number of control/ Isolation valves
@lllegal connections

B Mapping or GIS/ Asset ledger

®Inadequate of proper repair materials used
@DlImproper construction supervision

®)Insufficient maintenance of function monitoring system
@Insufficient investigation of underground leakage
Insufficient cleaning of pipe network




e 9. Focus on improving maintenance o
... function of piping network jica’
Improvement on the following:-
1) Blocking and zoning of distribution areas,
2) Monitoring system in water distribution network
3) Water pressure management
4) Water distribution regularly
5) Water hammer reduction
6) Pipeline drawing arrangement (by mapping)
7) Pipeline/ Implementation of physical evaluation

___._ Cont: ji’cn)
8) Water leakage survey by leak detectors,

9)The operations and maintenance of distributing
reservoirs

10) Confirmation of functions of valves
11) Rehabilitation and renewal of distribution pipes

12) Upgrading of ledger (pipe ledger, valve ledger,
asset ledger, leakage accident ledger)

13) Upgrading store stock yard management of
materials / equipment

14) Offer maintenance records of underground buried
pipe
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. Cont: Appliance of an automatic -~
... I pressure monitor JICA

Mobile
Communication Network

Module : _
o

i %
ml
Flowmeter & # = = || | Office’s | e,
|- . ==
Pressure Gauge U e M PCS | o
e = |

WSP's Server

Cont: Typical monitoring system of Flow meter, -
water pressure gauges and chlorine sensor jiCA‘J
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CONCEPT OF PHYSICAL LOSSES
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#5 Physical Losses

1. Objective

@ Understand how reduction of physical losses
@ Understand the components of physical losses
@ Understand the sources of physical losses

@ Understand the causes of physical losses

@ Understand the factors that influence leakage
occurrence

@ Understand the layout of water facilities

@ Understand the importance of leak records
Understand pipe laying procedures

@ Understand on how to detect water leakages
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2. Introduction

Water losses occur in all distribution networks,
even new ones. Physical Water Losses
sometimes called ‘real losses’ or ‘leakage’
includes the total volume of water losses minus
commercial losses.

3. Component of Physical (Real)
Losses

Physical

Losses
Visible Non-Visible
Leakage Leakage
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4. Component of non-revenue water

=0

D2 ' 7

[ Water Losses } [ Unbilled Authorized

J

Consumption
]

V4{ Real Losses } { Apparent Losses JV-’J

5. Causes of Physical Losses

1. Poor network design

* Wrong Initial piping and construction
works.

e Poor Jointing and fittings.

* Lack of / wrong positioning of
appurtenances.

* Inappropriate pipe laying and backfilling
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Cont

2. Pipe Material
* Wrong choice of pipe material
» Defects on pipe material
* Deterioration due to age

Cont

3. Internal Pipe Conditions

* Poor water quality may lead to interior pipe
damage.

* Very high water pressures causing bursts.
* Vacuum pressures that may collapse the
pipe.
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Cont

4. External Conditions
* Excessive traffic loading and vibrations

* Interference from other public works e.g
roads and cable installation requiring
excavations.

e Corrosive soils
* Agricultural and Animal activities.

Cont

5. Natural Calamities
* Floods, mudslides and landslides
* Earth movements e.g. Earthquakes




Samples of leak points
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Objectives

« (DUnderstand what is Leak prevention work

* (2 Understand Main basic countermeasure
work against leakage

« 3 Understand Concept of Leakage
Recurrence

« @ Understand Concept of compositional unit
of total water leakage

« B Understand Concept of Record sheet of
leakage survey
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Introduction

* Water leaks can be either surface or
underground.

* When water leaks to the surface, it can be
seen & repaired quickly.

* If it does not appear on the surface, it will
continue to leak for a long time.

Introduction

* Most leak losses by volume over time occur
on customer service connection piping — not
water mains

* Policies that place the burden on customers to
repair leaks on their service connections are
often inefficient

* New policies/programs to address service line
leakage are needed to economically reduce
this leakage




Key words

e Surface Leakage :- Visible Leakage
¢ Underground Leakage :- Non-Visible Leakage

* Leakage Recurrence :- Amount of leakage which increased with time from
remaining leakage

¢ Remaining leakage :- Amount of the minimum leakage amount, immediately after
the measure

against leakage

* Total water leakage :- Restored amount + Remaining leakage =Preventable leakage
by technology +

unable to prevent leakage + True water leakage= Allowable
water leakage +

* Allowable leakage :- Quantity which admits the amount of leakage of water
* Electrolytic corrosion :- Is an accelerated corrosion when a metal is in contact with
another in presence of electric current
e Peatlands :- Accumulation of partially decayed vegetation or organic matter unique
to natural areas

Objectives of Basic concept of leakage
prevention work

To understand the need;-
(1) To Increase efficiency in O&M of our water
schemes
(2) To Increase knowledge of our networks (via
Mapping and /or GIS systems, computer
modelling) and consumption patterns (via
metering)

2019/8/15



Objectives of Basic concept of leakage
prevention work

(3) For Value for money by deferring capital

expenditure on new water supply schemes

through improved supply and reduced
consumption

(4) For Environmental protection by deferring
new water sources

Objectives of Basic concept of leakage
prevention work

(5) To Improve supply service to our consumers

(6) For PR of the need for water conservation.
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Leak prevention works

Guidelines for leak prevention

In formulating the water leak prevention plan,
it is necessary to consider economic efficiency
considering the water demand plan of each
city,
the actual condition of water resources,
facility size,
etc.
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Water leak prevention measures

Leakage countermeasures work is divided into
three categories

1. Implementation of Collection / analysis of
basic information
2. Implementation of Survey of leakage
volume
3. Implementation of Preventive measures

Implementation of Collection / analysis of
basic information

The main basic countermeasure work is
collection of information necessary for action
against leakage and analysis of the result.

(1) Creating pipeline drawings
(a) Creating pipeline
(b) Mapping - Creating a GIS diagram
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Implementation of Collection /
analysis of basic information

(2) Implementation of water distribution
analysis, others
(a) DMA conversion
(b) Installation of bulk meter and customer
meter
(c) Analysis of leak occurrence records, others

Implementation of Survey of leak
volume

Investigation of leaks (surface and underground)
from buried pipeline, and survey of water leakage
and implementation of early repair work.

(1) Method of leakage survey work
* Mobility investigation work

* (a) Repair ground leakage discovered by
notification from the citizen and patrolling.

* (b) Correspond in principle on the same day
repair.
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Implementation of Survey of leak
volume

* Planning survey work
The method for investigating water leakage can
be divided into two.

(a) Selection measurement work

(Determine leakage abundance in the survey area
beforehand and conduct detailed leakage survey)

(b) Cyclic measurement work

(Do not measure the leakage abundance of the
survey section beforehand and conduct the
leakage investigation directly in order)

Implementation of Survey of leak
volume

« D Survey of restored water volume
Regardless of once repairing water leakage,
new leakage occurs as time passes (called
restoration of leakage), so regularly investigate
this restoration leakage
.".Control index of recovery volume (m3 /
day:/ km / year)
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Implementation of Survey of leak
volume

Prevented

amount
Restored
amount

e Prevented
amount

Water {{ Amount

leakage |{ being

(ms/d) | restored
| Hemninmg Remaining I
[y leskuge leakage !
i | <
i iz - Period (Year)

A A &
At the end of At the end of Present time

the last work previous work

- - -
Number of years of cycle Number of years in Progress

Implementation of Survey of leak
volume

@) selection of an investigation area

* (a) When doing leakage-of-water prevention
work, it is necessary to select the area which
should be investigated first in the order of

priority.

* (b) In selection of an investigation area, you have
to take into consideration the number of the past
leaks repaired in the area, the age of the pipeline,

the depth of the water table, the status of
preparation of a sewer, etc.
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Implementation of Survey of leak

volume

®Evaluation of effectiveness and economy
The economics of leakage prevention needs to

be evaluated from the following.

Frequency of investigation

Amount of work involved ir-conducting the
survey

Implementation of Survey of leak

Water
leakage

Water
leakage= 0

volume

Water leakage before prevention

v
Reduction amount (70 to 80% of
11 1) Preventable
actual loss amount) leakage volume by
. . survey technology
Leakage after prevention v
Leakage volume which can not be 2) Unable to prevent water for
prevented various reasons
3) True water leakage Allowable leakage=Remaiung leakage

2019/8/15

10



Implementation of Preventive
measures

* Based on the results of leakage survey, repair and

updated facilities, reduce leakage rate. The main
outlines of the study are as follows.
(D Create a plan

eDraw up an effective facility improvement plans

eUpgrading of equipment in piping network of

water supply equipment

eStrengthening O/M organization and monitoring

system of distribution network

Implementation of Preventive
measures

@ Implementation of repair / renewal of distribution facilities

eRepair of water supply equipment and measures

e®Replacing the installation of the water supply pipe ... From
the branch point to the meter, partial repair leaves the
factor of recurrence.

eRemoval of public water stop cock
eDisposal of remaining pipes
eOptimization of burial depth

e Consideration of used piping type

e Construction management of backfill soil
eCollection of pipeline information

2019/8/15
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Implementation of Preventive
measures
@ Structural improvement of water supply
equipment
® Integration of multilayer pipes
oElimination of road crossing pipe

eExamination of material used. Pipe caliber
used

eReview of meter installation, etc.

Case study of leak occurrence(surface
leakage)

* An example of a typical site of water leakage is
shown below.
Incidentally, the number of small water
leakage from the water supply pipe is large,
and when left for a long time the leakage
volume increases.

12



Case study of leak occurrence(surface

[(DL=ztzgs point of walksr I} Laglzgs point of watsr supply pips
distribution valwes Szt 1_.,_,112&& Tares lealams
WEter combrol vahres ) vahees Stopoocks wakr Eps Branch pert from the water
disribution pips
- Fige Ippdrants, Air valves Presswre  Mleter insgllation locatims Inzufficient matrizl strensth of he

reducing valwe Toint towzer supply pipes/ Joint waker upply pipe. poor

- Watar pipa 2 constuchion part
g X 1 ] r";': i

Capture the actual condition of
leakage and keep records

e Capture the actual condition

In order to prevent water leakage, it is
necessary to first analyze the results of leaks
occurred in the past, to analyze the actual
condition of leakage and causes, and to better
understand the leakage phenomenon.

2019/8/15
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Capture the actual condition of
leakage and keep records

 Utilization of records
The record of leakage survey is important for
future planning of piping network update plan
and piping network management by GIS, so it
is important to capture and keep records

Capture the actual condition of
leakage and keep records

* Example of recording form

(1) Water leakage occurrence record by facility
We organize the number of water leaks and the
amount of water leakage every place where
leakage occurred (by district, by leakage survey
block by block, address, survey execution time,
facility part, caliber, etc.).

The amount of water leakage is an estimation from
leak points, leakage noise, wet condition in the
ground, etc. at the times of checking leakage.

2019/8/15
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Example of recording form

N AT e Water supply equipment
Wame of facility | Womberof | Waer kakage | Name of facility Number of Weer lbakags
water leaks {m3) watsr lzaks {m3)
1. Top of Pips 1. Top of Bips
2. Fittings 1. Fittings
3.G. packing of 3. Water fancets
valve
4. Firs hydrantz 4, Stopvatves
{umion)
5. Gats valvaz 5. Water fancets
{uion)
&, Air valves 6. Stop vatee (G.
packing)
7. Drain 7. siop cock
B, Other & Meer (Union)
Distribution branch D Parts {slbow)
1. Top of Pips 10. Parie
(chesss)
1. Fittings 11. Partz
3. G. packing of 12 Vater hlster
valva
wd. Fire pdrants 13. Pariz (Saddle
3. Gate valvez 14. Poriz
(zockat)
8. Air valvesz 15. Ball taps
7. Drain 16. Other
8. Other

Capture the actual condition of

leakage and keep records

(2) Record of leakage survey

There is a record of the repair situation as a
method to know the actual condition of water
leakage.

2019/8/15
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Record Table of Leakage Repair

(Numberof|
vater

Disti
==
Lesiaz:

i pipe
Cot  Proo

[Fumber of
vater  Lekamim )

Water suplveips
Es Cat

Bhoto

tstion
cment

Record Table of Investigation of laying
condition

Investigztion of lzving Number
condition of wakr

Diztributin
leziz
Lazlzgs
{m®

1

H.
b

gl?

t

Photo

Waber supy
Numnber
of waker

ply pripe
le=ks
Lesizm

{m ¥y

Baoto

Distribotion of corrosive
buried environment

Pzinting condition of buri=d
pipeline

Corrosion sitetion of
pipeline

Distribution of water laskass
sccident

2019/8/15
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Preparation of management
indicators by leakage area

For effective data for leakage prevention work, it is
desirable to set / record-management indicators
and to be reflected in the project management
plan.

Eg:

* (a) Leakage per 1 km of distribution branch (m3/
day / km) by region or by section

* (b) Number of water leakage repairs (cases / km)

* (c) Other indicators

Corrosion occurrence Investigation

(a) Inner surface

* Rust bumps etc. occur on the inner surface of
the pipe of the aged pipe, and the friction
resistance of the pipe line increases or
decreases, and there is a situation where it is
impossible to supply sufficient water pressure
and water supply amount.

2019/8/15
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Survey items on occurrence of inner
surface (corrosion bumps)

Na Survey item Conents
1 Mo lining pips (inner surfacs) Locztiondizm ater’ czliber’ Mumber of vears pasad
b Mon-oorrosive protective pips (inner surfacs) Loczationdizmeter caliber Momber of vears passed
3 Imeestization of flow wlocity (m /5 Distributing pips/ Water supply pips
4 Survey of flow Ete (o * /) Distributine pipe’ Waer supply pipe’ Wakr =pe

in

=Y

Survey of waker prasauz iz T

Fraguency of mzinenznce

Distributing pipe’ Water supply pipe’ Walsr taps
Dizin fraquence Trzinpipe dizmeatesr / inernz] repeir

Survey of wakr quality (unue] tzaarad
vater’ Residuz] chlorine ofers)

Distritwtine pipe’ Waer supply pipe’ Wakr t=ps

Corrosion of the inner surface

2019/8/15
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Corrosion occurrence Investigation

(b) Outer surface (laying conditions

* This item is a survey on the actual condition of
"deterioration of pipeline due to pipeline
installation conditions".

I-Jl—l'?l

Corrosion occurrence Investigation

o Survey item Contents
Distribution of cornoeive turied environment | Plae/czuss of cormosive emvinonment
Bzintins condition of burisd pipsline Mlzerizl caliber mumber of wesrs pessed. totzl lensth (en)

Corrosion simetion of pipeline Corpaion condition of pipsline’ rust condition of bolt'pips
frictness

Distribution of walker leslzze aocident Lomfion cal fbercomroeion sEtue of 1=k pipelesizzs aea
TElE prEszre

2019/8/15
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Corrosion occurrence Investigation

(c) Cause of metal buried pipe corrosion

* When a metal pipe which is not properly
protected against corrosion, laid under
corrosive soil conditions, outer surface will
corrosion quickly and the strength of the pipe
remarkably lowered, which causes water
leakage.

Cause of metal buried pipe corrosion

The laying conditions under which corrosion

easily occurs are:-

* Where electrolytic corrosion occurs

* The pipeline is dirty (mud may cause pipes to corrode)

* Place where liquid acidic factory waste penetrates underground
* Places where corrosion progresses under the ground water table
* Places containing salt in the groundwater

* Acid soil (pH 4 or less),

* Evenin the alkaline range of pH 8.5 or higher, (so-called natural
alkaline soil) may be susceptible to corrosion

¢ Peatlands and waste landfill areas

2019/8/15
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Cause of metal buried pipe corrosion

Electrolytic Corrosion of mild steel pipe

2019/8/15
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1.0bjectives

(Munderstand why reduce leakage?

@ Understand concept of how to identify leak location
@ Understand type of noise

@ Understand type of leakage detectors
(B®Understand general purpose of Preliminary survey

®Understand general purpose of flowrate survey of
MNF

(DUnderstand measuring method of the amount of
leakage

®Understand concept of relationship between leakage
and pressure




2. Introduction

2-1.What is leakage?

* Leakage occurs when the water your system
produces leaves the system before it reaches

your customers.

“leakage” includes:

* Physical or “real losses” such as water lost
from main breaks and tank overflows.

* Inaccurate meters, accounting errors and
theft. Many people call these losses,
“apparent losses.”

* All unauthorized uses and any water you
cannot account for.
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2-2.Why reduce leakage?

* Reducing leaks has many benefits for water
systems and customers including greater
reliability through an efficient water system,
reduced costs for pumping, treating, and
transporting water, and preserving water
supplies for future use.

4. Procedure of the NRW reduction
measures

4-10utline

* Discover leakage of "water distribution
network" at an early stage.

* Itis important to implement repair work as
soon as possible and to prevent water leakage
beforehand

* Improvement measures of many waterworks
facilities are planned to replace the old ones




Examination method of a leakage

(D Method of identifying water leakage location
by leakage sound (listening stick, correlation
method, time integral type leakage detector,
etc.)

@ Method of measuring leakage volume (Night
minimum flow rate measurement method,
others)

(2) Concept of leakage

* Measurement of "leakage" in general means
the measurement of the total water leakage.

* "Recovery water leakage amount" is obtained
from the following calculation formula.

.. Total leakage volume = (Restored leakage) +
(Allowable leakage)

.".Restored leakage volume (Remaining
leakage)

= (Total leakage) — (Acceptable leakage)
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(3) Main effective basic policy of
leakage preventive measures

* Leakage survey is the collection of basic
information indispensable for formulation of
NRW reduction plan.

* Activities to prevent water leakage means to
continually investigate changes in the piping
facility situation and to permanently take
measures against water leakage at the facility.

Cont

The main activities are shown below.

@ Detection of leak points early

@ Measuring water leakage

@ Improvement of old pipeline quickly and
systematically

@ Simplification of multiple small pipes,




(4) Precondition of leakage
examination

@Upgrading of piping network diagram
@Installation of isolation valves for DMA

@Installation of measuring instrument (bulk
meter)

@Installation of customer meter
@ Install water level in the water reservoir

4-2 Outline of an investigation
procedure

(1) Observation survey (preliminary survey)
Outline of work

@Survey of door to door is a process of
bringing with Listening stick / time integral
type leakage detector into contact with all
customer meters

2019/8/15



uuuuu
kage measurement work is a work to grasp the of the NRW of the small piping in stages from the trunk water distribution pipe in the DMA and to specify the

Investlgatlon procedure Cont

@In the night-time when the traffic low,
identify the location of leakage on the road
surface with the digital leak detector.

@Selection of the DMA, consideration of past
leakage occurrence situation and the aging
pipes.

@In places suspected of leakage from survey
work, specify the position with paint.

Investigation procedure Cont

(2) Leakage measurement work (full-scale
survey)

@Measurement is carried out in order to
accurately grasp the amount of leakage of
each DMA. (For example, conduct with Night
minimum flow rate measurement)

@Thenumber of faucets to be investigated is
limited to 300 plugs to 400 plugs or less.

2019/8/15



Investigation procedure Cont

. @Prediction of water leakage in all water
supply districts is estimated from leakage
amount of each DMA.

. @ Survey of leakage volume of each DMA
will be used for consideration with priorities of
effective detailed investigation.

Investigation procedure Cont

(3) Confirmation of water leakage location

* Qutline of work

(Dinvestigate the position of the detected abnormal
sound again and judge the presence or absence
of leakage.

@ If it is confirmed as a water leakage point,
further work out the central point.

3 To determine the position of the water leakage
sound hole, drill a hole in the road surface, insert
a sound hearing bar, and check the leakage
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Investigation procedure Cont

(4) Improvement of old pipe
@ Renewal

@ Rehabilitation

@ Partial repair

@ Change of pipe route

Investigation procedure Cont

(5) Points to be aware of when selecting piping
improvement method

@Confirmation of the cause of the functionally
damaged pipeline (pipe type, years of use,
frequent occurrence of accidents, etc.)

@Confirmation of the scale of leakage pipeline

@ Confirmation of the work environment at the
site (difficult to improve)

@Securing construction costs, others

2019/8/15



Investigation procedure Cont

4-3 Approach of leakage investigation

(1) Approach to narrow down a water-leakage
area

(A)"Surface detection"; (by Circuit investigation
“preliminary survey”)
This is a survey that specifies the leakage
volume generated in DMA as "rough".

Investigation procedure Cont

(B) "Line detection": (leakage measurement
work: full-scale survey)
This is a survey to identify the location of the
leak pipe route in the DMA rail.

(C) "Point detection"; (Confirmation work on
leakage points)
It is a survey to confirm the leakage location of
the specified leakage pipe

2019/8/15
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Investigation procedure Cont

Classification

Items to investigate

Equipment used

(A) Calculation on medium blocks (leakage | Flow meter at
Surface volume / NRW rate distribution pond
detection (Electromagnetic flow
meter, etc.)
Calculationon small blocks (leakage rate | Portable flow meter
/ NRW rate) (Ultrasonic)
(B) Survey of acoustic noise of stop-cock | Water leak detector

Line detection

/Valve (identification of leakage location)

Leak pressure level
(Identification of leak location)

detector

Correlation noise leak
detector

(C)
Point
detection

Correlation survey (confirmation of leakage point)

Survey of water leakage sound on pipeline (Confirmation of water

leakage point)

Acoustic survey of stop-cock (confirmation of water leakage point)

5. Specificity of leakage sound

5-1. Generation of leak noise
Leak noise or vibration sound:-

@ Fricative sound when water spouts from the leak
hole to the outside of the pipe

@ Impact sound that the jetted water collides with
the surroundings

@) Frictional sound or turbulent sound flowing in
the pipe

@ Synthesized sound / vibration waveform

2019/8/15
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5-2. Leak Sound Characteristic

« (D Leakage sound depends on the state of its
generation point (depth of leakage point,
direction of leakage point, leak hole, damage
shape, water pressure, tube material, valve
opening, water pressure, surrounding pipeline
state, etc.)

Leak Sound Characteristic

@ "Level" of leakage sound is influenced by pipe
type, flow speed in pipe, leak hole-diameter,
etc. There is a limit in leak detection ability
depending on the type of detector.

3 Leakage sound varies depending on the
propagation path (soil, concrete, pipe
material etc.) and propagation distance.

2019/8/15
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Leak Sound Characteristic

@ The leakage sound attenuates as it
propagates from the generation point.
In particular, non-metallic tubes such as VP
pipes tend to have more remarkable
attenuation in the high frequency range than
metals such as cast iron pipes.

Leak Sound Characteristic

(® Changes in water leakage sound due to water
leak hole, water pressure, etc. tend to
increase leak noise usually when the water
pressure is high.

® Water leakage noise in a low water pressure
network (about 0.05 MPa: water column 5 m
or less) is "low", so leakage detection may be
difficult.

2019/8/15
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5-3. Pseudo leakage sound

* Noise or simulated noise (pseudo leakage
sound) similar to leaky sound is often a
problem in detection of hearing performed at
midnight.

Pseudo leakage sound

(1) Cause of pseudo noise
1) Running water sound in the water pipe
(2 User tone of water supply
3 Circuit sound such as power cable
4) Vibration noise of power transformer
B Motor vibration sound of vending machine /
air conditioning equipment
® Sewage flowing water sound
(?) Water drop sound falling into the manholes
(8 Vehicle vibration noise, wind noise
(9 Noise of work
10) Urban noise, others

14



ground leakage point
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6. How to apply leakage detectors

6.1 Detection methods of point of leakage and
leakage volume

* The investigation methods for checking the
presence or absence of water leak include the
method of identifying the water leakage
position (e.g., sound listening, correlation
method, time integral formula) and
measurement of water leakage (e.g.,
nighttime minimum flow rate).

2019/8/15
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(1) Procedure for water leakage survey
(D Formulation of survey plan
a) Preliminary survey
b) Full investigation
c) Confirmation survey

(@Formulation of survey methods on leakage point and
volume

Equipment
a) Specific investigation of water leakage location (e.g.,

a listening stick, correlation method, time integral
equation)

b) Measurement of water leakage (e.g., minimum
nighttime flow rate by flow meter).

c)Confirmation of leakage point (e.g., boring
equipment)

2019/8/15
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(3)Evaluation criteria for frequency rank of acoustic
noise detection survey and leakage volume
survey

* Frequency rank of implementation of acoustic
noise detection survey

 As for the evaluation of the leakage survey
frequency in the water supply district, it is
important to formulate the ranking of the survey
frequency in advance by referring to the number
of water leaks so far

e

2019/8/15
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7. Preliminary survey method with
Acoustic leak detectors

7-1. planningfor preliminary survey

(a) Purpose
The preliminary survey is carried out to grasp
the current state of water leakage in order to
formulate a full-scale research plan

Preliminary survey method with
Acoustic leak detectors

(b) Survey method

* Itis carried out with the most basic leakage
survey method called "standard survey
method" centered on tone survey In addition,
many leakage investigations are applied by
combining this survey method.

18



Preliminary survey method with
Acoustic leak detectors

7-3. Outline of work
(1)Creation of work plan

* The work plan is composed of preparation of
plans necessary for investigation, process
control and selection of workers and so on.

Preliminary survey method with
Acoustic leak detectors

Main work contents
(a) Creating a work plan
- Understanding the contents of the survey
--Confirmation of the drawing in the survey
area
--Establishment of survey formation team
- Create a process chart
- Function check of used equipment

2019/8/15
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Preliminary survey method with
Acoustic leak detectors

(b) To hold a preliminary meeting with workers.
(c) Consider how to compile daily work results.

(2) Items to be checked in advance
(a)Check documents to be submitted.
(b) Information disclosure to inhabitants and
announcement
(c) Correction of incomplete drawing
(d) Confirmation of work contents
(e) Confirmation of the form of the report.

survey method with Acoustic leak
detectors

7-4. Implementation of preliminary site survey

In-situ preview survey is to conduct survey on-
site in the survey target DMA in advance, to
understand the accuracy of the piping
drawing, the situation of the water
distribution facility, the road surface
condition, and as a result so that proper and
accurate this survey can be carried out

2019/8/15
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survey method with Acoustic leak
detectors

survey method with Acoustic leak
detectors

(1) Main work
(DConfirmation of buried piping route
(@ Check the location where valves are installed,
® Confirmation of the source of trouble
vibration given to sound listening test of stop
valve
@ Survey of position unknown valves and piping
routes, confirmation of these places in the office
® Confirm embedment status of electricity, gas,
communication facilities etc.

21



survey method with Acoustic leak
detectors
(2) Equipment to be used

@ Listening stick
@) Digital noise leak noise detectors, others

survey method with Acoustic leak
detectors

7-5. Implementation of survey on door-to-door by
acoustic noise detection

* The door-to-door listening survey is a process in
which all water supply devices (including
customer meters / stopcocks) and piping
(including exposed parts such as gate valves, fire
hydrants and water pipe bridges) in the DMA
where are subjected to water leakage detection
and visual confirmation .

2019/8/15
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survey method with Acoustic leak
detectors

(1) Main work

(@ Acoustic surveillance with a plug valve
This survey is to check the presence or absence of
leakage with a listening stick to the spindles part of the
gate valve installed in the water distribution pipe, a fire
hydrant valve, an opening / closing stopper, an air
valve.

@ Acoustic surveillance with a meter / a stop-cock
This survey is to check the presence or absence of
leakage with a listening stick to a stop-cock, a customer
meter.

survey method with Acoustic leak
detectors
 Ifitis recognized as a leaky sound, close the

stopcock for a short time and check again for
leaky sound
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Survey method with Acoustic leak
detectors

@ When checking abnormal sounds, check marks
are given on the drawing and survey points.
It is subject to the road surface tone survey
conducted at a later date.

@ Leakage sound confirmed with a meter or a
stopcock is different in the magnitude of sound
that can be heard depending on leakage
condition / place / water pressure. Care must be
taken in identifying leak points.

Survey method with Acoustic leak
detectors

® If you need to enter the residential area,
always wear an identity card and armband so
that you do not have trouble with the
residents. We also request advance inquiries
and cooperation to the residents in advance

2019/8/15
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Survey method with Acoustic leak
detectors

(2) Equipment to be used
@ Listening stick / digital listening stick.
@ Time integrated type leak detector
3 Road surface digital noise leak detector,
others

Survey method with Acoustic leak

detectors

2019/8/15
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Survey method with Acoustic leak
detectors

7-6. Implementation of survey on road surface by

acoustic noise detection

This survey is a walking survey on roads where buried
pipes are laid by Road surface digital noise leak
detection sensors at intervals of 0.5 to 1.0 m, and
explores leakage sites.

The survey is carried out during the time period
(nighttime) which is not affected by dummy sounds
such as noise and water used, but it is susceptible to
weather conditions such as wind and rain and traffic
vehicles.

Survey method with Acoustic leak
detectors

(1) Main work

@ If you have confirmed abnormal sounds,
put a check mark on the road (white stain)
and drawing, and make a detailed
confirmation investigation.

@As an auxiliary work, listen to a water stop
valve, a water control valve, a fire hydrant
with a listening stick

2019/8/15
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Survey method with Acoustic leak
detectors

(2) Equipment to be used
(D Road surface digital noise leak detector
@Listening stick / digital listening stick, others

@ Tool

|/ Maximum Sensitivity [ T !
g R

‘\enmmly Curve

"y [ B [
apie el =1}
Grc 1d Surface

verification survey
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Survey method with Acoustic leak
detectors

7-7. Implementation of verification survey

Confirmation survey is the work at the final
stage of the leakage investigation to further
examine the location of the abnormal sounds
found from the previous survey, to determine
whether there is water leakage and the water
leakage point

Implementation of verification survey

(1) Main work

e« D Inthe drilling operation, to identify the
leakage position under a hard road surface,
open 2 to 4 holes with a diameter of about 15
to 20 mm. Using the several openings, drill
holes to near the buried pipe predicted by the
boring bar. (Be careful not to damage the
buried pipe)

2019/8/15
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Implementation of verification survey

@) To determine the final water leakage
position, move the listening stick bar to 3to 4
holes, confirm the water / sand condition
adhering to the bar, the wet condition of the
soil and the sound of weak noise, and then
determine the water leakage position.

Implementation of verification survey

3 The determined leakage position is marked on
the road surface with paint, recorded and
reported to the responsible person.

@ If ground exploration is difficult, a Correlation
survey or Leak zone tester will be carried out

® It may be confirmed by residual chlorine
reaction as a survey of the spill where leakage

flows out.

2019/8/15
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Implementation of verification survey

® As an auxiliary work, explore the location of
buried pipes and buried faucets with metal
detectors

(@ The survey worker needs to pay sufficient
attention so as not to damage other buried pipes
and other business facilities (e.g. Electricity, gas,
communication facilities).

Mainly work on the roads will be more frequent,
so be sure to implement safety measures
thoroughly.

Implementation of verification survey

(2) Equipment to be used

@ Bowling equipment (electric drill, hammer drill,
boring bar),

(2 Listening stick / digital listening stick, others
@ Road surface digital noise leak detector

@Leak noise correlator, Metallic pipe locator/Metal
locator

(®Reagent of Residual chlorine (DPD). tool. Survey
vehicles, others

2019/8/15
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7-8. Arrangement of results of an investigation

This activity is performing results of an
investigation for arrangement, an analysis, a
consideration, etc.

Results of an investigation

(1) Main work

(D Drawing showing water leakage point
% Daily reports and weekly reports
Photo collection
@A tabulation of a leakage occurrence spot, a data
reduction, a taxonomy

(BThe table of contents of a report is as follows.

*Introduction /Summary of survey/Content of
survey/Result of investigation / Discussion /
Postscript

2019/8/15
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Investigation Results

(2) Collection and analysis of an information by
investigation obtained

Data obtained by the survey activities (e.g.
Leakage cause, number of leaks per pipe type,
leakage restoration situation, are collected
and analyzed to help prevent water leakage.

8-1. Procedure of leak detection by
flow rate

(1) Measurement category

The method of estimating the amount of water
leakage from the flow measurement is largely
divided into two categories:

» Prolonged 24 hour sequence measuring
method and

» Midnight measuring method.

2019/8/15
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Prolonged 24 hour sequence
measuring method

This measurement method is based on
estimating the amount of water flowing into
DMA for 24 hours in a row for a certain period
of time and assuming the amount of water

leakage from the minimum amount of water.
=i

8 2
- -

Midnight measuring method

This method is based on the flow rate (leakage
amount) flowing into the DMA in the midnight
time zone in which the usage amount by
customers is generally small in the normal water
supply state is measured with the flow meter.
This flowmeter is installed in the only main water
pipe flowing into the DMA and is "completely
isolated from the adjacent section" and assumes
the water leakage amount from the minimum
water amount in a state that it is not affected by
the adjacent pipeline

33



Assume; MFR = Leakage amount

(3) Step test

In this method, the inside of the DMA is
subdivided, for example, by piping branch
lines, the smallest nighttime flow rate of the
small section is measured in order, and the
leakage amount is assumed from the total of
the leakage sections.

2019/8/15
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Estimated amount from water used

In this method, leakage is calculated from the
difference between the amount of water
distributed for a certain period of time and
the revenue water amount and assumed.

Exercises:-1
(D When is the minimum water volume(m¥hrs.) generated ?

(2 Which minimum flow rate should be estimated as leakage amount?

AGOSTINO Qmnf 23:2912/07/2018-1:4413/07/2018

N N B O B

16
m3/h 1.4
1.2

0.8
0.6
0.4

0.2

Source: NYAHUWASCO 2018 Aug.
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leak volume

Method of getting the amount of water leakage,
it is divided into two categories by
measurement such as actual flow rate and by

visual observation.
Leak water measurement measures the total

water leakage directly while measuring the
time before repairing the part
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@ Water tap faucet (Dia. 13mv/m.Skgf/cm?2)

@ ® © oD o, 2
ippi ippi i pen plug pen plug ully open
t;(;)/-n?iiDﬂpplng ‘;;;ffnpplng String 90 degrees 180 degrees
C. % e -
.
* . j!i
Str
®Stop Valve (Dia. 13m/m.S5kgf/cm?2) (Cscattoe%gn"g (d)Splash strongly
(a) String (‘b) Partial scattering in half open at full throttle

] E—

@P.E. Pipe (Dia. 13m/m,Skef/ecm?2)

(a)Pinhole (b) Crack 1 cm (c) Crack 2 cm )/ () 3—5 cm
Items W. Leakage (a) (b) (c) (d) (e) ()
0] Faucet m¥/d 0.011 0.036 0.09 309 39.6 56.8
&) Stop valve m¥/d 0.045 23 3.0 7.2
® P.E. pipe m¥/d 0.03~0.05 2.7 15.4 284 438 68.8
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USE OF NONREVENUEWATER
INVESTIGATION EQUIPMENT
#8(R-2)

T.WALELA/J.MAINA
JUNE 2019
(KEWI/EWASCO)

introduction

To manage Non-Revenue Water one needs to understand the
components and then lay strategies on how to manage them.

From the understanding that there are two main components to
deal with, mainly Physical and Commercial losses.

Non-Revenue water investigating equipment are used to deal
with physical losses, accuracy of meters and pressure
management.

This presentation will deal with equipment used for pipe
location, flow measurement and leak detections
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Objectives

* Understand Leak detecting equipment

* Water quality analysis to determine theft

¢ Understand Water flow measurement equipment
¢ Understand Water pressure measuring equipment

* Understand Pipelines locating/ tracing equipment

Listening stick

Listenmg :

stick e
Meter L Stop valve S8
- T | [Gatevae [N
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Listening stick.......

¢ (1) Principle of
operation and
application

* Sounds of leakage can be
heard by directly
touching the end of the
rod to valves, hydrants
and pipes
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Principle of operation and application
By directly touching a water supply facility
element, the sound of leakage (vibration) is
numerically shown on the indicator.

It takes a combination of excellent service
and quality water Leak Detection equipment
to detect a hidden leak.

e Integrai Ty tector
= This equipment is a kind of tiny leak detector to

automatically detect whether or not a leak exists in a certain
area in a short time by contacting the tip of the acceleration
sensor to the target customer meter or the nearest exposed
service pipe.




tal water leak detector

— 3d {gi

Pickup{sensor)
Head
Q
it it Mainunit
amplifien

*Leak detector catches the leak noise electrically.
The principle is that a vibration pick-up is placed on
the ground detects the vibration sound of leakage
transmitted underground.

* This vibration energy is converted to electrical
1 energy and is amplified for meter indication or
~ detection by a headphone.
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4.Digital Leak Noise Correlator

Preamplifier(blue) Preamplifier{red}

MN=D-2L L TD

"~ 4.Leak noise Correlator

Principle of operation and application

*The leak noise Correlator is a device used to locate the point
of leakage at underground water pipes.

*Pickup sensors are placed at two measuring points on the
pipeline through which the sound of leakage transmitted.

*The distance to the point of leakage from each pickup sensor
is determined by calculating the difference in the time it
takes for the sound to reach each pickup sensor.
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To obtain a good correlation
lay. noise MUST be

W_:z;i_ﬁ-—-_\_"q—i:,—,—_T —
Digital Leak Noise Correlator

Fiia
£ Leak Noise ‘ s o -
Radio Correlator Unit Radio Itw 1 I
Transmitter . Transmitter . mits
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- = eee s =
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asurement-of Leakage Volume ——

’"’—ﬁase that leakage is detected, measure the leakage volume before repairing it.
By multiplying this leakage volume by the number of leakage points,
Estimate the total leakage volume.

Direct measurement of leakage volume

1. Electromagnetic
flow meter
Principle of operation and application

The electromagnetic flow meter is capable of measuring the flow volume of a fluid by
applying a magnetic field to the fluid from the outside.

As the conductive fluid flows through the magnetic field, an electromotive force is
generated perpendicularly to both the flowing direction of the conductive fluid and the

direction of magnetic field.




(D Carrying case

(2) Transducers

(@) Coupling compound

@ Card reader

® Transmitter

(© Signal cable

(@ Charger

(8) Stainless steel pipe straps

@ Data line

Principle of operation and application

The ultrasonic flow meter operates based on the difference in time
required for ultrasonic waves to be transmitted through a fluid.

It consists of two transducers mounted on the outer wall of a pipe
and measures the flow rate from the transmission velocity of
ultrasonic waves generated and received by itself through the fluid
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V Method

Tansducerl | i
Adpan decchan el

//
i \ P
L
y ’

(Q‘ - Z Method
L |

Tlee same peu esdee o e oy Tut ceughmteme mrkes of Transducer 1
p——

Transducer 2

W Method (not commonly used)

 Methods

V Method

The V method is considered as the standard method. It usually gives a more
accurate reading and is used on pipe diameters ranging from 50mm to 400mm
(2"-16") approximately. Also, it is convenient to use, but still requires proper
installation of the transducer, contact on the pipe at the pipe's centreline and
equal spacing on either side of the centreline

Z Method

The signal transmitted in a Z method installation has less attenuation than a
signal transmitted with the V method. This is because the Z method utilizes a
directly transmitted (rather than reflected) signal which transverses the liquid
only once. the Z method is able to measure on pipe diameters ranging from
25mm to 1200mm (1"-48") approximately.

8] Transcucerl

2019/8/15
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 Methods

W-Method (not commonly used)

With the W method. the sound waves traverse the fluid twice and bounce three
times off the pipe walls. It is suitable for small pipe diameter measurement.

The measurement accuracy can be improved by extending the transit distance with
the W method

It is Used to measure flow rates, fluid velocity,
flowing direction, and water pressure by inserting
it to a pipeline.

A connection has to be done on the pipeline

2019/8/15
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[ |

Pilot
(Rotate right)

180-B Class

Qn’ 1.5 m¥h
Qmin: 0.030 m¥h

0.01m* ) Rotancn
=10 liter

0.0001m*
/ Rotation = 8

1 liter=
1000ee

water meters

Classification of Pilot-indicators

(a) Monitoring gauge indicating whether or not the
meter is sensing (counting)

(b) Leakage monitoring

26
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Master meters

7/1
7/2

7/30

Schematic layout of typical
water flow:
Understanding water flow
to water intake,
purification facility, pump
facility, distribution
reservoir, distribution
network, distribution zone
(zoning) and water meter

It is important to install Bulk Meter and register daily volume of distributed water.

o | e |

07:00
07:00

07:00

Total per month

Water Volume m3/day
123
153

141
4124 m?/month

3. Pressure

self-recording water pressure device

* Principle of operation and application

* Used to record water pressure in the pipeline and
record by plotting on a paper provided

2019/8/15

14



2019/8/15

Leakage from bad connection point Connect pump with pipe and place water

Pressuf

Check water tight after repair or replacing new pipes by Water Pressure Test Pump.

12
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Bourdon-tube pressure
gauge

Principle of operation and application
Used to record water pressure changes over an extended period

2019/8/15
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Pressure Reducing Valve (automatic

adjustrment)

Installation of Pressure Reducing
Vatve tsmatt)

Based on the distribution map of water pressure, examine introduction points of pressure

reducing equipment such as BPT (Break Pressure Tank) and pressure reducing valve.

21

'Equipment
*1Metallic Iron pipe locator

Principle of operation and application
They compose of Transmitter & Receiver

Metallic Pinpe Locator

Traces any continuous metal, such as; iron, steel & copper water lines,
gas lines, tracer wire by plastic pipe, telephone/TV cables, copper
&aluminium wire, conduit, and Power lines whether energized or not.

17



———— 7:_1\_\_(_;;__7 .
Mﬁt llic Pipe Locator

pipe location of non-metallic pipes such as polyvinyl chloride,
polyethylene and asbestos cement pipes, and metallic pipes with slip-on
type connections being electrically insulated, is carried out by using a
sonic type pipe locator.

Principle of operation and application

Low frequency sound waves are generated by the sonic vibrator,
which are transmitted through the water in the non-metal pipe,
then received by the pickup sensor of the sound wave detector
placed on the ground surface.

DPD reagent

Quantifying the leakage

2019/8/15
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(5) Other related equipment
(DUnder-pressure Pipe tapping machine
(2)Portable Meter tester
(3Portable Pressure tester
(@Pipe Thickness meter
(5)Pressure Reducing/ Control valve
(©)GPS
(DResidual chlorine meter
(8Conductivity meter

The End
Thank you for your attention

8/15/2019 38
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BASIC CONCEPT OF COMMERCIAL

Outline
Introduction

Objectives of Water Loss Management
Focusing on Apparent Losses (AL)
Reducing Apparent (Commercial) Losses
How to address Customer Meter Inaccuracy
Installing Meters Properly
Monitoring Water Quality
Meter servicing
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Objectives of this this presentation are:-

To promote an apparent loss (AL) reduction approach based on the
reduction of four main AL components:-

Meter Under-Registration,
lllegal Consumption,
Meter Reading Errors and
Water Accounting Errors.

To enable participants identify and reduce commercial water losses in
their utilities,

To define the various types of apparent losses that can be classified within
the four AL components,

To give special emphasis on water under-registration and other metering
issues,

To review current methods and techniques to reduce the various
components of apparent loss to a minimum achievable level.

To give recommendations to establish a cost effective programme to
reduce AL to economically acceptable level, and

To give recommendations on how to get sustainable results on AL
management

August 15, 2019 Non Revenue Training 3

Water Losses from a Typical Water Supply System

Typical Losses From A Water Supply System

: Physical losses Commercial losses '
1

Treatment Services Distribution

- Meters Billing Collections
Works WEER Recervoirs System

*Trunk Mains Leaks « Leaks Leaks from: + Reading Errors « Admin. Errors + Admin. Errors
*|llegal Connections  * Overflow * Mains « Slow Running Metter *Data Entry Errors
* Unrecorded Users « Services Pipes « Tampering With Meters » Delays
= Booster Stations  « Broken Meters « Loss of Records
* Service Tanks + No meters
* Pipes * lllegal Connections:
* Air Valves
+ Washout Valves
* Hydrants
August 15, 2019 Non Revenue Training 4
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Participants activity

» Brainstorm on the objectives of Water
Loss Management for a WSP.

= List the answers on a flip chart

August 15, 2019 Non Revenue Training 5

Objectives of Water Loss Management

= Operating cost efficiency: a well-maintained water
distribution system will require fewer repairs.

» Capital cost efficiency: a lack of maintenance and
intermittent operation increase wear and tear on pipes,
valves and meters. Improved supply will extend the service
life of the system components and lead to lower fixed costs
for the water utility in the long run.

* Improved metering and billing: fewer leaks and an
improved supply situation may minimize metering errors.

» Reduced health risks: sewage and other pollutants can
infiltrate the pipe system through leaks and trigger water-
borne diseases in low-pressure systems or in the case of
intermittent operation.

» Reduced ecological stress: In the case of scarce or over-
exploited water resources, water losses reduction strategy
should be enhanced to reduce or decrease the stress on
these resources.

August 15, 2019 Non Revenue Training 6




Objectives of Water Loss Management

* Increased security of supply: a well-maintained system with
fewer leaks and bursts will increase the supply guarantee.

» Less infrastructural damages: leakage might create voids
below ground which can lead roads and buildings to collapse.

» Reduced loads on sewers: infiltration of water lost to sewers
places an additional load on sewer pipes and wastewater
treatment plants.

* Improved consumer satisfaction: in addition to poor water
quality, inadequate quantity and health risks, leakages also
decrease the pressure at customers’ appliances. Enhancing
the supply service will improve customer satisfaction and
willingness to pay.

= Publicity and willingness to pay: fewer bursts, increased
security of supply and hygienic conditions will enhance the
public’s perception of the water utility. This may also positively
affect the consumers’ willingness to pay.

August 15, 2019 Non Revenue Training 7

Focusing on Apparent Losses (AL)

Apparent losses are classified as follows:- unauthorized
consumption, customer metering errors, errors in
estimates of unmetered consumption, and errors linked to
the data acquisition process.

Table 2 lists and describes different causes.

Its important to note that measurement is the core issue in
terms of apparent losses. Defective measurement generates

apparent losses:-
= Meter error relates to water meter precision and uncertainty

= Poor estimate of unmetered consumption relates to the lack of water meter on the service
connections

= Unauthorized consumption is generally not metered

= Data handling errors are due to measurement errors at the various stage of the data
acquisition process: data capture, data collection; data transmittance, data processing and
manipulation.

August 15, 2019 Non Revenue Training 8
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Reducing Apparent (Commercial) Losses

» The elements of commercial losses are:-
= Customer meter inaccuracies

» Unauthorized consumption; illegal
connections, theft and fraud

» Customer data base (accounting)
errors

» Data collection (meter reading) and
data transfer errors.

August 15, 2019 Non Revenue Training 9

Elements of Commercial Losses

Water
Meter
Errors

Current Level of Apparent Losses

Economic Level
Errors throughout of Apparent Losses

Errors on estimate
of Unmetered

Data Acquisition N
Consumption

Process Unavoidable Level
of Apparent Losses

Unauthorised
Consumption
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How to address Customer Meter Inaccuracy

L
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How to address Customer Meter Inaccuracy

» |naccurate meters tend to under-register water
consumption—leading to reduced sales and
reduced revenue.

= Utilities should focus initially on large
customers, such as industrial or commercial
users.

= Using data from accurate meters to bill
customers, ensures that customers are charged
according to their actual consumption and
encourages them to preserve water.

2019/8/15
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The following are common problems with customer meter
accuracies and solutions for utilities.

» |nstalling Meters Properly
Monitoring Water Quality
Meter servicing

Monitoring Intermittent
8 Water Supply
» Sizing Meters Properly
* Maintaining and
Replacing Meters
Properly
= Addressing Meter
Tampering

How to Minimize Meter Under- Registration.

» These measures can prevent or minimize meter under- registration:-
» Choose meters that are known for quality and durability

= Choose the right size meter for the customer flow: meters that
are too large may not register all of the flow

» Install meters according to manufacturer’s specifications in
convenient locations

= Regularly monitor water quality and clean mechanical meters to
promote accurate meter measurements

» Avoid intermittent supply

» Replace meters systematically, beginning with the oldest meters
and those in the worst condition.

» The initial focus should be on large customers, such as industrial or
commercial users who will likely prove beneficial since they consume
a larger volume of water and often pay a higher tariff.

August 15, 2019 Non Revenue Training 14




Unauthorized Consumption

» Unauthorized
consumption
includes illegal
connections, meter
bypassing, illegal
use of hydrants,
and poor billing
collection systems.

August 15, 2019 Non Revenue Training 15

How to Reduce Water Theft

People steal water when they make an illegal connection to the network or
tﬁmffer \INiéh the meter. The techniques one can use in order to reduce water
theft include:-

. Use tamper resistant meters (see Meter Reading Errors) or install seals that
indicate tampering has occurred.

. Remove meter by-passes. A bypass pipe is often buried and very difficult to
detect. This type of unauthorized consumption is usually committed by
industrial and commercial premises, where only a small volume of the
consumption goes through the meter and the rest through the bypass pipe.
Theldiscrepancy will show up when the utility conducts a flow balance
analysis.

. Find and reduce illegal connections. They can occur during the installation
of a new supply connection, or sometimes the customer’s supply is cut off
after non-payment he or she cannot afford, or does not want to pay, to be
reconnected.

. Prevent illegal use of fire hydrants. Some use them illegally to fill tankers
(normally at night) or to provide water supply to construction sites.
Encourage customers to report cases of illegal uses of fire hydrants.

2019/8/15
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How to Avoiding Corrupt Meter Readers

= Corrupt meter readers can significantly
impact a utility’s monthly billed
consumption. For instance, the same
meter reader who walks the same route
for an extended period of time, thus
becoming familiar with the customers and
their monthly billed consumption, may
collude with those customers to record
lower meter readings in exchange for a
monetary incentive.

= To reduce this risk, the manager needs to

|  rotate meter readers to different routes on

a regular basis.
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Actively Checking the Customer Billing System

= Sometimes connections are made
legally, but the billing department is
not notified of the new connection;
therefore, the customer is never
billed.

These unregistered customers can
be detected during the regular
meter reading cycle when diligent
meter readers find meters that are
not in their reading book.

Note:- this process may not identify
all the errors in the billing system.

August 15, 2019 Non Revenue Training 19

Meter Reading Errors

= The success of meter reading,
billing and collecting revenues
depends on accuracy, check &
balances and diligence. The goal
is-:

1. to ensure that all people who use
water are connected and in the
utility’s information system,

2. that usage is metered accurately,

3. that the meter readings result in
accurate bills to customers and

4. That the billed amounts are
collected on a timely basis.

= At any step in this process,
inaccuracies or errors will result
in NRW.

10



How to Improve Accuracy and Eliminate Errors:

Conduct customer surveys to make sure that every user is a
registered customer and that the utility’s records are accurate
as to address, name of owner, customer number and meter
information.

Analyze flows in areas of suspected high commercial losses,
in order to pinpoint problem areas.

Compare the usage metered to the usage billed for each
billing cycle.
Ensure that all amounts that are billed are collected.

Arrange the functions (metering, billing and collection) so that
one person is not responsible for all of them.

A robust billing database is one of the key elements of
minimizing accounting errors. State- of-the-art billing software
has built-in analysis functions that can identify potential data
handling errors, zero readings, and report them for
verification

Data Handling and Accounting Errors

The success of meter reading, billing
and collecting revenues depends on
accuracy, check & balances and
diligence. The goal is:

. to ensure that all people who use
water are connected and in the
utility’s information system,

. that usage is metered accurately,

. that the meter readings result in
accurate bills to customers and

. That the billed amounts are collected
on a timely basis.

At any step in this process,

inaccuracies or errors will result
in NRW.

2019/8/15
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Steps to Improve Accuracy and Eliminate Errors:-

o &

Conduct customer surveys to make sure that every
user is a registered customer and that the utility’s
records are accurate as to address, name of owner,
customer number and meter information.

Analyze flows in areas of suspected high
commercial losses, in order to pinpoint problem
areas.

Compare the usage metered to the usage billed for
each billing cycle.

Ensure that all amounts that are billed are collected.

Arrange the functions (metering, billing and
collection) so that one person is not responsible for
all of them.

Implementing an Apparent Loss Reduction Program

NOo kDb~

Key Elements of a Program to Reduce
Apparent Losses

Improve the customer database

Improve estimates used for billing
Introduce/improve customer metering
Detect illegal consumption, theft and fraud
Control meter reading, billing corruption
Communicate with customers

Reduce wastage at public taps

2019/8/15
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Apparent Loss Reduction: First Priority in NRW
Reduction Effort

= Just like a wise person
starts by picking the low
lying fruits before
embarking on the fruits
high up on the tree.

= Always Start NRW
Reduction with Apparent
Loss Reduction

What is your comments ? (1)

Stealing water? Illegality or legality? Effective use of water ?
What is the method of investigating whether or not it is stolen? Countermeasure?

2019/8/15
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What 1s your comments (2)
(A Booster pump)

Thank you

Kihara

2019/8/15
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Content Outline

Objectives

Introduction

Key Words -Definitions

Objective of Billing System

Why is Effective Billing and Collection Necessary?

Billing and Revenue Strategies

= Monthly Billing System Based on a Volumetric Structure
= Computerized System of Billing

= 100 Percent Customer Metering and 100 Percent Billing
= Prepaid Meters

= Automatic Meter Reading

= Outsourcing the Billing and Collection Function

= Incentives for Meter Readers

= Regular and On-Time Payments

= Delinquent/ Erroneous Accounts

= Managing Debt

Objectives:-

The participants will be able to:-

@ Appreciate the need for an effective
billing system for a water service provider.

@ Appreciate the importance of effective
revenue collection for the utility

@ Appreciate the billing process

@ Apply strategies in order to improve
billing and revenue collection practices in
their utilities
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Introduction

= Effective billing and collection
systems are a critical components
for ensuring the viability of a
service provider. Improving these
has an immediate impact on the
revenue streams of a service
provider that can, in turn, help in
improving services.

Key Words —Definitions

Participants - brainstorm on the following terms:-
v'Billing -
v'Revenue -
v'Viability of a service provider.
v Revenue streams of a service provider.
v’ Sustainability of a service provider.

v Commercial and operational efficiencies in
WSP

v Reliable, and sustainable services in WSP.

2019/8/15



Participants to discuss:-

i. The Objective of Billing

Objectives of Billing and the Billing System

ii. The Objective of Billing System

List the possible answers on flip chart

The Billing Process

Figure 1: Billing Process

Financial Resources ’—-| WaterFacilites ]_‘| R T }_. “‘tf’r
Provider
] Operation and Custermer Meter
.. “Subsidy Construction X -
Financial «Own s B Cotd |—> Mamtenance Water Payment of
Resources v nm_avfm_ . Costs of Facility — Distribution Fouse Water Bill
ersezs Funds Facility
(OMCost) 7
Meter Reading Issue of Water Bil
Determination of Calculation of
Caleulation of .
“fal:;:l Water Billng Profit and
Amount Loss Balance
v
Internal
Reserves
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Billing and Revenue Strategies

Billing and Revenue Strategies Cont.

» A strategy involves using all the forces of a company
to execute approved plans as efficiently and as
effectively as possible. It's a plan of action intended to
accomplish a specific goal.

» Water Companies must improve their billing and
collection practices if they are to become financially
viable, sustainable and deliver quality and
standard services.

= Each WSP will need to focus on specific steps for it
to achieve service and revenue improvements.




Billing and Revenue Strategies Cont.

The WSPs should adopt the following principles that
govern an efficient billing and revenue collection
system:-

» Ensure up to date customer databases,

= Strive to achieve the highest level of metering i.e. 100%
metering and avoid un-metered service provision,

» Develop clear billing structures and cycles,

» Enhance practices on delivery of bills and revenue
collection,

» Develop staff capacity and enhance their involvement, and

» Facilities customer payments by making it convenient and
conducive.

N

w

S0 N O

0.

Strategies that Determine Effective Billing
and Revenue Collection

Monthly Billing System Based on a Volumetric Structure
Computerized System of Billing

100 Percent Customer metering, 100 Percent Billing and 100
Percent revenue collection

Prepaid Meters and Automatic Meter Reading
Outsourcing the Billing and Collection Function
Incentives for Meter Readers

Regular and On-Time Payments

Resolving Customer Grievances

Delinquent / erroneous Accounts

Managing Debt

2019/8/15



Monthly Billing System Based on a Volumetric

Structure

An effective billing system must have a billing cycle that bills customers on a
monthly basis. In so doing, companies must give adequate details to ensure
appropriate and structured monthly billing.
The billing system should be based on a volumetric structure. This ensures
that customers are billed for the water that they have consumed. Volumetric
charges are based on:
= a uniform volumetric charge;
= arising block tariff where the unit charge is specified over a range of water use
forda specific customers and then increases as water consumption increases;
an
* Anincreasing linear tariff where the unit charge increases linearly as water usage
INncreases.
All volumetric charging are based on meter readings. This requires that
customers have metered connections. Therefore companies must make
sure that the meters work properly and are read on a periodic basis. Billing
practices are based on different pricing mechanisms:
= Flat rate charging,
= Volumetric charging or flat and volumetric-based charging.
= Water service providers can have different billing cycles (bi-monthly, monthly,
quarterly or yearly).

Computerized System of Billing

A computerized system of billing and an updated and complete
customer database is a must for a water company seeking to
maintain high billing efficiency. This is done by ensuring that
customer databases are updated and computerized, through
vigorous accounting and recordkeeping.

= A computerized system customer database allows:

= Generation of reliable data that can inform the decision-
making process of the water company,

» The utility to track customer records by its respective
management unit (that is, by zone, ward, district, etc.).

» Monitor and track exceptions in billing records.

» Tracking billing exceptions allows for a thorough

investigation for the reasons behind the exception leading
to redressal of the situation.

2019/8/15



100 Percent Customer Metering and 100 Percent Billing

Volumetric charging is effective if all
connections are metered and all meters are
working properly. It means the billed invoices
are based on metered consumption. An
effective metering practice depends on:

Customers who cannot cheat the system by
tampering or damaging the meters,

Repairs and replacement policy of the utility ,
timely identification of faulty meters and

Installation of meters even in poor and low-
income settlements etc.

100 Percent Customer Metering and 100 Percent Billing -
Cont.

Service provider’s needs to check on:

= The accuracy of meters on a systematic basis so that there are no
problems.

= The bill whether the meter is in working condition or its defective.
The service provider must:

= authorize a single point from where customers can purchase their
meters

= provide the meters themselves, so that a standardized meter is
authorized by the service provider

= Have a meter checking, maintenance, and repair policy in place
so that any faults as identified by meter readers at the time of
meter reading can be reported and addressed.

= A responsible staff who could single out problem cases, especially
those of incorrect consumption units recorded (data entered could
indicate unrealistic consumption units such as negative units or
excessive figures).

= Set in place appropriate incentives such that meter readers
actually read the meter and do not cheat the system by reporting
average consumption figures at the time of meter reading.

2019/8/15



Prepaid Meters

» The basic idea behind the use of prepaid
meters is to facilitate those who may be
denied access to water because they
cannot pay upfront.

= |t gives the concerned persons the
flexibility to avail of water services even if
they have not made an upfront connection
payment for a fixed water connection.

Automatic Meter Reading

2019/8/15



Automatic Meter Reading - Cont.

Automatic meter reading technology allows for automatic collection of data
from the water meter and transfers it to a central database for billing.

For Nairobi Water, handheld data loggers enable meter readers to record
readings easily. They are preloaded with set information, based on which
the water meter data needs to be collected. Data loggers generate alerts for
incorrect entries or anomalies. For example, in case meter readers enter
err%r)eous data or if they do not read the meter but continues to generate
readings.

The data loggers give meter readers two options for generating bills:

= Spot billing, where they could generate bills on the spot and hand them
over to the customers once the meter readings are entered in the data
loggers.

= Batch billing, where meter readers can collect the required data and, at
the end of the day download the data in their office computers. In the
office, master database gets updated and bills are generated according
to the billing cycle.

Innovations of using data loggers could prevent malpractices / corruption
and, help confirm with the customers all bill details on the spot.

Outsourcing the Billing and Collection Function

2019/8/15
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Outsourcing the Billing and Collection Function —
Cont.

Water Companies are using improved billing technologies by outsourcing
the entire billing and collection process to companies with proven
expertise in such fields as illustrated by Nairobi Water partnering with
Safari Com, Equity bank, Post office etc. Benefits of outsourcing are:

the experts provide a fully managed service starting from bill generation
and payment collection, to credit and debt management,

the experts use improved technology, systems, and processes to realize
improvements in billing and collection,

Collections from customers are also monitored regularly by tracking
revenue indicators like gain in net cash generation, new-billed revenue,
costs to undertake billing and collection etc.

The time saved and a reduced need for in-house systems and staff for
billing practices.

Outsourcing billing and collection is cost-effective since the system of
competitive tendering gives the job to the most efficient and specialized
providers.

It also leads to better cost control since the provider knows the exact
price of the outsourced services and such services can be monitored
more strictly.

Incentives for Meter Readers
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Incentives for Meter Readers — Cont.

» Water companies need to encourage efficiency in
billing practices. This can be achieved by developing a
system that gives incentives to meter readers.

» |f there is a perceived risk of meter readers engaging
in malpractices, such as colluding with customers and
forging consumption details in the areas that they are
operating, they could be rotated from time to time to
avoid such risks.

= Some companies give incentives to their staff by
linking improvements and efficiency in billing directly
to staff remunerations. The meter reader pay is based
on the number of bills delivered in the month. Many
water companies set monthly targets and then reward
the best performer.

Regular and On-Time Payments

2019/8/15
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Regular and On-Time Payments - Cont.

Incentives for customers: Billing and revenue collection
efficiencies are hindered by illegal connections and deliberate
non-payment’s by customers. Water Companies should
encourage customers to connect to the network by setting up
plans for regularization of connections through an incentive on
the connection fee.

Continuous default, non-payment and cases of illegal
connections, using sanctions, such as water connection cut-
offs, should be exercised.

Credible disconnection policies - some water companies have
used credible disconnection policies and have been able to
exercise this sanction more often for defaulting and illegal
customers. Water utilities could send a notification for payment
and, if not adhered to, resort to then cutting off the water
connection.

Regular and On-Time Payments - Cont.

Incentive for customers — water companies could develop
incentive schemes for customers who have huge arrears in
their bills. Discounts, instalment facilities for payment etc,
could be designed such that customers are encouraged to
settle their bills once and for all.

Disincentives - utilities could also use disincentives for late
and irregular payments through disconnection of water, or
imposition of heavy fines etc., that deter customers from such
habits.

Customer conveniences to pay: Water utilities must
encourage customers to pay on time for services by simplifying
the payment process. They should set up payment agreements
for customers to pay at banks, post offices or convenience
stores, or put up their own conveniences for easy bill payments
such as customer care centres, collection centres, online
payment facilities etc.

2019/8/15
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Regular and On-Time Payments - Cont.

» When setting up centres for collection of water bills,
companies should ensure that these centres are
convenient for the customers. The location of the
centres should be planned to serve the entire
service area. They should be located at prominent
places that are convenient to access by
customers.

» For the poor - Water companies should give options
like instalment payments to ensure poor people
are encouraged to take individual connections and
keep paying for them for continued service delivery.

Delinquent / erroneous Accounts

14



Delinquent / erroneous Accounts — Cont.

= Many water companies have to deal with an overdue or unpaid
account at some point or another. The following steps can help
your WSP improve its receivables.

Don’t grant credit

Require deposits

Utilities can ask for advance payments. Water providers may
ask for 30 to 50% up front, depending on the client, with
remaining payments due later.

Offer credit terms

Credit terms outline how you expect to get paid, and what
interest or penalties you charge for late payment. State
these clearly on your contracts and invoices.

Get a signed agreement

Never extend credit without getting something in writing.
Review payment deadlines with clients and express that you
expect to be paid on time. Point out the terms for late
payment.

Delinquent / erroneous Accounts — Cont.

= Check credit

= Collect the information you'll need to run a credit
check on a “new customer form.” For customers, this
data includes name, address, phone numbers, |.D
and bank account numbers, tax pin number, at least
two credit references.

= Create a billing / overdue notification system

* You should know how much is owed to you and when
it is due. For this, your system should alert you on
overdue accounts. Most accounting software
programs do this automatically.

2019/8/15
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Managing Debt

= For water company, its reasonable to have a
manageable level of debt. Growth and
expansion often demands considerable capital
which may require you to seek a bank loan. For
this, you may need the following guidelines:

» Explore your reasons for borrowing / seeking a loan

include:

» Working capital - when you're looking to increase

your utility’s work force or boost your stock.

» Expanding into new areas or markets.

Participants Activity

= Sit according to your company / organization,

Identify at least two strategies which when embraced by
your WSP will have a large impact on revenue collection
with minimal additional financial requirements. Identify
the person or persons responsible for implementation of
the action plan

Identify resources required [budget] to achieve the
above,

Indicate time line/time frame on when these can be
accomplished/achieved.

List on the flip chart the steps you would put in place to
realize this impact.

Make a presentation to the rest of participants.

2019/8/15
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Thank you

Kihara

What is your comments ? (1)

Stealing water? Illegality or legality? Effective use of water ?
What is the method of investigating whether or not it is stolen? Countermeasure?

2019/8/15
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What 1s your comments (2)
(A Booster pump)

2019/8/15
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Presentation on use of
meter test bench
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_2) Measurement method of actual il
volume (container method)
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Features

Active Replacement & Accuracy Check of Large
Customer Meters
Using 1) potable
ultrasonic flow meter,
2) low-cost potable
meter tester (plastic
piston meter of 1 inch)
and 3) calibrated
buckets on site

In addition to the
conventional accuracy
tests with the existing
meter test bench after
removing customer meters
temporally.

Showing our practices in
KEWI's OJT 9
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. Confirmation of water meter specification to be inSpeet
before test (ISO-Class)
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t] » ' /- adversely =

ation o 20 .

-

‘ pé’o sy
— |

nctlet can

ositive pres
-.1\'»\'\ . 4 A
> IMeLer o

%

-
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Meter test range of flow rate

curacy measurement of the meter is tested e
-~ flow rate points.

-
'y
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Performance curve

Example of Performance Curve (Clas

+10% Test tolerance
range Tnstrumental Test tolerance
error curves rangc

/-——-\51 bdaas +2.0%

0% ' %

+5.0%

>
d

Minimum starting flow rate

e 8~10 L/Hr
-10% : 1
E% _/‘/ : : :
Instrumental ‘
e 30L/ hr 1201/ hr L5m'/ hr 3.0m% hr
Q1 Q2 Q3 Q4

Result of Jomt OJT at EMBU 2017-Junc-22 @ EWASCO
P inlet pressure - 0.4 bars P2 outlel pressure = _bars I1SO STD | Your STD.
o Yearof | Caliber | Qu2ntityof Flow Rate: Qo (1500 1) Comments
No | Classification Srno. Model/ type e || () Total flow vol = 200 Its 4% (in | Comments
total (m3) START END DIFRENCE Error use)
Volume used ; 200 1ts=0.2 m3 02 RI(m3) | R(md) | RZRI % 100%
1 old AC175208 PSM 15 3576782 | 3576782 | 35769T4 | 0192 | 96% 4% Pass
2 | Customer | 13081721 psm 15 2355.6125 | 2355.6125 | 2355.8089 | 0.1964 | 98% 2% Pass
3 New 15-05855 MIET Kiambu WSP | 15 0.4081 0.4081 0.6058 0.1977 9% -1% Pass 2 % (New)
4 | Customer | 7090712 psm 15 163.3051 1633051 | 1635014 | 01963 | 98% 2% Pass
5 New 1505853 | MJET | KiambuWSP | 15 0.3568 0.3868 05848 | 0198 | 99% 1% Puss | 42 % (New)
6 Above 1000 H570060 SIET 15 2779.702 2779.702 2779.891 0.189 94% 6% Reject
7 | Aboveson | 051059537 | SIET 15 6361175 | 6861175 | 6861175 0 0% 100% | Reject
8 | InService | 8024018 psm 15 0.7072 0.7072 09016 | 01944 | 97% 3% Pass
P1 inlet pressure - 0.4 bars P2 outlet pressure = bars ISOSTD | Your STD
o Yearof ||| Caliber || 22204 of ot aie:IOM G Comments
No | Classificaton | Stno | Model/type | - = Total flow vol= 50 Its e —
total (m3) START END DIFRENCE Error use)
Volume used: 50 Its= 0.05 m3 0.05 R2 R3 R3R2 % 100%
1 old AC175208 PSM [ 3576974 | 3576974 | 3576975 | 0001 2% 98% | Reject
2 | Customer | 13081721 psm 15 23558080 | 2355.8089 | 23558585 | 00496 | 99% 1% Pass
3 New 1505855 | MJET | KiambuWSP | 15 0.6058 0.6058 06562 | 0.0504 | 101% 1% Pass | 45 % (New)
4 Customer 7090712 psm 135 163.5014 163.5014 163,5525 00511 102% 2% Pass
5 New 1505853 | MJET | KiambuWsP | 15 0.5848 0.5848 06355 | 00507 | 101% 1% Pass | £5% (New) |
6 | Above 1000 | HS70060 SIET 15 2779.9891 | 2779.891 | 2719.938 | 0.047 | 94% 6% Pass |
7 | Aboveson | 051059537 |  SIET 15 6361175 | 6861175 63611 | 00075 » ” Reject N
§ | InService | 8024018 psm 15 0.9016 0.9016 09524 | 00508 | 102% 2% Pass |
P1 inlet pressure - 0.4 bars P bars ISOSTD | Your STD
ity of min (30 I/h)
No | Classification |  Srmo | Model/ type m:mm C(::":;’ s Total flow vol = 20 s ':‘:';‘F/':w(':‘: R
total (m3) START END DIFRENCE Error =)
Volume used: 20 lis 0.02 R3 R4 R4-R3 % 100%
1 old AC175208 PSM 15 3576975 | 3576975 | 3576974 | 0001 n n Reject
> | cusomer | 13081721 psm 15 23558585 | 23558585 | 23558585 0 0% -100% | Reject |
3 New 15-05855 MIET Kiambu WSP | 15 0.6562 0.6562 0.6756 0.0194 97% -3% Pass. 5% (New) |
4 | Customer | 7090712 psm 15 163.5525 1635525 | 1635716 | 00191 | 95% 5% Pass I
5 New 1505853 | MUET | KiambuWSP | 15 0.6355 0.6355 06541 | 00186 | 93% % Pass | £59% (New)
6 Above 1000 H570060 SIET 15 2779938 2779.938 2779.958 0.02 100% 0% Pass
7 | Aboves00 | 051059537 | SIET 15 686.11 68611 636.11 0 0 100% | Reject .
§ | InService | 8024018 psm 15 09524 09524 09718 | 00194 | 97% 3% Pass
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Result of Joint OJT at EMBU (30th August 2018)

Plinlet pressure - 4 bars P2 outlet pressure = 0.1 bar
Flow Rate: Qn (1500 Uh)
Caliber | Quantity of
No | Classification St Model/type | Qnof meter st | accumulted ol Total flow vol =200 Is
(m3) error Comments+-
2...test bench stds
START END DIFRENCE
Volume used ; 200 lts=0.2 m3 02 RI (m3) R2 (m3) R2-RI % 100%

2 48170 17045605 15 15 01725 020935 041152 020217 101% 1% 1 pass.
l
o

3 170017 17005470 15 15 2429072 063962 084127 020165 101%. 1% 1 pass.

4 47007 14014313 15 15 02603 1250.50032 1250.70105 020073 100%, 0% 0 pass.

5 48173 17045608 s 15 01189 01778 037878 020098 100% 0% 0 pass.

6 New 185000065 15 15 03044 074851 094795 019944 100% 0% 0 pass.

7 NAWASCO 17080260 15 15 05042 2442569 24.62706 020137 101%. 1% 1 pass.

.
et pressure - 4 bars. P2 outlet pressure = 0.1 bar
Flow Rate: Qt (120 V/h)
Calib Quantity of
No | Classification Srno. Model/ type QN of meter ADEE | ccumulated total Total flow vol= 50 Its
(mm) (m3)
START END DIFRENCE

Volume used: 50 lts= 0.05 m3

0.05074

14014313 1250.70147 1250.75221

H 48173 17045608 s 15 03793 03792 042998 0.05078 102% 2% 2 pass.
6 New 185000065 15 15 05063 0.94835 099927 0.05092 102% 2% 2 pass.
7 NAWASCO 17080260 s 15 07064 2462752 2467684 0.04932 9% 1% -1 pass.

13



Plinlet pressure - 0.4 bars

P2 outlet pressure =

No | Classification

Stno Model/ type

Qnof meter

Caliber
(mm)

Quantity of
accumulated total

Flow Rate: Qmin (30 I/h)

Total flow vol =20 lts

DIFRENCE

Volume used: 20 lis

185000065

' " - -

24293226

089345

091376

101978

0.02031

0.02021

100%,

error

Comments+-
2...test bench stds|

7 NAWASCO

17080260

0.757

2467724

2469735

0.02011

101%

1%

Tron Monger

1115190005

8100.7057

144975

1.46955

00198

99%

summary....meter testing if
How. ; . .

1%

2019/8/15
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Thank you
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KENYAV;;E;;STITUTE jICA)
NON REVENUE WATER
PLANNING&IMPLEMENTATION

#14(R-1)

Eng.D.Ngugi
JUNE 2019
(WASREB)

Presentation Outline

U Strategic Plan of the WSP

U Strategic Objective on reduction of NRW

U Non Revenue Water Reduction Plan (dvpt)

U Non Revenue Water Self Assessment

U Non Revenue Water Reduction Plan and Implementation Status
U Non Revenue Water Data Analysis

U Non Revenue Water Quarterly Reports

8/15/2019



Strategic Plan of the WSP

This is the Blue Print of the WSP that demonstrates and
articulates its intention and plan of actions which if
systematically implemented to the latter shall lead to

realization of a set of diverse objectives

Strategic Objective on Reduction of NRW

Very specific NRW results that a Water Service Provider

aims to achieve within a specific time-frame and with

availability of explicitly clear resources.

There must therefore be a baseline that becomes the

basis of the targeted results to be realized - hence

situational analysis becomes a necessity for NRW.

8/15/2019



Non Revenue Water Reduction Plan (dvpt)

Self Assessment Tool/template:

NRW Standards framework situation analysis for each of
the five key issues/areas and their sub-issues/areas in

the context of five potential levels to each sub-area from

basic to high.

Non Revenue Water Self Assessment

8/15/2019



Non Revenue Water Reduction Plan and Implementation Status

Non Revenue Water Reduction Plan and Implementation Status-
cont’d

* NRW Reduction Plan — Issues up to the
indication of time line

* NRW Reduction Implementation Status — the
last column on remarks - indicative summary of
progress in strategies/activities implementation

8/15/2019



Non Revenue Water Data Analysis

Water Service Provider

2nd Quarter 2018/19 Non Revenue Water Data

Oct-18 Nov-18 Dec-18 2nd Quarter 2018/2019 Half Year 2018/2019
Water - Water  NRW e Water - NRW e Water - NRW e Water  NRW e Water | NRW
Produced M*: Billed M' Ave. % M Billed M” ; Ave. % M Billed M*: Ave. % M Billed M” ; Ave. % M Billed M” | Ave. %
443,570 351,727 2071 466968 343,501 2642 458,394 372,631 1871 1368932 1067949 2199 | 2737864 2,135,898 219867
334413 200802 3726 359416 234,605 3473 364751 234825 3562 108,580 679232 3584 2,117,160 1,358,464 358356
189799 140364 2605 197,327 156986 2044 139489 144664 23.66  ST6.615 442014 2334 1153230 $84,028 23.3433
126320 77,976 3827 125040 75490 39.63 127,320 77,866 3884 378,680 231332 3891 757360 462,664 38911
121390 85676 2942 154150, 106,130 3L15 249000 165370 3359 524,540 357,176 3191 1049080 714352 31.9068
43,634 33084 3002 48,634 37241 2343 43,634 36902 2412 | 145902 108,127 2589 | 291804 216254 258907
497455 170415 6574 494042 171365 6531 447792 160,197 6423 1439289 501977 6512 2878,578 1003954 65.1233
92,060 50840 4478 95441 54703 42.68 105645 56526 4649 | 293146 162,069 4471 586292 324,138 447139
96,979 55000 4329 100,170 50274 4981 110,893 59022 4678 308,042 164296 46.66 616,084 328,592 46.6644
16,225 9952 38.66 35445 25663 27.60 34203 25444 2561 . 85873 61,059 28.90 71,746 122,118 28,8962
1966845 1,185,736 39.7% 2,076,633 1,256,048 39.5% 2,136,121 1333447 37.6% 6,179,599 3775231 38.9% 12,359,198 7550462 38.9%

Non Revenue Water Quarterly Reports

* Mandatory obligation on the part of WSPs

* Is a set of at least three distinct and logical
documents namely;

Self assessment

. NRW reduction plan and implementation
status

iii. NRW data analysis

8/15/2019



Thanking you for
your attention
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KENYA WATER INSTITUTE j ICA

FIELD ON JOB TRAINING

#15-1(R-3)

W.MOSETI
JUNE 2019
(KEWI)

#15 On-the-Job Training
Outline

(1) Area: about 83,000 m2
(2) Number of Customer meters: 150 pieces

(3) Extended pipe-line: Diameter 63~100 mm
(PVC)

Diameter 20 mm (PVC)
Diameter 32~50 mm (HDPRE)
(4) Total length:2,500 m

2019/8/15
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MAP of DMA

EWASCO N.R.W MONITORING EXERCISE. _

nal D01 T

DMA Area: 83,500 Sqm

No. of Water Meters: 150 PCS

Total length: About 2,500m
PVCPipe: Din, 63-100 mm
PV pipe : Dia, 200 mim
HNDPE: Dia. 3250 mm

Causes of pipe damage

Shortage of strength (pipe, joint, valve and etc.)
Lack of corrosion-resistant
Rapid progress of physical aging

Quality of pipe material

Poor pipe jointing
Poor backfilling
Touch with the other pipe and the other facilities

Technic of pipe laying

Unsuitable water pressure

Water hammering

Corrosion by water quality

Rapid change of water temperature
Neglect of leakage

Condition of water

Increase of traffic accidents

Movement of soil around pipe (freezing, upheaval,
and etc.)

Corrodent soil for backfill

Change of temperature

Environment of pipe laying

Damage as the result of construction works
Damage of the road by earthquake

Other utilities’ construction
work and disasters

6660 660000 E6eO




Outline of OJT

1) How to detect water leakage detection by
leakage sound

Listening stick _40 }
Listening
stick
Meter f

Y

Stop valve
[Gate valve

Digital noise leak detector

DAMplifigrs s {
2 Hand-set with Sensor ««-sveesesiessinnins 1
DHeadphongs < reeerserrssrssmssssienininiinions 1
4 Soft Case for Amplifier e eeseeseessien e d
5 Shoulder Belt ««+«wereeeersessanssisnenienss vene 1
B/ Carrying Case v immsissienisiminn 1
7 Operation Manual s eesessssssssicniisni i

8 3-Section Contact Bar with Sensor Table (Option)

2019/8/15



Leak noise correlator

=
=8
{ Leak Noise W
Radio Correlator Unit Radio Icl! um.nl
Transmitter Transmitter ‘
(B) (A) p——1

Pickup sensor Pickup sensor "

et
Valve [\ Point of Leakage AT

.
B'ke ol iiml NI Wil

Metallic pipe location

T —

| 4
Transmitter Receiver
e HH
Buried Metal Induced i ; : :/ /
pipe current Magnetic

A Indirect Method L B Direct Method

2019/8/15



Non metallic pipe location

Measurement of leakage volume

2019/8/15
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MNF Graph
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Measurement of Water pressure

gauge




Monitoring system

Maodule ]

it
=E *
| 2
=
Flowmeter & jJ. oz | |Office's g{
Pressure Gauge :;—,m*-’ TF pes i,
: Server =

Electronic Portable water Meter
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Meter Testing Bench

Water Quality Tests

2019/8/15



Measurement of Flowing Water from
a Water tap

@Water faucet (Dla 13m/m Skgﬁ’cmZ)

©

No. popa\I popgStrz Sgdple ?é)Odpla Fllyp
30/min’ 95/min caree cgree:

Sl

On-the-Job Joint Training

Kindly Lets All
meet at Embu on
17th June 2019
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KENYA WATER INSTITUTE J I CA

CONCEPT OF HEARING ABILITY

#15-2(R-1)

W.MOSETI
JUNE 2019
(KEWI)

B Outline of the Presentation

Definitions

Objectives of the lesson

The Structure of the human ear
Hearing

Defects of the ear

Testing listening capability
Hearing in leak detection
Conclusion




Bl Definitions

Hearing- the ability to perceive sounds made by
someone or something with the ear

Listening-giving one’s attention to sound. It requires
focus and attention

Decibels (dB)- the unit used to measure the intensity
of sounds or degree of loudness

Herzt (HZ)- the unit of frequency of sound waves

8/15/2019

B Objectives of the lesson

To understand the concept of hearing in
human beings

To relate capability of hearing with leak
detection/ surveys

8/15/2019




The Structure of the human ear

Stapes

(attached to

oval window) N
Semicircular

Canals

Auditory Canal

Tympanic Eustachian Tube
External Ear Membrane -

Window

Outer ear (pinna and External
Auditory canal)

Middle ear (three ossicles- Malleus,
incus and stapes)

Inner ear (the vestibule, the
semicircular canals, and the
cochlea)

Auditory nerve (cochlea nerve)

8/15/2019 5
B Cochlea
Three canals

scala vestibuli = Vestibular
\ e = Median
_ scala media .

~—— _ = Tympanic
Fi@g{wﬂri Organ of Corti
’i—%gﬁﬁj_&a\ Brain (auditory cortex)
scala tympani

8/15/2019 6




Bl Defects of the ear

Conductive deafness
= Blockage of the external canal with wax

= Perforated eardrum (infection of middle
ear of mechanical injury)

= Hearing aid can be used to amplify
sound waves before they enter into the
inner ear

8/15/2019

B Defects of the ear

Perceptive/ sensorineural deafness

= Malfunction of the cochlea and auditory
nerve
Exposure to excess noise > 85 decibels
Injury
Inherited
Explosions/gun shorts

Infection
812/Ptesbycusis (Aging)




Testing listening capability
T

Pure- tone Audiometry or room
hearing test

It measures a person's ability to
hear different sounds, pitches,
or frequencies

W'
'U‘\_\

Examine with two routes
from bone and outer ears

8/15/2019

Testing listening capability
|

Pure-tone audiometry

(a) Inspect the combination sound of Hz and
dB produced from an eardrum.

(b) Inspect the strength of occurring Hz from
the bone of an ear.

(c) The relation between Hz and dB is
represented in a graph

8/15/2019
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MIE Typical Patterns (Oscillogram)

Source, Yomiuri online 2018-03-18

dé
20 dB
dB
) l:)l -20 g
10 =10 0
: 0 10
20 10 20
30 T 20 30
30
-i (: T Left ear (bone) p 1 Lett ear (bone) iﬁ
:) L Right ear (hone) 50 L Right ear (bone) | 60 I::I Lmhiar "’:ne)
6 ‘ 60 0 Right ear (bone)
70 O Right ear 0 ORight ear 80 O Right car
80 ¥ Left ear 80 % Left ear , n‘"‘; - X Left car
](‘;H i i | :;:; 110 Typical elderly people
| is hearingTassis | 120
10 Normal ]'l:; Ly He s kearing lnssss 125 250 500 1000 2000 4000 8000 Hz
120 B 125 250 400 1000 2000 4000 5000 Hz
125 250 500 1000 2000 4000 8000 M:
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-10 :
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0
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30 ............ '
i 60 years old
40 i
50
70 years old
60
i i i \ 80 years old
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Bl Hearing in leak detection

Fricative sound - water
spurts out of the pipe from Sufice of the ground
a hole

Impact sound -jetted water ® = *

Collides With the b to sqm Pipeline \fﬂ:nu\'caov;:d\ \;WPipe]ine
) TR [ NN MO

surroundings A

Fricative sound Vibration noise 'transmitted to the warer

FIOW|ng Water sou nd - ‘Hithz/LargedBleaksound‘ ‘Losz/SOftdBleaksound‘
water squirts out of the

pin/15/2019 13

Bl Hearing in leak detection

Fricative sound generated
by running water flowing
out

Leakage sound transmitted “.....cou

Surface of the ground

Flowing w500 o sound
o zquirt

t O th e W at er to Sqmﬁl ‘x Pipeline Fricative sound ) ¢~ Pipeline
b ’-/'H ’J;'A ) \‘\ %m,mise
. . . . Leakage sound
VI b ra t 10N nolise Of p I pes Frieafive sound - ion noise L;i{:r;zﬁs:du?: the “Y';?g'rwm e
g enerated by runn | ng ‘ High Hz / Large dB leak sound‘ ‘Low Hz / softdB leak sound‘

water flowing out

8/15/2019 14







Hearing in leak detection

A

Evaluated dB

Levels of hearing

level
loss

(Average)

Ability of

S AT sound hearing

Even small leak noise/ flow

Good sensitivity 3~7 running sound can be detected. Optimal
(Experience required)
Leak noise/flow running sound
8~20 can be detect (Experience Suitable
required)
. Amplified
: : Even small leak noise/flow
Mild hearing loss 25~39 /en small leak no i detectors
running sound can be detected. .
required
Moderate hearing Difficult to detect leak noise/ flow .
40 or more : Inappropriate
loss running sound
8/15/2019 17
]
(((@ NAIROBI AUDIOLOGY CENTRE
(HEARING & BALANCE CENTRE)
Grace Kang'ethe
Dip. Clinical Med; Higher Dip. ENT (Nbi)
Dip. Audiology (UK)
AUDIOLOGIST
Tel: 2010612 /0721-439581 Greenspan Clinic,
LANDMARK PLAZA Fax; 2731305 Greenspan Mall,
1# Floor P.0. Box 216 - 00202 Donholm, 2nd Floor
Argwings Kodhek Road ~Narobi, Kenya Mobile: 0725 021 315 / 0788 204 504
(Opposite Nairobi Hospita) Emal:info @nkiauobogycente oo ke infogreenspan@nairobientclinic.com
{Healing is our concern) www.nairobientclinic.com
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Bl Conclusion

The equipment to be used for leakage
detection needs to be selected according
to an investigator's listening capability

The need to periodically get a hearing test

8/15/2019 19

The End
Thank you for your attention
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HOW TO MONITOR NON REVENUE
WATER IN RESERVOIRS

#16(DRAFT)

A.KARISA
JUNE 2019
(KEWI)

LEARNING OBJECTIVES

LlUnderstand the general distribution system
L] Understand the typical inflow and outflow patterns

Ll Understand the type of Non-Revenue water caused from
distribution reservoirs

Ll Understand the roles of flow meters and water gauges

Ll Understand the concept of how to investigate the
change in inflow volume hourly

Ll Understand the concept of how to investigate the
change in water level hourly

8/15/2019



INTRODUCTION

“*The non-revenue water (Physical -
Real Losses) generated in the water
reservoir is mainly caused by:

(a) degradation of the function of the
distribution reservoirs

(b) loss of purified water

(c) water pollution caused by invasion
of contaminated wastewater from
the outside.

INVESTIGATION METHODS OF WATER LEAKAGE

+“»Study of structure of distribution reservoirs;
(a) Inspection of visual and deterioration,
(b) Watertight survey of the distribution reservoirs,

+» Study of evaluation of measuring equipment functions
and piping installation status,

“» Implementation of evaluation for monitoring function
of water distribution / water level management

+»Confirmation of current design specifications

JUNE 2019
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The places where NRW occur

“» Main body of structure

“»*Near the penetration pipe of the wall

*» Outflow Piping

*» Others (measuring instrument for water distribution

June 2019 5

e _77;:7_7—‘_“—\—.¢_ .
_ KEY WORDS DEFINITIONS
% Service/Distribution reservoirs

It is a reservoir for temporarily storing purified water in order to properly distribute water
according to demand in the water supply area.

< Water distribution management

It is to accurately predict the hourly fluctuation of demand from well-balanced water volume &
water level management and to carry out safety, rational and efficient operation management

« Effective capacity of distribution reservoir
It is the capacity between HWL and LW.L of the distribution reservoirs.
(Usually 6 to 12 hours of maximum daily consumption)

< Planned maximum daily consumption

It is the maximum amount of water supply per day.  (Service population x Max. supply per
day per head xSafety factor)

<+ planned maximum hourly consumption

It is the maximum water consumption during the year's hourly consumption. (It is 1.5 to 2.0 times
the average daily consumption)

“* Hourly-variation graph of daily water distribution

Predict water distribution change per hour by comparing the balance of "Inflowing" and
"Outflowing“in a bar chart.

“* Hourly-variation curve graph of daily water level.

To predict water distribution change per hour, the "difference (water level)" between the
Inflowing amount and the Out flowing is represented by a curve graph.

(Predicts the risk time zone of Overflow and Air mixed water supply)




WHAT IS THE FUNCTION OF THE DISTRIBUTION RESERVOIRS ?

“»The function of the water supply reservoir provides stable

water supply service even in the increasing water supply
demand time during the daytime.

“In particular, it has the ability to store the amount of
consumption required during the daytime during the
night when the water consumption is low.

“+Also, there is no loss of purified water, the structure of
the reservoir is not polluted by sewage or groundwater
invasion and normal maintenance is required.

What is Water Distribution Management?

«» Distribution management is to maintain the balance of the
day's balance according to changes in demand.

“»The simple management method is to measure "the difference

in water level" between Inflow (A) and Outflow (B) over a
period of 24 hours every hour.

“»In other words, proper water distribution management, timely
the "simulation graph" is created / analyzed from the
measurement data of the current water level change, so that
the water level of the water distribution reservoir will not
become zero and not Out flowing while predicting the demand

trend by hourly. As a result, it is possible to reduce non-
revenue water by Overflow etc.

8/15/2019



.;,,.-,/’—E%NCEPT OF FLOW METER AND WATER LEVEL MEASUREMENT IN WATER DISTRIBUTION
MANAGEMENT

Water Level Regulator

Valve-A
Inflow

o PO

Pumping Sy
Distribution Reservorr N 0
X

Gravity Systen

O]

,;,—r-/ -

OUTLINE OF DISTRIBUTION FACILITIES

» Types of Distribution Methods

<+ There are two types of water distribution system, gravity type and pump pressure
type.

~ Patterns of Inflowing and Out flowing

<» In general, the water distributed from the water purification plant is constantly
Inflowing into the distribution reservoirs, but the Out flowing as consumption from
the distribution reservoir fluctuates irregularly in the state of use of consumption in
the water supply area.

-~ Patterns of Inflowing
Purified water is usually distributed to a water distribution pond at a constant quantity
for 24 hours.

“» A certain WSP operates the water purification plant only during the daytime and does

not operate the Outflowing valve at night, so the Out flowing stops or the Out flowing
decreases / becomes zero.

10
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PATTERNS OF OUT FLOWING

» Demand for annual water supply volume fluctuates with
time due to the following factors.

*» Change in scale / area of water distribution system
*» Change in application of water supply area
*» Changes in water distribution by weekday / holiday

*» Change in temperature / season / relationship between
weather and water distribution

*» Status of change of replacement / expansion work of
piping

11

G Distribution Reservoir
=
- Flow Meters
Clear Water Reservoir @
Purification Systems ‘Water Level Indicators
Transmission Main Reservoir
Pipe Distribution Facilitie:

June 2019
12

8/15/2019



TYPES OF DISTRIBUTION RESERVOIRS

“*There are ground type, semi-
underground type, and underground
type in large-capacity distribution
reservoirs.

“*In addition, the elevated tank is used
as a small scale distribution tank

5/5/2019 13

TYPES OF DISTRIBUTION RESERVOIRS

/) | Over (1,000 = 200 munt
Glass-cloth | Less than 1,000 =150 mmt

5/3/2019 14
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EXAMPLE OF A CONCRETE-TYPE DISTRIBUTION RESERVOIRS
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CONCEPT OF DESIGN CRITERIA

»Necessity for a Review

The formulas of design criteria for evaluating the current
water distribution function due to changes in the
distribution environment are :

_l Changes in water demand

“*  @eneration of non-revenue water
‘0

*

Appropriate effective capacity (increase of fire
extinguishing water quantity)

L)

June 2019 v

CALCULATION FORMULAS OF DESIGN CRITERIA

+ Calculation of planned water distribution
(1) Formulas:
(@Design daily maximum supply per head :q (I/capita/d).................. (1)

(a)Assumptions; This amount of water supply (water supply volume) is the
demand amount (m3 / d) assuming that all customers in the planned
distribution area use water concurrently during that time zone.

(b) Application:
This formula serves as the basis for calculating the basic water volume for the
planned maximum daily consumption.

June 2019 18
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Design cont’

@ Planned maximum daily c ption: Qd (M3/d) covvevervrreeven. (2)

=qx P x(1+Lf)

(a) Assumptions;

g (I/head/d)= daily maximum supply per head

*P (head) =Design population served

*Lf = Loss amount due to non-revenue water

(b) Application:
This formula serves as the basis for calculating the basic water
volume for waterworks' scale determination

June 2019

19
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Design cont’

@Planned maximum hourly consumption Qhmax

=Q/ 24(h)
(a) Application:

This formula serves as the basis for calculating the basic

water volume for determining the equipment
specifications

5/3/2019
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Design cont’

* GPlanned maximum hourly consumption in normal condition
: Qn h max (m3/h,................. (5)

® =Qn h maxx K
(a) Assumptions;
*K-value: Maximum hourly-variation factor
=(Qh max(m3/h) + Average hourly consumption (Q h av: m3/h)
(b) Application:
This formula serves as the basis for calculating the basic water
volume of the water distribution facility plan / fiscal plan

June 2019 21

Design cont’

@planned daily average consumption: Qd av(m3/d)

.................... (4)
= Qd avx (70~80%)
(a) Application:
This formula serves as a basis for calculating the basic water
volume of the water supply finance plan, including the

calculation of chemicals / electricity consumption /
maintenance and maintenance cost / water fee etc.

June 2019 22
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Design cont

@Planned maximum hourly consumption in
firefighting:Qp(m3/h,......... (6)
=Qnh max+Qf
(a) Assumptions;
*Qf (m3/h) =Amount of fire-fighting water
(b) Application:
This formula serves as the basis for calculating the reference

water volume for the scale determination of the water
distribution network.

June 2019 23

CONCEPT OF FIRE DEMAND

“*NOTE-5Example of prediction of Fire Demands

(MDComprehensively judge from regional population, hearing
rate, housestructure (Example for 5000 area................... 1.0
m3/min for 1.0 hour (Japan)

) Judge from population number .....Refer to Table-1 (Japan)
® Refer to KENYA STD
(Details : Practice Manual for Water Supply Services. Dec. 2005)

In urban /rural centers, Capacity for firefighting should not be
less than 10 liter/sec during 2 hours (0.6 m3/min for 2 hours).

5/5/2019 2

8/15/2019
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Design cont’

* Calculation of capacity of circular water distribution reservoir: V(m?3)
(1) Formulas:
@ Capacity of circular water distribution reservoir: V(m?®).......... (8)
=(AxH)+N
(a)Assumptions;
* Effective water depth: H (m)
*Number of reservoir: N (set)
*Cross sectional area: A (m 2) = R (radius) x R (radius) x 3.14
=R2x3.140or=V=+H
*Diameter: D(m) =2 (VA/3.14) =2R=R+R

June 2019 25

H 5

A (m2) —II:
To be Rectangular L

F——Rx3.14—

26

8/15/2019

13



FLOW METERS/WATER LEVEL GAUGES USED IN THE SURVEY

“»Basic data necessary for understanding water distribution
management, fluctuation in both the Inflow capacity and
the water level will utilize the existing measurement
equipment

Flow meters
The cumulative flow rate measurement of the both
Inflow into reservoir and Outflow as consumption is
recorded with a following flow meters

June 2019 27

FLOW METERS

1Points to Keep in Mind during Selection

« Points to be noted when choosing the type of flow meters are shown below.
(a) Flow metering can cover flow range of design value.

(b) Accumulated flow rate is displayed.

(c) The instantaneous flow rate is displayed.

(d) Accumulated flow rate and instantaneous flow rate data are saved.
(e) Head loss is low

(f) New flow meters and passed the performance test

Test pressure (1.5 times) / Test duration (1 ~ 2 min.)

- Visual examination

- Operation inspection: meter operation, water hammer, water leakage
- Accuracy test: 1ISO 4064 / MID 2004/22 / EC

- Manufacturer's reputation is good

28
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Types of Flow meters

* Types of Flow meters

® The accuracy of the flow meter causes measurement errors
due to the properties of the liquid, the material of the pipe,
the amount of water in the pipe, installation conditions.

Select the optimum model by paying attention to the following
items.

@ Pipeline status
(a) Condition of water flow (Is the pipeline completely full?)

(b)"Securing the straight pipe part necessary for the flow
meter" on the upstream side and downstream side of the
measurement part?

5/3/2019 29

Flow meters cont’

® (c) Confirmation of aging situation of pipeline. (Influence of measuring accuracy
due to corrosion inside and outside)

¢ (2 Model - Selection of caliber:

® (a) For selection, check design conditions such as measurement range and
measurement accuracy.

e (Q)Cost Comparison:

® (a)Consider the total cost including the flowmeter and related equipment price,
installation cost, maintenance cost etc.

o @selection of standard products:

® (a)Select a product that is certified for performance and that passes the test. And
regularly verify performance every year.

o (®Generation of pressure loss:

® (a)Select pressure type loss caused by inserting the flowmeter, which is acceptable
type.

* (® Installation location

® (a)Choose an installation location that is easy to inspect, dry and difficult to mix
with sewage and has no risk of damage.

29th November 2012 (KEWI) 30
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Head Loss

“In particular, the head loss of the mechanical flow meter
generally increases with increasing flow rate.

“*As the head loss increases, the accuracy of the

measurement range of the small flow rate

decreasesparticularly.

5/5/2019
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Hydraulic design calculations

Terminologies

DQ (m3/sec) is the Volumetric Flow Rate passing through the pipe or
channel.

(@A(m?) is the Cross-sectional Area of flow normal to the flow direction.

®@f (m) is theFriction Head Loss in which is that
occurs in pipe or due to the effect of the fluid's near the
surface of the pipe or duct.

@s is the bottom slop of pipe or channel called the Hydraulic Gradient.

@n (-) is a dimensional empirical constant called the Manning Roughness
Coefficient.

® € (-) is the Discharge Coefficient of the ratio of the actual discharge to
the theoretical discharge,

Call Hazen-Williams Coefficient.

5/3/2019 34
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Hydraulic design terminologies

@P (m) is the Wetted Perimeter of the cross-sectional area
of flow.

R (m) is the Hydraulic Radius (= A/P) in which is the area
of the water prism in a pipe or channel divided by the
wetted perimeter.

June 2019 35

Formulas and /or Graphs used for hydration calculations

11.4.1Use of Empirical Formulae and Equations

< In water supply the following three equations are used most commonly.
(a) Weston formula (Applied to $50mm or less)

(b) Hazen-Williams’ formula (Applied to $75 mm or more)

(c) Manning’s formula (Applied to open channel flow only)

11.4.2 Use of Graphs of Flow (I/sec) vs Hydraulic gradient (%o)

The easiest method to check on whether flow rate is available or not is to make use of
the Frictional Head Losses Graphs in which show the specific flow (I/sec)vs and
amount of frictional head losses per unit length of pipe” Hydraulic gradient (%o)” at
each pipe dimension.

June 2019 36
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WORK ETHICS AND COMPLIANCE
FOR WSPs STAFF

#17(DRAFT)

Eng.H.Karugendo
JUNE 2019
(EWASCO)

WORK ETHICS AND REDUCTION OF NRW: DEFINATION

WORK ETHICS: Could variously be defined as follows:

* A set of moral principles a person uses in their work

* A societal believe that hard work and diligence have
a moral benefit and inherent ability /virtue to
strengthen character and individual ability

* A set of values centered on importance of work and
manifested by determination or desire to work hard

8/15/2019 2
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WORK ETHICS AND NRW: DEFINATION

Factors that demonstrate strong work ethics include:

Integrity
Absence of corruption
Professionalisms; emphasis on quality and timeliness

Discipline which enhances a sense of commitment,
respect, flexibility, humility, creativity, team work,
cooperation etc.

8/15/2019

WORK ETHICS AND NRW: DEFINATION

FURTHER DEFINATIONS:

Integrity;, a word derived from a Latin word;
integer-meaning whole or complete. It’s a state of
being honest, having strong moral principle, fairness
and doing the right things.

Corruption; abuse of entrusted power for private
gain, illegal, dishonest behaviour by people in power.
In accordance to Kenyan law: corruption means any
action by a public officer that leads to offences of
bribery, fraud, embezzlement or breach of trust in
use of public resources

8/15/2019 1
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WORK ETHICS AND NRW: ETHICAL CULTURE

BUILDING AN ETHICAL CULTURE

To build a strong work ethics parties involved; the Employer and
the Employee need to be committed and each to act their part:

* Employer: Top management need to walk the talk of ethics. It
must create a culture that supports ethical behavior and
rewards effort. Management must respond to improper
behavior through sanctions that are consistently applied.

* Employee: employees should be dedicated and committed to
their employers goals. They should do their assigned duties in
a professional and timely manner

A strong work ethic creates an environment of dependability

and accountability between the parties

8/15/2019

WORK ETHICS AND NRW: ETHICs & NRW

THE EMPLOYERS ROLE S Include:

Contract well trained, skilled and ethical top managers

Create an ethical working environment

Recruit /train staff on reduction of NRW skills

Provide material resources towards reduction of NRW

Reward performance and punish indiscipline

Enhance cordial and friendly relationship with the
customer thro education

8/15/2019 thro
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WORK ETHICS AND NRW: ETHICS & NRW

Role Of The Employee Includes:-

Managers to create ethical work environment, monitor, evaluate
and enforce policy. To reward performance and sanction
indiscipline. Ensure harmonious employer/customer relationship

Supervisors to superintend and enforce implementation of
assignments within agreed timelines. To support management in
matters of rewarding, sanctioning and customer relationship.

Lower cadre to perform their assignments with integrity, diligence,

respect and portray a positive image to customer.
customer feedback on tariff and water supply nework intergrity.

Feedback,

WORK ETHICS AND NRW: ETHICs & NRW

Role of Customer / Client includes:-

e Support the Employer by maintaining integrity
* Pay for services on time

* Provide a feedback on the quality of services.

* Report malfeasance by neighbors or employees.
* Report incidences like bursts

8/15/2019
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WORK ETHICS AND NRW: ETHICs & NRW

Malfeasance and NRW

NRW Is in a big way related to poor work ethics as
amplified in matters centered on integrity as follows:

* Physical water losses
— Water lost due to delayed attendance to bursts
— Water lost due to non-reporting by customers

— Water lost due to employees negligence of their
duties: no patrols, poor workmanship etc

— Water lost as a result of use of poor materials: poor
specifications /poor controls/fraud

— Etc.

8/15/2019 9

WORK ETHICS AND NRW: ETHICs & NRW

Malfeasance and NRW continued
* lllegal Connections
Perpetrated by staff in collusion with customers

Perpetrated by customer but remain undetected through
negligence of duty by staff or / customer

Deliberate tapering with water meters: customers alone
or in collusion with employees

— Etc.

* Systems and Billing Fraud
— Distorted meter readings: gates locked, meters buried etc
— Wrong billing data entries: deliberate or carelessness

— Hacking into systems data base and manipulation of data
therein

8/15/2019 10
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WORK ETHICS AND NRW: ETHICs & NRW

CONCLUDING REMARKS

Strong Work Ethics is a major contributor to reduction
of NRW water, for where work ethics are poor,
integrity and commitment to duty are a challenge
and the two combined lead to large NRW.

8/15/2019 11
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AWARENESS OF WASREB NON
REVENUE WATER STANDARDS
#18(R-1)

Eng.D.Ngugi
JUNE 2019
(WASREB)

Wait a minute

* Do you know of the existence of NRW management
standards published by WASREB in 20147

* Does your WSP use these standards?

* Which of the four standards do you find relevant in
your day to day work?

* Are you aware of the WASREB Impact reports?

* Are you aware of your WSP’s NRW rating in the latest
WASREB impact report?

* Do you think your WSP’s NRW rating in the WASREB
impact report is realistic?




Presentation Outline

U NRW definition

U NRW components

U National trend in NRW

U NRW challenge indictment

U NRW diagnostic approach - critical questions
U NRW standards development

U NRW standards Key Issues

U Regulatory actions to manage NRW through NRW standards

Non Revenue Water

U Definition

NRW = SYSTEM INPUT VOLUME - BILLED AUTHORISED
CONSUMPTION

(The difference between the amount of water put into
the distribution system and the amount of water billed

as authorized consumption)

8/15/2019



NRW Components

IWA Water Balance Table

: Billed Unmetered Consumption Water
Unbilled Authorized Unbilled Unmetered Consumption
Consumption (e.g. flat rates not billed)
Estimations and Data Handing Errors
System input Commercial
Volume 1 uﬁ{lpﬁlmﬂ c A g
(cormected for
known errors) X HNon-
Unauthorized Consumption Revenue
(e.g. lllegal connections) Water
Water Losses
Leakage on Transmission andfor
Distribution Mains
Physical (Real) Leakage and overflows at Utility Storage
Losses Tanks
Leakage on Service C: -
up to point of Customer Use
National Trend in NRW
Non Revenue Water Performance Trend
50 47 46
. 43 » 43 » "
=y —+—NRW, %
:‘f 35 - —#— Acceptable Benchmark, %
230
RS
§
3 20
-3
5 15
z

=
o v o

2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18

Financial Year

Turnover — Kshs 19.7 Billion
Sector Benchmark - 20%
Monetary NRW after allowing benchmark > Kshs 7 Billion

8/15/2019



NRW Challenge Indictment

U High NRW levels indicate poor management in form of either;

» Poor governance practices - Integrity, illegal connections,
outright theft, omission/commission...

» Poor commercial practices - management, estimations,
metering inaccuracies, adjustments,...

» Poor infrastructure/maintenance - System inputs/production
meters, pipelines(rehabilitation, renewal, quality,
workmanship...)

NRW Diagnostic Approach
Critical Questions

Basic Logical Flow:

1. How much water is being lost?
2. Where is it being lost from?
3. Why is it being lost?

4, What strategies can be introduced/intensified to reduce

losses and improve performance?

5. How can we maintain the strategy and sustain the

achievements gained?

8/15/2019



NRW Standards Development

+** Need for an elaborate mechanism to systematically guide proper
management of NRW reduction hence the NRW mgt standards.

+* NRW mgt standards comprises of; Manual, guideline, handbook and
case studies. Made via a stakeholder engagement process over 4yrs
(2010 — 2014) with pilot WSPs (Meru, Embu, Narok and Kapsabet
Nandi)

+*» Manual, handbook and case studies for use by WSPs and Guideline
by WSB

v" Manual - WSP - Guides understanding of NRW components and

how to deal with them, NRW reduction plan development and

implementation modalities

v" Handbook - simplified NRW reduction manual with
illustrations/photos for use by technicians and field personnel

v’ Case studies - actual work carried out in the pilot WSPs (Meru,
Embu and Narok) developing and implementing reduction plans
where interventions identified are prioritized

v’ Guideline - WSB - assess & evaluate WSPs and give direction to
WSPs in NRW reduction activities’ implementation (previous legal
framework)

NRW Standards Development — cont’d

+* WSP makes custom made (contextual) NRW
reduction plan as guided in the standards framework
hence best suited to reduce NRW effectively

+* NRW mgt standards developed to provide practical
approaches to reducing NRW in Kenya
(contextualized) despite many other international
standards existing

+* NRW mgt standards not yet effectively utilized to
lead to significant reduction of NRW

+» CoK - right to water - Obligation on state
agencies....\WSPs at primary level

8/15/2019



NRW Standards Key Issues (framework)

NRW Standards - Five Key Issues

/Areas Sub Issues/Areas

Water Balance, Flow and Pressure Water Balance, System Input Metering,
Monitoring, Mapping Pressure Monitoring, Maps/GIS

Leak Repair Records (Turn Around Time,

2 Leak Repair Records .
P materials, methods, ...)
3 Performance Indicators Performance Indicators

Active leakage control, District Meter Areas
(DMAs), Leak Repair - Distribution
Pipes(Repair Time), Leak Repair - House
Connections

4 Active leakage control

Customer Metering, Customer Meter
Replacement and Age, Customer Meter Class,

5 Customer Metering Customer Database, Customer Meter Reading,
lllegal Connections, meter tampering,
bypasses

Regulatory Actions to Manage NRW through NRW Standards

Enforcing implementation of the NRW

standards/guideline (establishing strategic NRW management
function in organogram, NRW reduction planning, quarterly reports
submissions for review.....)

Setting targets on reduction of NRW under
Minimum Service Levels commitments (Licence and RTA
conditions)

Provision of resources in the Tariff for effective NRW
Mmanagement (capacity building, specific NRW reduction
investments, Performance Based Contracts, ...)

Reporting to the public on progress in NRW

management struggle (stakeholder engagement for support and
accountability...)

8/15/2019
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UNDERSTANDING OF
REHABILITATION PLAN OF
NETWORKS

#20(R-1)

W.MOSETI/J.KANDE
JUNE 2019
(KEWI)

1. Objectives

(D Understand the concept of rehabilitation plan
of piping network,

(@ Understand the components on it,

@ Understand corrosion mechanisms to
metallic pipe materials,

@ Understand the Non Metallic pipe
production, classification and jointing
methods.

2019/8/15



2. Introduction

* In order to implement NRW reduction
effectively, it is important to formulate and
implement a renewal plan.

* In addition, the PDCA cycle of
formulation/evaluation of the improvement
plan of NRW reduction

Basic knowledge required for NRW

reduction planning
(D What is the management ledgers to be
arranged?

2 What is the implementation of additional
investigations?

@ What is the improvement methods of leaking
pipeline?

@ What is the cost-effectiveness evaluation?

@ What is the evaluation of management indexes?

2019/8/15



PDCA cycle to formulate effective NRW
reduction and improvement plan

1) Amangement of piping network drawings

(5) Identificaon of leaked water network | A) Collection and analysis of available 2) Arangement of assat | depreciation ladgers
| (6) Meatification of aged ppe petwarks | basic data (3) Setting of useful lfes
l (4) Amangement of water leakage accident | repaur ledger
4+

(TSharmg definstions of techical tarms required for NEW

‘ tedichion aclivibes

F) Implementation of the solution for the - B) Conductof ol nvestoion

probbas (8)lmvestigation of present underaround beakage by leak detecters I
' 9)Survey of remamng leakage and restored amount
| E) Achievement evaluations J {10) Evabuation of a preveation workload and economic efficiency
112) Method of cost-effectiveness evauation
13) Improvement effect of busmess (1) Purpose of formulation of mprovement plan
management mdsves valies + St goals for NRW reduction management
f *Study of procedure of au rebabibtation plau

() Items to consider for formulatmg an * Rebsbilitation wethod of old ipelines

D)Formulation and mplementation of
NRW reduction plan

mprovement plan for NRW reduction  Metal pipes (Steel CIP)

* Syuthetie ! resm prpes (PVC | PE)

4. Collection and Analysis of
Available Basic Data

4-1 Necessity for Arrangement of Piping
Network Map

Step-1 (Transfer the current drawing information
to one topographic map)

Step-2 (Creation of Mapping on PC)
Step-3 (Creation of GIS on PC)

2019/8/15



Cont

4-2 Arrangement of Fixed Asset Ledger
4-2-1 What is an asset?

Assets are classified into fixed assets (for
example land, buildings, machines, facilities,
facility usage rights, patent rights), current
assets (for example, cash, savings,
commodities, raw materials) and carry
forward accounts (for example, bonds,
expenses recovered by future earnings).

Cont

4-2-2 What is a Fixed Assets Ledger?

In order to early predict the durability / aging of
the piping network required to formulate the
NRW reduction plan, each WSP needs to quickly
create a ledger for the tangible fixed assets of
the distribution facilities subject to depreciation
according to the useful life.

2019/8/15
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4-2-3 Legal basis of depreciation and lifetime
classifications

For Kenyan regulations

(a) International Financial Reporting Standards
(IFRS)

Examples:- (Sewer & water system:2.5%, Motor vehicle:25%,
Furniture, fittings & equipment:12.5%, Computer equipment:30%o,
Tools; 33.3%, Office equipment; 13%. Generator;25%

(b) Kenya Revenue Authority (KRA)
Guide on Wear & Tear detection (Depreciation 2019)

Examples:- (Class A--37.50% : Heavy Machine (2.67 years), Class-B—
30% : Computers & related accession as (3.33 years) , Class-C—25%
:Saloon cars (Not heavy) :4 years, Class—D—12.5%: Furniture (8
years), Industrial Building: 2.5 % (40 years)

4-2-4 Purpose of creating fixed asset
ledger

(1) Asset management purpose (determination of
the lifetime of existing facilities)

(2) Accounting purpose
(3) Tax purposes
NOTE :Points to remember

(D Once you have decided on the asset register
creation rules, start asset management
immediately.

(2 When updating the ledger, it is necessary to
consider the description method so that the
process can be checked retrospectively.

2019/8/15



4-2-5 Entry example of tangible
purchased fixed assets

@D Project name and execution number,
@ Acquisition method,
® Year of acquisition / asset registration date,

@ Tangible fixed asset registration number when applicable ,
e.g. serial number, registration number,

® Purchase price or appraisal price / revaluation price,
® Name, details, and quantity of a tangible fixed asset,
@ Asset location, (Installation place and storage place)
Description of legal service life by facility,

(9 Clarification of calculation method of depreciation,
Registration number of design document and drawing,
@D Asset Management Department Name,

{2 Other matters to be helpful,

4-2-6 Retention period of a fixed asset
ledger

(1) Comply with statutory standards

* Tax retention periods such as invoices conform
to legal requirements.

(2) When there is no legal standard

* For example, in Japan, it is seven years and
two months of the end of the year.

2019/8/15



4-2-7 Introduction of the format
example of the asset ledger

(1) Fixed asset format
(2) How to create a simple fixed asset ledger

Example of Annual Report on water
leak repaired

2019/8/15



Types of leaked water generated

(1) Preventable leakage

It is the amount of water leakage that can be prevented by the
survey technology.

(2) Unpreventable water quantity (Permissible
water leakage quantity)

for example, the NRW reduction rate determines the target
allowable leakage rate considering cost effectiveness

(3) True leakage:

It is the amount of leakage that cannot be prevented even if any
leakage prevention measures are taken

Concept of total water leakage

Water .
Water leakage before prevention
leakage \/
Reduction amount (70 to §0% of
N (1) Preventable
actual loss amount) leakage volume by
. : survey technology
Leakage after prevention Y ’ ’
Leakage volume which can not be 2) Unable to prevent water for
prevented Various reasons
| —
Water 3 True water leakage Allowable leakage=Remaining leakage
leakage= 0]

2019/8/15



Characteristics of surface leakage
and Underground leakage

(1) Utilization of leak detection technology
(2) Water quality test
(3) Scale of damage caused by lost water

Improvement method of pipeline

(1) Update (replacement to new pipe)

(2) Rehabilitation (reinforcement of old pipe)
(3) Partial repair / partial replacement

(4) Change of piping route

2019/8/15



Classification of Corrosion Occurring
in Buried Pipe

Corrosion

General soil comosion

— |Micr0cell corrosion I—

Special soil corrosion

Natural
corrosion

Electric
corrosion

Bacterial corrosion

Concrete and soil corrosion

Macrocell corrosion | ——

Oxygen concentration (air flow
difference)

Dissimilar metals

Railway's vagus current

Potential difference interference

2019/8/15
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Relationship between pH Value of Soil
and Levels of Corrosion of Iron

pH value Degree of corrosion
4.5 orless Acidity Very corrosive
45106.5 Mild acidity Corrosive
6.5108.5 | Neutral or slightly alkaline Non-corrosive
8.5 or more A lkalinity Unknown

2019/8/15
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Unplasticized polyvinyl chloride pipes
(uPVC) Pipe Manufacturing
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' — .
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NOTE:

The fire adhesion method
frequently leaks water due to the
rise of water pressure, insufficient
strength of the structural adhesion

surface, insufficient adhesion time,
etc., and is not suitable for the
repair method.

2019/8/15
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KENYA WATER INSTITUTE j ICA

WORK FLOW APPROACH TO NRW

#21(R-3)

C.MAINGI
JUNE 2019
(JICA)

Perspectives of Output 4 (Pilot WSPs) on which
the Work Flow Approach proposed at the
beginning of Phase 2 is based.

® Sustainable application of knowledge & technical skills in
a real work environment of WSP (i.e. NRW Management)

® Starting with easy & highly effective activities
(e.g. checking customer meter accuracy with portable
tools such as calibrated buckets)

® Trying to avoid components which will or may cause a
significant delay of NRW reduction activities
(e.g. a large facility investment)

® Importance of work flow management for NRW reduction
(e.g. use of Open Data Kit (ODK))




Restructure of the TA

5. n Steps of TA for Each Group of Activities. Potential Outcomes sharable | Intensity of
an (trials) for Phase i :
[Relevant Trials from the Previous TA Plan used in Phase 1] ‘with Other WSPs. Support
T) Preparation of annual plan & update of mid-term plan (P: Plan) [related to Trials 1-a to|Realistic examples of NRW °
B
based on the Work Flow Approach i o OB
12) Impl tion of the annual plan (D: Trial 1-b]
Pp ) implementation of the annual plan (D: Do) Tril 1-5) i eyt .
13) Periodical (e.g. monthly) discussion on the progress (C: Check + A: Adjust) [Trials 1-b |Materials prepared for .
- . . |monthly discussion
Trials of the Previous TA Plan used in Phase -
2 = e |4) Review of the annual plan and reporting (C: Check) [Trial 1-b] | Annual review/report .
1 & their Corresponding Activity Groups of St o sl
- |5) Sharing of the experiences with other WSPs (S: Share) [Trial 1-b] he activiies & PPTs. [ ]
this Approach (Example of Embu WSP)
1) Preparation of a ODK form for checking meter accuracy, leakage with listening stick, | Draft ODK form for the °
illegal connection, etc. and recoding repairs [Trials 1-¢, 2-a, 4-a & b, 5-a10 ¢ & 6-1] lactivities around customers.
[2) Confirmaion of their their confirmed main ~
';“'-""' |of ODK form [Trial 5-b]
[3) Preparation T
[ e g i el s g Do 0 [their location using GIS labels [ Trials 2-b & Trial 5-c] |categorization and labeling O
1. Planningand _{b) Plan<bo-check st (PDCA) Cycle . |4) Filed trials of the ODK form for the activities around customers (by relevant unit & | Improved ODK form for the .
‘ﬁmx’ |sections) using ODK & MAPinr [Trials 1-¢. 2-a & b, 4-a & b, S-ato ¢ & 6-atoc]
R T I e b Lo Tompri |
o . |ODK Apneate at th endof each month [Trials 1-b & 3] discusson
- [
A - . mprovement [Trials 3-4] [Flow diagram °
et e 5 5 Pl ook - — — .
s DB sl s | metersccurcy check tc) Trial - & ¢] hecked and replaced
i b e s w0 ata ilds
;Lﬁ;‘;’:ﬁm‘f“”"”"’“m g mpping ol . isolated arcas' ID for each customer and the data entry [Trial 3-c] | The improved illng system o
o et g iy oottt s [4) Establishment o NRW |Google Sheet for monthly °
on e ey s
P S R SRS PTITE Jarea with Google Sheet. [Trial 3-c] INRW ratio calculation
[ e Coc e sl ol b e nd . 5) Establishment of an easy bulk flow detection for abnormal .
o weekly NRW ) Eseblishmentof ey s sustainable muiteing of NRW o, water . heet (optional) [Trial 3-c] flow detection
g, Trial »f monthly NRW ratio N °
“L"\j:“““‘“"“‘““‘”“ 1o poiie s o diflmt- . The agreed trials calculation and abnormal flow monitoring [Trial 1-b & 3-d] land activities in the month.
St e A oy [ have been 1 owera " potter [Tl o
Jleskage f . wriation over the areas
reorganized into a o
E————— t :’ 7 1-2) Consideraon o minor ey modifeation forpressur eduction based on e [Selection of mprovenent A
4ok [T Ve ot f e dsa e " e Four Groups ete [Trial <] location
Mangerent | mning of Activities for il (e replacing. [Schedule of minor facilty °
i Reoccn of gt i comecies Easy for boilers with BPTs) [Trial 4-c| Imodification
ty N Implementation |2-1) Preparation of a ODK form for facility patrol along pipelines & underground line |Draft ODK form for the .
“]’":;““‘: p— of TA with Clear %:::7 &'l«U:w-u irs [Trials 4-b & d & 4%" . :clml‘:;xol%v\é ?pc\l’nan
i 0 g i - St b orm o theactivi NRWunitand mpror form for the
S Cutor et 1) Pration o rsTiion e e i rhpP i fovare, QField/SW Maps et [Trials &b & d & -] i i L
Ve Hlzadio] [23) Trial ly discussion using [Tables prepared for monthly 0
. Work Flow from ODK Ageregate [Trias 1-b & 3-0] discussion
o e ot gt v e . Approach of NRW leakage. the .
ke [Tl g b v e by | o Management ODK (optional) [Trials I-¢ & 2-¢] |consideration
el iois
B e N [Trial 4] r .
— [4) Various GIS i NRW i ‘pipe attributes, | Improved GIS layers as good. 3
| ve location, etc.) with QField [Trial 2-a] lexamples
NOTE: o: JI perts (o: The trial Expected Intensity of Medium . [Examples of implemented
wihich the. Required Support: |5) Enhancement of cooperation with the county against illegal connections [Trials 6-b & c]| [cooperation (]

Components of New TA Plan for Phase 2 & 3 (Embu)

/\

Work Flow Approach: Multiplex targeting
& easy implementation of activities over all
the service area, using a work flow

Review of Schedule and TA Plan

Work Flow Management Tool 1 {ODK - customers)

POINTS
L]

management system (consisting of free
software such as mobile GIS and ODK,
cloud server, smartphones etc.) in order to
reduce the overall NRW ratio of each WSP

Templates

& Warkshops

# Collection of
Good Practises
® Revision of
WASREB's NRW
Standards, ete.

‘Work Flow Management Tool 2
(Google Sheet = bulk meters)

Work Flow AREAS
Management
Tool 3 (ODK
pipelines), etc.

3

LINES

7
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| Progress and Activity Report

/ Plaasg sakst accons tobs Lk
|

[B] Customer related Activity &=

///
[

A ¥

Purpose: The main purpose of undertaking
this kind of activities is;

1). To enable multiplex targeting not only

by area e.g. DMA.
2). Easy implementation of activity over all

service area using workflow

management system, GeoODK and MAPinr.
The activities under this group include;

a) Checking of underground

leakage sound with the listening stick.
b) Meter accuracy check using the calibrated

bucket or the portable meter tester.

Use of portable meter tester 5

== Many Low-cost Tools for Quick Results

2 Kent V110 el muke
(Volumetric = Treatment plant-
;I:::-(); A ‘_.1‘ Storage Tank

Volumetric Plastic Meters

Listening Stick (HWM: ST20 ~ 1m) (high accuracy and antitheft)
Listening Sticks

Calibrated Bucket

Maximum
Reading
Pointer

Pressure Map of Blue Valley
Pressure Gauges DMA

of Embu WSP (before control)

Service Areas of Embu WS
(before recent expansion)

8/15/2019
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Progress and Activity Report
[B] Customer related Activity

c) Checking of surface leakage from service connections
d) Illegal connection check
e) Meter replacement and relocation
f) Pipe fitting repair and faulty fitting check and follow
up. i1
Progress made l:

QO Trained on how to check meter

accuracy using the calibrated bucket |
and also the portable meter tester.

O An ODK form for meter accuracy and |
sound check has already

been established and have been

trained on how to use it.

ODK registration

o [N
7

- L ===

1-1) QGIS for a
Special Labeling
of Customers

1-2) MAPinr for Multiplex [
Targeting with Smartphones D
(e.g. Large Commercial
Customers) 2-1) Excel or

Google Sheet for
Preparing a Open
Data Kit (ODK)
Form

Search with Customer|
No., Category, etc.

™~ Hit List of Target
Customers

# 01

e

Example of Labeling
with QGIS: Area
ID_Consumption
Category_Type_
Customer
No._Customer Name
A2_C1_.CM_2599_
John]J.
A7_C1.CM_12045_
Noor A.

Work Flow Management Tool 1: A
single ODK form for checking [1] meter
accuracy with bucket/potable tester,
[2] surface leakage, [3] underground
leakage with listening stick, [4] illegal
connection, [5] faulty fitting, and
follow-up [6] meter replacement & [7]
pipe/fitting repair, etc.

roale data collesicnappspoLcor

| Replacement

g
| qgearnzclan
Switch software 2-2) i, A
after arriving at GeoODK | | g, |
each target Collect for —— o~ .

customer location Guiding &

w 2-3) ODK Aggregate for
Filtering Submitted
D ~ Records & Creating

x @ ODKAggregate 0

T —

Recording

Tasks at . . P
Site in reference to the map of identified problems created

with ODK Aggregate & viewed with MAPinr

Follow-up (replacement & repair) using the ODK form

x

(ee]

8/15/2019
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Use of Free Mobile GIS Solutions with Smartphones
for the Activities around Customers

(oo tue  moal
)oecookcotee. 4l i
‘What kind of visible problems
does the meter have? (multiple
selections allowed):

1) Damaged meter

2) Tampered meter

3) Reversed meter

4] likegible screen

5) Buied but not completely

6) Leaking (due to the O-ring of

casing)

7) Leaking (due to crack)

B) Broken seal

9) Faulty counter

10) Very old meter

11) Nat hasizontally installed
(encept for piston/volumetric

ODK Form for Various Customers, categorized with Different Icons for Geo-tagged Photo taken with GPS
Activities around Customers Prioritization, shown with MAPinr Map Camera

Repeat the test .':'.""“""‘“:_
after servjcing i

|
Links to th
pictures .

METER ... aduiced
AGGURACY (3 ==fmmelfr e,

b 1
o = = |
et i b
o [ e . e o t
ey times at maximum) _I
Ry
= |
P g ¥
[ [ ia0a, 00
fomn 1A | i, A3 W ke AT 23 i
= - w257 !
mre S p— e v
i ; e o A3 83
o T e o g i
il . B l1|
dun P 3018 Wicheian, - +
A
T " s
e | emmiean, (fTH 38 |
e ) 0 i




Progress and Activity Report

[B] Customer related Activity — Analysis using Billing
Data

Customer meter reading data analysis is also very crucial so as to know which
customer belongs to which zone or DMA. Other analysis can also be done based
on the customer type, consumption pattern, consumption fluctuation, meter age
etc.

Shown below is an example of billing on estimate of large consumers in Embu
WSP as part of the on-going data analysis in both Meru and Embu.

Name Aversge  Jan  Feb  Mar  Apr  May  Jum  Jul Asg  Sep Oet  Now
EMBU LEVEL FIVE HOSPITAL 58495 "+ 3508 "= 3051
K PRISON, 1053.0 "+ 7959 0—0
PROVINCIAL POLICE ELL )
ADMINISTRATION POLICE L 1| 1ssa2
al i 13563 "1z
13
% 11208
11537 "+ 9999 - voee 071655
NE €0 OCPD EMBU 1029.7 “eere Tems "o 775 Toaz
LRSITY COLLEGE 9644 01784+ s86S
“OLLEGE LTD. 960.3 "+ oma "s 100201 1003 00 "< se8 " _omsm
EMIL HOTEL LTD 9140 "6z 9513
AR 906,58 % 10504
8878 . az07
sm4a "o 1536 "+ 1834 " 1570 " 1468 ™= 12300 1 11927 1078 Tes1a Te336
B 5751
RWIKA TRCHNICAL INS r 5056
GOVERNMENT TRAINING INSTITUTE ©'0 784.3 Teaar

JUSTUS KINYUA MUGO C/O MOUNTAIN|  $913

Estimation of Billed Consumption (m3/month) (Example of Large Customers, Embu WSP)

Result of Billing Data Analysis

*Meru

Table: Categorization of Customers for the Prioritization in NRW Reduction Activities
(Customer Categonies by[No
Consumption Level and |Estimation
Times of Estimation in
2017

C3: 51-100 m¥/month
C4: 21-50 m3¥month
C5: 7-20 m3/month

C6: 0-6 m3/month

Total

*Embu
Table: Categorization of C for the Prioritization in NRW Reduction Activities
Cnmmer(.lmgories bymo. . O 1 032 ) @ 3o‘rMo.ra Total
Consumption Level and |Estimation Estimations Estimations
Times of Estimationin | Num.of |Perce| Num of |Percen| Num.of |[Percen| Num.of |Percen
2017 C ntage | C tage | C tage |Custo tage
20 45% 16]  36% 8] 18% 44| 02%
142| 63% 53] 23% 31 14% 226| 08%
- 413 63%) 142]  22% 96 15% 651] 2.4%
C4: 21-50 m3/month 1870| 56% 845| 25% 630 19% 3345 12%
C5: 7-20 m3/month 6.086) 49% 2,868  23% 3342 21% 12296] 45%
C6:0-6 5611 53% 2460 23% 2552 24% 10,623] 39%
Total 14.142| 52% 6.384| 23% 6659 24% 27.185] 100%
Other Customers without Biling Data in 2017 (mostly inactive or disconnected) 4292| +16%

8/15/2019



e G ) E«:::::" Bt m;:::u
The CL&  [*O™  cuomerrpe ot | SR ek st st ey et et stchng st e esost x| |t iy
‘ c2 (m3/month) mp (€mes) | (m3syear)
‘Customers Wr_ﬂsuc SCHOOL 16949 +14083 | +1260 | +1546 | +3731 011656[07 1512011512 7 25300
(>100m3/m |22 eviw coaveovr | iocis o5 S B i B ] K T
onth)| [ i | e e e
which i1 TCoMmRenT oris s e Bt e e v o P e o s
Experience 25«‘:3 ';3:{:3?:33{ ;:iz 2 01142 S 0124501245 2 :Z:
d More 25122 [rUmLIC SCHOOL prTE o | 0T T 7 VT
22643 |RESIDENTIAL 1942 C2: 071151 0122701227 | 01217 4 822
. e G e
Estimates E‘@AL 5| 01144 | 07144 | 48070 3 8358
06167 |PUBLIC SCHOOL 1700 [C2: 0110|0110 | -20 3 o
in 2017 02026 [G.OK. 1690 |C2: 07189 07176 07176 | 07189 | 07189 | +8621 | 6 9,540
17136_|EMBU COUNTY GOVT 166.8 C2: +244 +9999 0137 | 0137 4 10317
27270 |COMMERCIAL CARWASH 1639 |2 01117 | 0718 | -195 3 40
29743 |COMMERCIAL CARWASH 1519 |Ca: 0110001172 [ 071163 4483 | +2:21 B 3.439
[57020 [WATER KiOSKs 1458 |G 024 [ 016 [ 016 [ 076 [ -39 Vi ] 1 7 0
0179 |RESIDENTIAL 1348 |C2: 0111407114 [ 07114 01114 | 01114 B 570
E‘@AL e [Gr Tout Toris om |3 3
39132 RESIDENTIAL 03[ o [orist [0 3 | e
46977 |RESIDENTIAL 1299 C2: 801 -339 -457 - 801 4 -2.398
88062 |RESIDENTIAL 1289 C2: -335 +1038 | -370 | -1491 00 4 1,158
17015 |COMMERCIAL HOTEL/BAR | 1243 | C2: 07140 | +6140 | -5956 3 324
45248 |RESIDENTIAL 1238 c2 2414 (0717207172 | 01172 4 -1,898
59001 _|PUBLIC SCHOOL 117.8 C2: 016 016 013 -18 4 -3
46356 1120 [C2: 016 | -4 071158 3 160
36011 |RESIDENTIAL L6 |2 168 01110 | 712 3 434
E‘@AL [T = 38 ot 3 @
86108 RESIDENTIAL 10642t o [0t 10| 2 ot vin | s |
99057 |WATER KIOSKS 106.3 C2: 01574 0780 | 0780 | 0180 | 0780 | 0780 | 0780 -361 016 0170 | 0170 11 839
e s Mo T04a o o [ orw 0w ] )
S3581 [RESIDENTIAL ot 16 [ote | 1 3 o
53149 |RESIDENTIAL 1007 [ €2 017 |01106| 0149 0161 4 223
53079 | . 100.1 €2: 101-300 +89 016 0172 01156 4 323
Results: Large Revenue | SRS E
Average Bill after Action / Revenue
Increase before Action Change Increase Increase
! No. | Meter No.| Action Taken | (Ksh./month) (Ksh./month) | (Ksh./month) | Ratio (%)
18 1 15057 [Faulty changed 1,900 9,000 7,100 374%
examples 2 31087 Serviced 260 8,000 7,740 2977%
from the 3 18232 Serviced 800 1,300 500 63%
500 4 36333 |Faulty changed 260 600 340 131%
| d 5 18193 [Faulty changed 1,500 4,000 2,500 167%
already 6 35176 |Faulty changed 260 1,000 740 285%
checked 7 35101 |Faulty changed 260 1,000 740 285%
8 46024 |Faulty changed 260 1,700 1,440 554%
9 32022 |Faulty changed 260 5,000 4,740 1823%
10 06167 |Faulty changed 490 20,000 19,510 3982%
11 06085 |Faulty changed 260 500 240 92%
12 06114 |Faulty changed 260 500 240 92%
13 06079 |Faulty changed 260 500 240 92%
14 06093 |Faulty changed 260 400 140 54%
15 07069 |Faulty changed 2,000 7,000 5,000 250%
16 43400 Serviced 39,000 116,000 77,000 197%
17 01027 Serviced 63,000 200,000 137,000 217%
18 44006 |Faulty changed 8,000 32,000 24,000 300%
1ang
Total 119,290 208,500 [I289 2100 Mi242% 0]
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Progress and Activity Report

[C] Monitoring Activities for each Area using
Bulk Meters

Purpose: The main purpose of this activity is to be used as a monitoring tool
to detect abnormal flow to an established zone or DMA immediately it occurs

and identify areas with high-NRW ratios.

This involves the use of bulk meters to monitor activities within a demarcated

Zone or DMA e.g. For;
< Monthly NRW calculation in each zone and DMA
< Continuous monitoring of abnormal flow at each bulk meter.

The zoning of distribution network to form operational Zones and DMAs for
NRW monitoring at both Embu and Meru WSPs is on-going (already done on

GIS. Currently focusing on the replacement of faulty bulk meters) .

15

Progress and Activity Report

[C] Monitoring Activities for each Area using
Bulk Meters

Zoning lllustration

e 8 _iflopo @ Now Rrma
st

e 7_Embe Stam-Kamuamborn

Existing Work Zone (Not Identified Existing Distribution ‘I 6
Hydraulic), Embu WSP Zones, Embu WSP

8/15/2019
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Progress and Activity Report

[D] Other NRW Reduction Activities
along Pipeline

The main purpose of involving these activities along pipeline is to reduce physical
losses. - e i

These activities include;

0O Underground leakage detection, surface leak
patrol and repair of bursts.

O Pressure measurement.

Q GIS improvement.

0 Handpump use for testing new connections

Handpump use for new connections 1 7

Progress and Activity Report

[D] Other NRW Reduction Activities along Pipeline

So far, the two leading WSPs (Embu and Meru) have come up with a plan for
pressure measurements which will be used to manage pressure within their
zones or DMAs and to determine where best to position pressure reducing
valves or to construct break pressure tanks.

- Select the type of target pressure
that you are going to measure this

/ tima:
; 1) MAXIMUM pressure during
. ® the night when water
r / consumption becoms lawest

2) MINIMUM pressure duning a
high water demand time

A
= . i 3) RUNNING pressure at any
time chosen fos the
measurement
|
*

Planned Pressure Measurement in ODK Form for Pressure Measurement
Zone 3, Meru WSP with Pressure Gauges with Maximum
Pressure Pointer

18
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	[Appendix]
	Appendix 3) Training materials of KEWI Revised PracticalTraining Course on NRW Reduction




