DEVELOPING A METHODOLOGY FOR FINDING NETWORK WATER
LOSSES USING INFORMATION TECHNOLOGIES: A CASE STUDY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

HAYRETT N ONUR BEKTA

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
GEODETIC AND GEOGRAPHIC INFORMATION TECHNOLOGIES

DECEMBER 2010



Approval of the thesis:

DEVELOPING A METHODOLOGY FOR FINDING NETWORK WATER
LOSSES USING INFORMATION TECHNOLOGIES: A CASE STUDY

submitted by HAYRETT N ONUR BEKTA in partial fulfilment of the
requirements for the degree bfaster of Science in Geodetic and Geographic
Information Technologies Department, Middle East Technical Wiversity by,

Prof. Dr. Canan Ozgen

Dean, Graduate School Nfatural and Applied Sciences

Assoc. Prof. Dr. Mahmut Onur Karsl lo

Head of DepartmenGeodetic and Geographic Inf. Tech.

Assoc. Prof. Dr. Nuri Merzi

SupervisorCivil Engineering Dept., METU

Assoc. Prof. Dr. Zuhal Akyirek

Co-SupervisorCivil Engineering Dept., METU

Examining Committee Members:

Prof. Dr. Melih Yanmaz

Civil Engineering Dept., METU

Assoc. Prof. Dr. Nuri Merzi

Civil Engineering Dept., METU

Assoc. Prof. Dr. Zuhal Akyirek

Civil Engineering Dept., METU

Prof. Dr. Uygur endil

Civil Engineering Dept., METU

Gokhan Bac

Env. Eng., ASK

Date: 17/12/2010



| hereby declare that all information in this document hasbeen obtained and
presented in accordance with academic rules and ethicabieduct. | also declare
that, as required by these rules and conduct, | have fullgited and referenced
all material and results that are not original to this work.

Name, Last name: Hayrettin Onur Bekta

Signature:



ABSTRACT

DEVELOPING A METHODOLOGY FOR FINDING NETWORK WATER
LOSSES USING INFORMATION TECHNOLOGIES: A CASE STUDY

Bekta, Hayrettin Onur
M.Sc., Department of Geodetic and Geographic In&diom Technologies
Supervisor: Assoc. Prof. Dr. Nuri Merzi

Co-Supervisor: Assoc. Prof. Dr. Zuhal Akyurek

December 2010, 175 pages

This study aims to develop an integrated methodology for finding wedé&s lin a
water distribution network. The integrated methodology is formech fECADA
System, Customer Information System (CIS), and Geographioriafam System.
The methodology is based on forming district-metered areas (CRd)sub-DMAs
in pressure zones by isolation of the network. Leaking spots in thenketre
localised by step testing within the DMA. With leak noise Brggeaking spots are
localized with an increased accuracy and finally pinpointed by groucchphiones.
Minimum night flows are observed from the SCADA system be&oré after the
repairs of the leaks to calculate physical water loss p&ge in the DMA. Monthly
non-revenue water percentage is calculated using the dataembfabm SCADA

and CIS. With a buffer analysis on the water distribution netwokk, da¢ benefit of
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the leak noise loggers is maximized and the working time with gitweind
microphones are minimized. The methodology is applied in two diff@®#As in

Antalya water distribution network with different charactecistiln the first DMA,
only the developed methodology is applied and a decrease of 19.2%egeachm
physical water losses. In the second DMA, pressure reducti@ided to the
methodology and a decrease of 4.9% is achieved.

Keywords: Geographic Information System, Customer Informationte8ys
SCADA, water leakage, minimum night flow, district metkrarea, leak noise

logger, ground microphone, pressure management, Antalya.
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B LG TEKNOLOJ LER KULLANILARAK SU EBEKES NDEK
KAYIPLARIN BULUNMASINA YONEL K METODOLOJ
GEL T R LMES : B R UYGULAMA

Bekta, Hayrettin Onur
Yiksek Lisans, Jeodezi ve Qafi Bilgi Teknolojileri Bolimii
Tez Yoneticisi: Dog. Dr. Nuri Merzi

Ortak Tez Yoneticisi: Dog. Dr. Zuhal Akyirek

Aral k 2010, 175 sayfa

Bu ¢al ma, bir icme suyu dat m ebekesindeki fiziksel kay plar bulmak tzere bir
yontem gelitiriimesini hedeflemektedir. S6z konusu cala U¢ ayr bilgi
teknolojisinin butunlemi  bir ekilde kullan m n igcermektedir. Bu teknolojiler,
SCADA, Abone Bilgi Sistemi (ABS) ve Caoafi Bilgi Sistemidir (CBS). Yontem
temel olarak, icme suywebekelerindeki bas n¢ boélgelerinde izole 6lgiim bolgeleri ve
bu dlgum bolgelerinin icinde daha kuguk, gegici alt boélgelerin tofulmas na
dayanmaktad r. Olas fiziksel kacak noktalar Once alt bolgelgegelacak ad m
deneyleri ile belli alanlara s krlmakta, daha sonra gurulti kaydedici cihazlar
yard myla bu alanlar iyice daraltlmaktadr. Son olarak yeikrofonlar ile
kacaklar n noktasal yerlerinin saptanmas yap | p, ar zalar lareltad r. SCADA
sisteminden gunlik en dik gece debisindeki di ler gozlenmekte ve onar lan

vi



ar zalar n debileri 6lgilmuolmaktad r. Minimum gece debileri yard m yla fiziksel
kay p oranlar bulunmakta, SCADA ve ABS sistemlerinin ayl k akagak t r Imas

ile de tahakkuk oranlar takip edilmektedir. Ayr ca gurilti kaydéstici daha etkili
kullan m ve yer mikrofonu ile dinlemenin en aza indiriimesinig€BS verileri
uzerinde tampon bolgeler oturulmaktad r. Onerilen yontem, Antalya icme suyu
da tm ebekesindeki de ik Ozellikteki iki 6lcim bdlgesinde saha cahas ile
uygulanm tr. |k uygulamada yalnzca Onerilen yontem ile fiziksel su kay p
oran nda %19.2’lik bir diii go6zlenmitir. kinci uygulamada ©nerilen yéntem
bas n¢ diirme yontemiyle desteklenmive bu cal mada da fiziksel su kay p
oranlar nda %4.9’'luk bir diii elde edilmitir.

Anahtar Sozcukler: Caafi Bilgi Sistemleri, Abone Bilgi Sistemleri, SCADAsu
kay plar, minimum gece ak m, Olgim bdlgesi, gurilti kaydedjier, mikrofonu,

bas n¢ yonetimi, Antalya.
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To the beautiful and sunny days ahead,
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CHAPTER 1

INTRODUCTION

1.1. General

World population increased considerably in the tasttury. According to the United Nations
Population Fund, world population will reach 7 ioifl people in the year 2012. According to present
estimate, 6.8 billion people are living on the bgk/eb 8). With the increasing population, demand t
sound infrastructure services increased enormoimsdynestic and industrial demand for electricity,
natural gas, telecommunication (including high-shiegernet) and potable water are the most widely

used infrastructure services.

Potable water resources all around the world becextiga important with the increasing
usage. Having limited supplies of this valuableotese, the water authorities are forced to focus on

the physical water losses.

Although water loss detection studies go back up30 years from now, in the last years
detection studies became much more effective vighitnproved acoustic and electronic devices. In
spite of that, cities grew and became more comglitavith all kinds of infrastructure including wate

distribution networks.

Jones (2006) draws attention to highly developa#l etection technology. Jones also states
the importance of easily monitoring and detectieaks before they come above the surface. By early
recognition of leaks, pumping additional water wmpensate for leaks is prevented. In addition,
damages caused by undetected leaks (paving, skleasts, etc.) are minimized.

From the information technologies (IT) point of wie Geographic Information Systems
(GIS) combined with various IT elements broadergstibrizons of leak detection studies. Summers
(2001) emphasizes the importance of automated mei@ding combined with GIS and says;

“Automated meter-reading (AMR) using GIS technolagyables real-time monitoring of water use
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and a degree of trouble management were not bpémsble”.

Another subject Summers (2001) states is quickhpginting leaks on water mains with GIS
based water readings. Also according to him, lagateaks quickly will instantaneously save time,

labor, resource and money.

Another aspect on importance of leak detectionatewquality aspect. Hunaidi et.al. (2000)
emphasizes the risk of leaky pipes in public heg#k point of view, as contaminants can enter the
pressurized system in any case of water shortageessure drop.

1.2. Objective and Scope

The objective of this thesis is to develop a methogly for finding water leakages in water
distribution networks using information technolagyi@he methodology is developed by integrating
the data obtained from geographic information swste(GIS), supervisory control and data
acquisition systems (SCADA) and customer informatsystems (CIS). In order to find the leaks
district metered areas (DMA) are formed on GlSeysand they are verified on the field. In addition,
several acoustic and electronic leak detectioncgsvare used on the field to locate and pinpoinemwa

leakages.

Novelty of this study is using CIS data for thecceédition of physical water loss and revenue
loss amounts. Collecting and integrating custonmmdorination data with GIS is a very recent

development in Turkey in some pilot areas only.

The study consists of eight chapters. In the secbiagiter, some basic concepts about water
distribution network elements and theoretical epuat of hydraulic solutions are given. In the third
chapter, concepts about modelling of the wateridigion networks are explained. In the fourth
chapter basic knowledge about the water loss casicape explained. In the fifth chapter,
methodology that is developed in the thesis isarpHd. As applications of the methodology, chapter
six contains two case studies that were conductedintalya water distribution network that have
different characteristics in most aspects. In atrapéven, discussions of the results are giverllgin

in chapter eight, some conclusions and suggestimristure studies are stated.



CHAPTER 2

THEORETICAL CONSIDERATIONS

2.1. Elements of Water Distribution Networks

2.1.1. Pipes

The major elements of all water distribution netkgoare pipes. They are major carrier
elements in the network in which water is transmitfrom one place to another. Pipes are produced

by using different materials and in different sizes

Various materials are used in the production stafgspes. Prestressed concrete, asbestos
cement, cast iron, ductile iron, steel, high-dgngalyethylene (HDPE) and polyvinyl chloride (PVC)
can be given as major pipe materials. Some magdii@ asbestos cement and cast iron are not used
widely nowadays, on the other hand ductile iron &MIPE pipes are often used in many places

especially in water distribution networks.

Pipes of diameters varying from 19mm to 2200mmpaiceluced by using different types of

materials. Larger diameters can also be produced special requests.
Pipes are mainly used for three distribution puegos
Transmission Lines
Distribution Lines
Customer Service Connections

Transmission lines are the major carrier pipes betwthe source and the distribution
network. Usually they are the pipes between so(pcenp stations) and storage tanks. At various
points, connections to the distribution networke ptaced in order to feed the network properly.

Larger diameter pipes are used in transmissios lboenpared to distribution lines, and their materia
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are usually prestressed concrete, steel, HDPE actdediron.

Distribution lines are the pipes that distribute thater coming from transmission lines to the
streets of the network. These pipes are used tsrivia water to the consumers with the help of

customer service pipes. Mostly steel, ductile itdBPE or PVC is preferred in distribution pipes.

Service connections are the pipes delivering whtean the street pipes to the customer.
After the service connection pipes, interior pipethe building distribute water to different custers
and deliver water to the taps. Mainly HDPE is uiseskervice connection pipes.

2.1.2. Pumps

Pumps are devices converting electrical energy ingzhanical energy for moving water
volumes by increasing their potential energy. Tdngrgy is used to overcome friction losses in the

pipes and raise the water to topographically higloénts.

Pumps are selected carefully depending on variagtofs in the network, such as

topography, water demand of the consumers, effigieaquirements, etc.

2.1.3. Valves

Valves are the elements used to control water flowhe distribution network. Controlling
water flow can be done by blocking flow, directiihgw from one path to another path in the network,

increasing or decreasing the amount of flow ingipes, etc.

There are many types of valves used for many diffepurposes. The exact locations of the
valves on the network are extremely important fperation purposes. The types and places of the

valves should be known precisely in order to makeect operational decisions.

2.1.3.1. Isolating Valves

As the name implies, isolation valves are usedpagate a part of the network from the rest.
This action interrupts water flow in the line ancbates a dry part in the network for repair and
maintenance purposes. Generally, gate valves ad s isolation actions. Gate valves are not
intended to control the flow amount in the netwbsk partial closure. They are intended to permit

flow or stop flow by complete opening and closing.

Another usage area of isolation valves is to sepavater distribution networks into separate

pieces without creating water shortages. It is @sfig useful while forming district-metered areas
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(DMA) explained in Chapter 5.

2.1.3.2. Control Valves

Control valves are used to control the amounta#ffin the water distribution network. They
are usually butterfly type valves. By adjusting theterfly valve’s interior mechanism, diameter of

the pipe section can be reduced. This will enatjesaiment of amount of flow in the pipe.

2.1.3.3. Check Valves

Check valves are the type of valves that permitemidow in one direction only and blocks
water flow if an opposite directional flow occufe flow inside the pipe controls this type of \edv
Unlike other valves, it works without any operatibris used widely after pumps in order to prevent

backflow towards the pump.

2.1.3.4. Air Release Valves

Air is to be avoided in a water distribution netkiodt enters to the water distribution
network generally while installation or during ré@paorks. Air Release valves are the fittings that
remove air from the pipes. They are especiallyqaat the highest points in the transmission lines
and distribution pipes as air bubbles accumulatheatop sections of the pipes. Like check valeds,
valves do not require any operator to work.

2.1.3.5. Drain Valves

Drain valves are gate valves one end open to atmeosp(often connected to the sewerage
lines) placed at the lowest points of transmisdinas and distribution networks, for emptying the
pipeline whenever necessary. At the low pointshefgipe, it is possible to empty the pipes thataére

higher elevations. Emptying pipes are useful durggpir works, rehabilitation studies, etc.

2.1.3.6. Pressure Reducing Valves (PRV)

PRVs are used to decrease high inlet pressurdseimatwork. Water passing through the

valve is forced to create friction losses in thésgamechanism. Therefore, pressure is reduced at
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the desired level. Preventing high pressures deeseaater leakages in the network, as the amount of
water flowing through the leaks are directly prdjmral with the pressure in the system. PRVs have

many types. They may only reduce pressure at aanamounts, or adjust the pressure reduction

amount by considering some other parameters likeshaf the day or demand of the consumers in the

network.

2.1.4. Distribution Reservoirs

Distribution reservoirs are the major water souralea water distribution network. They are
usually dams or water treatment plants storingeargumes of water.

2.1.5. Storage Tanks

Storage tanks are water-storing structures to geogktra water to the network when needed.
The needed periods are usually when pumps do nk. v those times, storage tanks work as the
only water sources of the system. Similarly, stertanks help pump flows at peak demand hours. In
addition, storage tanks are useful to overcomespresluctuations in the system and provide an even

pressure distribution. Having a storage tank alsavides excess water for fire demands and
emergency cases.

2.1.6. Fire Hydrants

Fire hydrants are useful fittings placed in the ewadistribution networks mainly for fire
extinguishing purposes. The important property hese fittings is that they are connected to the
network with relatively large diameters when conggbto a house connection. This allows the user to
draw large amounts of water from the hydrant.

Street washing, network flushing, sewer cleanirgsaome more usage areas of fire hydrants.

In addition, while modelling the network, calibiati studies can be performed by using fire hydrants.



CHAPTER 3

MODELLING THE NETWORK

Modelling water distribution systems with the helpcomputer software products became
indispensable in the last years. Modelling studgase for many purposes like designing the network
before construction, and operating the networkréfie construction is completed. For all kinds of
modelling purposes, basic data about the netwoneéled. Needed data consists of pipe layout data
(including pipe characteristics) with all eleme(talves, pumps, tanks, reservoirs, etc.) of theewat

distribution system, consumption data, and topdgaglevations of the network elements.

The reason to create a water distribution modelbmagstated as having a copy of the reality
that lies under the ground, inside computerizediegons. Using the stated data, modelling of a
water distribution system can be done. The impoitsing about modelling data is the quality of the
data. Every piece of data should be representiegehlity in the field accurately. Otherwise, every
error in the source data will introduce bits of @rainties into the model. With a model having too
much uncertainties, means a model that does ncegept the reality at all. That kind of a model can
be useful for theoretical studies, but will not &gpropriate for designing a system or operating an

existing network.

Geographic information systems are one of the msstul tools in water distribution system
modelling. They are useful because in a comprekerSiS used by the designer or by the water
authority, usually all the needed data are includ®ih some data transfers or with the help of some
developed modules, it is easy to generate a wonkindel. Shamsi (2002) defines three methods to
link GIS data with computer models. They are:

1. Interchange Method
2. Interface Method

3. Integration Method



In interchange method, GIS and the model are mied together. Input parameters are
transferred from GIS to the model, they are prosgss the model independently and the output

values are transferred back into the GIS as a ager lfor presentation purposes.

In interface method, model is still executed indefently elsewhere from the GIS, but a pre-
processor for extracting input values and a pastgssor for displaying the results are availablihén
GIS environment. Helping menus or buttons can k#eddnto the GIS environment. It is simply
automation for manual actions stated in interchamgethod. Some knowledge of computer

programming is necessary for this automation.

Integration method is the combination of GIS anel thodel. The combination is provided
both GIS functions and model capabilities. In thisthod, either model is integrated into GIS or vice
versa. However, it is a better choice to integradter distribution capabilities into the GIS softea

as geographic information systems are systemsatbanore inclusive.

3.1. Water Distribution Network Modelling Principles

Shamsi (2005) summarizes hydraulic modelling prodet® three major steps:

1. Development of spatial database
2. Extraction of model layers

3. Linkage to computer models

Development of spatial database is one of the mvaiks done in GIS. Extraction of model
input parameters are done mainly with the data mixmpfeatures of the GIS software solutions.
Computer model links can be developed using onthefthree methods stated in Chapter 3. This

summarization again shows the importance of Gli8addelling issues.

Shamsi (2005) emphasizes three input parameterd insénydraulic models. These are

skeletonized pipe layouts, nodal demands (consyraatsnodal elevations.

3.1.1. Modelling of Pipes

Pipes in a water distribution network are drawnpaper as linear features in the past years.

Those drawings are stored on plain paper or trapayger in archives. Some very old pipes are not

even drawn on paper, staying as mysterious infresire elements that nobody knows enough or

correct information. At these times, modelling sésdrelied on existing projects of the pipes and
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verbal knowledge (if there are any) of the persénne

With the improved technology, paper sourced dat tansferred into CAD or GIS
environment. Additionally, newer projects are prepbas CAD drawings mostly. Therefore accessing

the needed pipe data became easier.

Assuming properly scaled pipe layouts, lengths emerrelations with other pipes can be
obtained. With schematic pipe layouts, either aggions about the length should be done or field
measurements should be done preferably with pigetdo devices.

Additional pipe characteristics are also neededes&hcharacteristics are diameter and
roughness coefficient. Diameter data is usuallyilabke on the layout plans with some margin of
error. However, pipe roughness coefficient is ohéhe most difficult parameters to determine. As
roughness of a pipe is determined by a dozen @bifacincluding pipe material, age, water quality,
etc., some predetermined values for Hazen-Willi@efficient are used for newly installed pipes.
According to the performance of the pipes, seveadibration studies for the roughness coefficient

can be done to determine a realistic value for C.

As GIS layers may contain unnecessary details efpipes (like tees, corners, valves, fire
hydrants, service connections, etc.), simplifiaatie essential before modelling the network. This
process is called skeletonization. By getting ridh® unneeded details in the pipe layout, model-

processing speed is increased incredibly. In aafditinodel results are not affected significantly.

Considering the type of model usage, level of gkeization can be determined. For analysis
requiring only storage tank elevations, modellecs ribt need any house connection pipes and
distribution networks. Transmission lines are efoé modelling. On the other hand, if pressure
changes at every house connection during the dag eratter of concern, then every consumer pipe is
needed for a healthy model.

3.1.2. Modelling of Consumers

Nodal demands indicate the consumption rates iamel per unit time; mostly, litres per
second (I/sec) and meter cubes per hodfhiare used for consumption rates.

Consumers and their consumption values used tepeilk databases or spreadsheets. This
situation did not allow the modeller to use constgrene by one in a complicated model. Instead,
modeller used individual users’ consumption valeEsumulated at one point. As a result,
consumption variations in different customers westclearly seen in the analysis.

However today, some of the municipalities and watdministrations have attempts on
collecting houses as point features using GPS. Widse data collected and combined with the

formerly used consumption databases in GIS enviemimevery customer and corresponding



consumptions can be used as precise modelling tataddition, customer types can be used to

determine demand patterns and time-based analgsdsecpossible.

As data collecting is a cumbersome issue, positptiie customers with GPS and matching
them with correct address information should beedoarefully. One of the most important issues
about consumption modelling is to determine thecexmint of service pipe and network pipe
connection. This knowledge will help modeller taetenine the pressure zone of the consumer, which
in some cases modeller may not be able to deterthineknowledge by positions of consumers and
pipe layouts. It is a common situation at pressamee borders to have two different network pipes

under different pressure zones.

Water losses can be modelled by distributing thethé customer nodes, as their exact spots
are not known. Alternatively, leak spots can bestedted to some part of the network if it is known

that it is a weak part of the network.

3.1.3. Modelling of Nodal Elevations

Determining exact topographic nodal elevationsroégisting water distribution network can
be a difficult job. If pipes are installed at a stant depth from the ground surface, then detengini
ground elevations, then subtracting the depth fgnound elevations will yield the elevations of the
nodes. However, in practice installing the entiedwork at a constant depth is not possible at every
location. Existing infrastructure elements or diffities faced due to stiff soils, depth of the pipe
does not stand constant. If elevation data at enedge are not collected, then it is a difficultktdas
determine the nodal elevations after the instalfatTherefore, usually ground elevations are asdume
as nodal elevations of the network (Shamsi 2008Hi#onally ground elevations are the easiest data

that can be obtained.
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Figure 3.1: Different elevation choices for a hydant (Walski et.al 2003)

Figure 3.1 shows different choices (A, B and C) fuwdelling a hydrant’s elevation. Pipe
depth (Point A) can be considered for modellinge®odut it may be a difficult job to determine the
true depth of the pipe. Ground elevation (PointiB)he easiest measurable elevation for modelling
node elevation; however, it will not represent thee elevation of the physical reality. Hydrant
elevation (Point C) can be easily determined on dtieer hand it will not be so easy to gather

elevations of points on other nodes like corporatiocks, or pipe branching points.

Ground elevations can be determined from clasgieabetic methods, air photography or
with GPS instruments. With the new established dd&ssystem, it became easy to determine
elevations of any ground point very accurately bing a real time kinematic (RTK) compatible GPS
device. At the end, collected elevations of thenfmiare used to generate digital elevation models
(DEM) to interpolate the elevation values of noddest modelling and GIS software products are

capable of assigning elevation values from the&etevation data.

Topographic elevations of a water distribution ratw are important to determine the
hydraulic grade at each node. Hydraulic analysisite will not be meaningful unless all nodes ia th

network are determined.

3.1.4. Modelling of Pumps, Tanks and Reservoirs

Pumps are usually essential elements in a watethdison network. They are modelled as
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point objects. Minimal needed data about pumpstlagg elevations, pump characteristics and inlet

pressures. Without these data, pumps cannot beiusgdraulic analysis.

Tanks are point elements in the model. Base andrvedgvations should be known in order
to include a tank into the model. Additionally, bagrea and shape of the base area are important

issues for the investigation of oscillations in @rdevels in a dynamic analysis.

Reservoirs are modelled as point elements. Danvgater treatment plants providing water
to a network can be modelled as reservoirs. Wdésagon (and the oscillations in that level) in a
reservoir should be known for modelling purposesouBdwater sources can be considered as

distribution reservoirs too.

3.2. Use of GIS in Modelling

3.2.1. Digital Elevation Models

Digital elevation models are the major sourcesafah elevations when a water distribution
system is being modelled. Usually they are produsgdiarious methods of interpolation. Geoid
height data obtained by geodetic techniques gosaidal heights obtained from GPS measurements
are converted to geoid elevations with approptictesformation parameters. After obtaining DEMs,
contour maps are also produced. Contour maps ardsDdE the service area are important for a

water administration for both planning and opeigatipplications.

3.2.2. Digitized Network Maps

Most water distribution networks that are in usevrare installed before accurate mapping
applications were present. As a result, the ag-puodjects (if there are any) were mostly schematic

drawings showing the routes pf pipes and scheniigtiegpresenting places of network fittings.

Geodetic measurements of pipe elevations are regedsa transmission line between a
pump and a storage tank is being constructed; hexvév the distribution network elevation values
are not collected in most old projects. Pipe elewatwere assumed as a constant value below the
ground elevations. However, due to changes in lzse some roads were filled and some of them

were lowered. As a result, depths of network pigssame inconsistent with ground elevations.

As pipe elevations were not given enough importancenetworks, only inaccurately
coordinated or fully schematic x-y layout plans #ire only data source while analyzing the network
for modelling purposes. Digitizing these networkpmdecomes an important task at this stage. This
task should be done either by scanning maps imgpaterized environment and coordinating by the
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help of softwares or by using digitizing tables.gRetlless of the method preferred, pipelines should

be digitized as polylines or lines, and fitting®ghl be digitized as point features.

One last point to consider is very important fas ttask to be completely achieved. That is
the updating the digitized network. An update r&cy needed because; the digitized network maps
will be representing the networks first installmeittiations. Within time, various changes may have
been applied on the network. These changes mag\wdy nstalled pipes and valves, cancelled out
pipes and valves, displaced pipes and so on. Updatich changes on the digitized data will help the
administration to have an up-to-date network daga result modelling an up-to-date network will

represent more realistic values with the field obsgons.

3.2.3. Geodetic GPS Instruments

Nowadays, with the use of Cors-TR system, bothaxg z measurements having centimetre
accuracies can be done with geodetic GPS devicest Mwly installed pipelines and are coordinated
using geodetic GPS instruments. When coordinatipglipes, points on straight sections are not
usually considered. Only points at nodes that agleanccurring between pipes are coordinated.
Finally, when these points are combined with limepolylines, a linear feature representing the

pipeline is obtained.

Coordinating pipe fittings is easier as only poddta is collected from the field. The
important thing is to collect point data alwaysnfrthe same place on every type of fittings (i.enfr
the top point of the valve shaft) in order to c#dée the elevation of pipe’s internal elevation whe

necessary.

Coordinating pipelines and fittings is very helpfat exploring an old portion of networks.
Pipelines are digitized as explained in Section23.then by coordinating pipe fittings will help to
transform the schematic drawings into better cowigid network layouts. Also, when pipe fittings are
coordinated using geodetic GPS devices, they aib/daund in case they are lost under asphalt some
day. As geodetic GPS devices give centimetre acgurainimum excavation and searching will be

done on the field, and fittings will be easily faln

As a result, a network having very realistic conadés will be obtained. It will be very
useful, when accurate network layouts are ovedaica digital elevation model. Pipe elevations will
then be available to the designer and analyzer makimum accuracy. Therefore, modelling results
will be more realistic and nearer to the field ala&ons. High accuracies in x-y are useful in
overlaying applications and high accuracies inlmesmay be very useful when calibrating the water

distribution network, which considers head lossigalas little as a few decimetres.
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3.3.  Use of SCADA System

Supervisory control and data acquisition (SCADAS$tens are very useful tools for every
kind of analysis in a water distribution network. $pecial, SCADA systems can be used to gather
input parameters in a hydraulic analysis. SCADAtays in water distribution networks are used

mainly in:

Pump stations; measuring discharges, inlet an@topitessures.
Storage tanks measuring water levels.

Any critical point defined by the authority measigidischarge and pressure.

Pump station and storage tank measurements caseleta determine daily demand curves
of a region. Additionally, if measuring points gokaced at the entrances of district-metered areas
(DMA), instantaneous consumption in the area issuesd directly. With the obtained consumption

values of the region, demands at the nodes caastimeated.

Having a SCADA system has numerous advantages. drbem is having continuous
measurements and recording them. Accessing thericat data enables the operator to see changes in

the network and take actions according to them.

In addition, as measurements are continuously dechrmonthly (or yearly) water budgets
can be derived. Combining SCADA data with the corpinformation system (CIS), opens the way
of calculating revenue water, non-revenue watervaaigr losses. These topics are studied with more

detail in Chapter 4.

3.4. Use of Customer Information System

Customer Information Systems (CIS) can be a veejulslata source in water distribution
system modelling. The major data that will be aiddi from CIS is the (generally monthly)
consumptions of the customers. Besides keepingréieerd of consumptions, in CIS various
information about the customers can be kept tomeSexamples for these records can be address
information, identification information about thestomer (name, surname, telephone number, e-mail
address, etc.), customer id number, pressure Zothe customer, information about the water meter,

etc.

Monthly consumption values can be jointly used W88ADA measurement records to

calculate water losses as stated above. The signifthing to consider for each customer in thei€IS
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to clearly determine which customer is connectedvtoch pressure zone. If this knowledge is
obtained exactly, water loss amounts in the intetesegion can be determined for sure. Chapter 4

gives detailed information about these topics.
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CHAPTER 4

WATER LOSS CONCEPT BASICS

Water loss concept is a sophisticated concept amdaims many components. These
components should be clearly understood in ordéake action on the major title. Before gettingint
the components, it is a necessity to see the fioluge. International Water Association (IWA)
prepared an international standard approach fordatal water balance calculations. This standard

approach can be seen in Table 4.1.

Table 4.1 explains the total input volume of wagstering into the network and by dividing
it into smaller components and placing the comptseto different categories. Each component and

category has individual physical meanings. Theyeaqgdained with examples in Section 4.1.

Usually in water administrations, different depaetits deal with the basic components of the
water audit. For example, all consumption valueg (& G) can be collected by the customers
department, while leakage terms, b L¢) are calculated by the water loss department. thegsized
consumption issues can be solved with the helpspgfeztialized department, while input volumes can
be measured by the SCADA department. With suchdmirdstrative structure, it may be hard to
collect the whole data together and complete thiemzudit table. Therefore, a shared databaseean b

made available to all the departments in the adination to make the data transmission easier.
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Table 4.1 IWA Standard Water Balance (Web 5)

System Input
Volume

(corrected for
known errors)

M

Authorized
Consumption

Billed Authorized Consumptio

[C2)

—

Billed Metered ConsumptiofC 4]

Billed Unmetered Consumptid@s]

Revenue Water

[RW]

[C4]

Unbilled Authorized
Consumption

[C4]

Unbilled Metered Consumptid€e]

Unbilled Unmetered Consumpti¢@-]

Apparent Losses
(Commercial Losses)

Unauthorized Consumptidicg]

Water Losseq

[La]

[La] Customer Metering Inaccuracigs
Leakage on Transmission and/or Distribution Mding
Real Losses -
Leakage and Overflows at Utility's Storage Tafikg
(L]

Leakage on Service Connections up to Point of Gusto
Metering[L ¢]

Non-Revenue Wate

INRW]

=



4.1. Definitions

System Input Volume: This is the total volume dafatted water introduced to the system.

Here, system is part of the network, which the watdance in Table 4.1 is being calculated. Input
volume should contain imported volume of waterhiére is any. The amount should be corrected for
known errors. The volume at this stage is the sdinallocomponents of the water audit. When

calculated or measured precisely the componentddghad up to System Input Volume. It is denoted

by “V” and is composed of the terms Authorized Qangtion (G) and Water Losses (L

V=C+l, (4.1)

Authorized Consumption: It is the total volume dfldd and unbilled water taken by

registered customers. Billed and unbilled water rhayeither metered or unmetered. If there is any
water exported, it should be included in this tetmaddition, leaks after the customer meters are
added to this term. It is denoted by &d composed of the terms Billed Authorized Constion

(C,) and Unbilled Authorized Consumption4C

C,=C,+C, (4.2)

Water Losses: These are the total amount of Appdtghand Real Losses §). They sum

up a large part of Non Revenue Water volume.

L=L,+L, 4.3)

Billed Authorized Consumption: It is the sum of banetered (¢) and unmetered (¢

consumptions. These two components are the omystércluded in revenue water. Therefore, Billed

Authorized Consumption is the only term that théewvadministrations can generate income.

C,=C,+C, (4.4)

Unbilled Authorized Consumption: It is the authedzconsumption of customers, to whom a

privilege is given by the water administration. Jlee included in Non Revenue Water amount as no
billing is made for their consumptions. This typgleconsumption may be meteredsJ©r unmetered
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(C).

C,=C, +C, (4.5)

Apparent Losses: They consist of unauthorized copsions (G) and water meter
inaccuracies (l). They are referred as water lobsghey are not actual water losses that leave ou
the system. They are also called as commerciak$psshich indicate that the actual lost thing is
money. Apparent losses are impossible to avoid ¢etely, but with convenient methods, they can be

minimized.

L,=Cg +1 (4.6)

Real Losses: These are the major topics of interethis study. They are the amount of
water that somehow leaves out the system by leaksozerflows before the points of customer
meters. This term can be separated into three tefrheakage on Transmission and/or Distribution
Mains (L;), Leakage and Overflows at Utility's Storage Tanlts) and Leakage on Service
Connections up to Customer Metersg)(LThis term cannot be avoided completely but with

appropriate methods, it can be decreased in higluats.

L=L,+L +L, 4.7)

Billed Metered Consumption (E It is the major term in revenue water. It cotsisf mainly

customers whose consumptions are being meteredided. Residential users, commercial users,

factories can be given as examples to this category

Billed Unmetered Consumption £ It is the term, in which a billing action is deto the

consumers but that action is not done dependingetering values. It means customers are not billed
by volume, instead an approximation is done tocthresumptions they are making and billing is done
according to that approximation. An example mayltling to a customer, whose water meter is not

functioning for a short time. Then an estimate loardone for this period’s consumption.

Unbilled Metered Consumption {€ This type of consumption is metered but notelill
Examples may be given to the water usage of watenrastration itself or water supplied to some
institutions without any billing (schools, religisdacilities etc.). To be able to keep a recordé¢he
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amounts are metered.

Unbilled Unmetered Consumption ACNeither metered nor billed consumptions arehis t

category. Examples are usually water drawn from fiydrants by the fire authority, public garden
watering, water used in street cleaning, water usegtwork flushing and discharging water from the
network in a repair work. These sub terms can aesferred to unbilled metered consumption by
using appropriate water meters while using water.

Unauthorized Consumption £ It is the illegal usage of water in anywheredny means
from the distribution pipes or by deactivating thater meter by any methods to decrease the metered
usages. As this action is illegal, water admintgires apply fines to people doing unauthorized
consumption. The amount of this consumption is nadly not metered. It is approximately
determined.

Customer Metering Inaccuracies (l): They are defias both meter reading errors and errors

due to the type of the water meters. Water metading errors can be explained by rounding a
decimal metered value to the nearest integer vialoeder to bill the customer (i.e. rounding 3.2 tm

3 nt). Water meters of type B are widely being usedweler, this type (and its similar types) does
not meter very low amounts of use. As a resulty Vite usages (like water dribbling from the taps
will not be metered with low accuracy meters. TYpend better accuracy water meters should be

used to decrease the amount of water includedsreim.

Leakage on Transmission and/or Distribution Maing:(Any type of leakage that occurs on

transmission mains or distribution mains is thisdkiEither they are repaired, or they keep on tegki

until they are discovered.

Leakage and Overflows at Utility's Storage Tankg:(Leakage occurring at storage tanks

can be avoided by water insulation methods usedtarctural elements. Overflows are possible
outcomes of a bad management of storage tanks. déeye avoided using by automated systems
like SCADA.

Leakage on Service Connections up to Point of @GustdMetering (k): Leakages occurring

on service connections are one of the major sowtester leaks. As they occur before the customer

meter, water leaving the system is wasted withettirgg any revenue.
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Revenue Water (RW): Revenue water is the total wopsions of water that produce

revenue to the water administration. Naturally, adstrations would be pleased to increase the
revenue water amounts. It can be made possiblediycing the terms that are listed in non-revenue
water in any amount. As the total supplied wateoant is the sum of revenue and non-revenue water

amounts, decreasing one term increases the otbexcHieve an increase in revenue water:

All types of unbilled consumptions should be billed
lllegal usages should be prevented
Precise water meters should be used

Water losses should be prevented.

RW=C, =V - NRW (4.8)

Non-Revenue Water (NRW): Non-revenue water is tha sf all terms except £and G.

This sum may constitute a large part of the totakew supplied. Non-revenue water should be
decreased as much as possible. It may be achigvdddoeasing all the terms it includes one by one.

Its main disadvantages are:

Providing no revenue to the administration

Wasting valuable amounts of water in some terms

NRW=C, + L, “9)

Before beginning a study on the field, some measergs should be collected to have an
idea about the properties of water usage of theésted region. Flow and pressure measurements are
the basic parameters of the water loss studiessiizry flows at the entrance of an isolated region

provides daily demand curves of the region.

Daily demand curves are very basic and useful graipat are drawn with the data obtained
from isolated areas in field. Briefly, the dailyrdand curves are graphs showing the variationim fl
with respect to time. Examining these graphs coggait least one day, reveals the water usage of the
interested area. In Figure 4.1, a sample daily deimzurve is given with its components. The
components are described below. Apart from watagecharacteristics, minimum nightly flows are
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observed in daily demand curves. This parametemis of the basic parameters that indicate the

amount of water leaks.

Typical 24 hour DMA Flow Profile

Varying customer use

Burst leakage

Minimum flow Leakage Background leakage

Time (Hr)

0 2 4 6 8 10 12 14 16 18 20 22 24

Figure 4.1 Typical Daily Demand Curve and Its Compaents (Web 7)

Minimum flow is the amount of discharge that eatép an isolated water distribution
network (i.e. a DMA), at night hours (usually beeme02:00 and 04:00). This value is an important
value as it is the closest value to the physicss lmount of that network. As minimum night flow is
the closest value to the physical water loss amawstally these two values are assumed the same.
When bursts or increases in background leakager dncthe network, minimum night flow level
increases too. An ultimate minimum level shouldréached at any region, and this level should be
conserved by checking if there is an increasehdfd is a big increment in the minimum night flow
level, leak detection studies should be perfornzecetiuce the level to its original value. In Figur

4.2 a sample for minimum night flows and burst effeare given.

Background Leakage: Background leakages can beedkfis unavoidable small losses that

are impossible to detect with today's technologyaocfive leakage detection techniques. Today's
technology mostly depends on acoustic detectiorfloso rates of a very small leakage makes very
little sound. Background leaks are very little sEggs through any part of the network. They are
discovered either by chance or after some time vithey are big enough to be detected.

The amount of background leakages is directly priogmal with the pressure. Therefore, to
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minimize the background leakages, pressure redutgithniques may be useful.

Bursts: Bursts are leakages that are bigger thekgbaund leakages, which can be detected
with active leakage detection techniques. Burstailshbe effectively detected and fixed as quicldy a

possible as the discharge that is lost throughetbeents are greater than background leakages.

Bursts are usually reported by the customers i&ranful situation occurs, but bursts that is
not harmful to any customer is not reported, asekstence is not known yet. Active leakage
detection techniques are aimed to find and fixithests that nobody is aware of.

Typical Minimum Night Flow into a DMA

Occurance of large burst & repair

Gradual increase in

Bursts repaired
burst leakage \

\ .

(NN

Customer night use assumed constant with time

___________________ <___________________________________________________.

Background leakage assumed constant with time at current pressure

0 20 40 60 80 100 120 140 160 180
Time in Days

Figure 4.2 Typical Minimum Night Flow Changes withTime (Web 7)

Leak Duration: Leak duration is the time that padsetween the occurrence of a leak and
repairing of it. The duration can be divided intoele components. They are; awareness duration,
locating duration and repair duration. Any leak pe®n flowing throughout these three durations
until it is fixed. These are awareness duratiopatimg duration and repair duration. To minimize th

losses, minimum time should be spent on these thuesions.

Awareness duration starts from the occurrence eidhk and lasts until the leak’s existence
is understood. If Active Leak Control (ALC) is bgirapplied, this duration also includes locating
duration. |IF Passive Leak Control (PLC) is beinglegu, then awareness duration is the duration
starting from leak occurrence and ending with tkeeorting of it to the water administration.
Awareness duration may differ from a few hours tiewa years. If the leak is big, visible above the

ground and effects the customers directly, itsterise will quickly be known. However, if the leak i
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small, hidden underground and does not affect aisyomers directly, its existence can be unknown

for a long time.

Locating duration is the duration of pinpointingtleak spot using the leak detection tools.
The duration is usually short in PLC type of apptodt does not exceed a few days usually. In ALC
type of approach the locating duration is includedwareness duration as mentioned. This is because

when a leak’s existence is known with ALC, it is@located in the field.

Repair duration is the duration that passes whieléak is being fixed. With enough repair

teams, this duration rarely exceeds one day.

4.2. Sources of Leakage

Leaks in a water distribution system can be categdrunder many headings. At the end,

every classification defines a part of the phys$ycaisted water amount.

Here, leak sources are classified under two maadings. First one can be named as losses
at the water sources, and second one can be nasrledsas at the distribution elements. All of the
categorized elements have a different share ototabamount of leakage. Regardless of the share of
leak amounts, every leakage should be investigateldminimized as quickly as possible. However,
the shares of different leak sources should be kniovorder to determine which source has a bigger

percentage and which source should be treated piyma

4.2.1. Leaks Occurring at the Sources

Untreated water obtained from any kind of sourcelétivered to the treatment plant by
means of trunk mains. These big diameter pipesycaater on long pipelines without branching.
Trunk mains are usually made of prestressed canaresteel pipes. Leaks occurring in these pipes
constitute a small amount of the total leaks whempgared to the total amount in the water
distribution system. Whenever big leaks occur i@ thunk mains, their effects may be observed in
measuring points or SCADA stations as sudden deesem discharge and pressure. Also big leaks
can be observed as flooding of the pipeline rouitl whe help of surveillance camera systems.
Concrete pipes can be affected from aggressiverwsatd aggressive soils, which cause internal and
external corrosion resulting in cracks. Additiogadiathodic protection for steel pipes is necessary

prevent corrosion.

Another type of water loss is the loss occurringha water treatment plants. Some amount
of water is inevitably lost during the treatmenbgess however; it may be reduced by using more

developed treatment actions. Butler (2000) states 2 % to 7 % water can be lost during the
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treatment process.

Water storage tanks in the water distribution systan be considered as sources. Losses that
occur in storage tanks can be water leaks throbghwialls or spilling of water due to overflows.
Leaks in the walls of storage tanks can be elimrsithdty constructing strong structures having water
isolation. Also during regular cleaning studiespérmeability of the walls should be checked by
standard tests. Spilling of water can be prevebtedonitoring water levels from SCADA systems.
Number of working pumps can be decreased or shuhadompletely according to the water levels in

the storage tanks.

4.2.2. Leaks Occurring in the Network Elements

Leaks inside a water distribution system occursenwor different elements of the system. As
there are many different types of materials andhmanger pipes in total are connected to each pther
a greater risk of making errors is valid inside dhistribution system. Every singular pipe, everiyijo
between pipes, every service lines connected tonéteork and every fitting in the network is a

potential point for water leaks.

Pipes in the distribution network can be examingdransmission mains, distribution lines
and service pipes. These pipes serving each aetfitfpurpose are connected to each other according
to a predefined project. In general, in transmisgioes prestressed concrete, ductile iron, ste®
pipes are used. When distribution networks are idensd, generally ductile iron, steel, asbestos
cement, PE or PVC pipes are preferred. For seodomections to the customers, usually galvanized
iron or PE pipes are used. With such a variety afemals, high quality joint pieces should be ued
making connections between them. Workmanship ishenamportant issue. Good workmanship has

to be combined with good quality of materials iderto obtain a leak-free water distribution system

Rubber gaskets are inevitable pieces between epgny and fittings. When installed
properly, they guarantee a non-leaking connectiefiéen the pieces. Also during construction of
any type of pipe, bedding and backfilling materisttould meet the required standards in order not to

harm the pipes as they are going to stay burie@uneavy loads for many years.

Pipe joint elements such as tees and elbows aia alganents similar to pipes. Only their
job in the system is different. They should be afistl with good quality material and good
workmanship. Concrete thrust blocks are effectind eheap solutions for joint pieces to keep their

positions with pressurized water in them.

Fittings in the water distribution networks areeatlsources for leaks. These fittings include
mainly stop taps, fire hydrants and valves. Regulaintenance should be performed on every fitting,

and they have to be renewed whenever they are fieakthg.
Stop taps are pieces mounted at the end of deagipas. They should be installed tightly
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always using rubber gaskets. If a flanged pip@isitlered, bolts and nuts have to be tightly ifestal
if a pipe with sockets (such as ductile iron pigeg)sed, then concrete thrust blocks should be tse

ensure the plugs are connected to the system apdsd-tight.

Fire hydrants can be a source for leaks as theyharenost suitable pieces that are open to
external interferences. They have to be proteatawh unauthorized people, traffic accidents etc. To
prevent unauthorized use, hydrants should be kgiptiyt shut and a valve should be present on the
pipe connecting the hydrant to the network. By s/, without opening two consecutive valves, fire

hydrants will not work.

Valves are important fittings in a water distrilmtisystem, enabling control over the pipes.
They have to be regularly checked and kept readusage at all times. Every installation standards
mentioned above are valid for valves. Valves shaowtdonly be leaking water outside the system but
also they should not be working against the opesaotions. When a valve is completely closed, it
should not let any water passing through itselfniirly, when a valve is completely open, it should
work as a section of regular pipe, without having affect on the flow. Therefore, valve status twas
be known for each valve (whether they are fullymgpfelly closed or partially open). Periodic valve
operations (opening and closing) may be helpfubetermining faulty valves, but it may not be an
economic decision to replace every faulty valvewdeer, critical valves, such as valves at pressure
zone borders and district metered area (DMA) bardahould be kept in perfectly working

conditions.

4.3. Factors Affecting Leakage

Leaks occurring in a water distribution system nba@ycaused by internal factors from the
network itself or external factors from the enviment. Under this section various factors will be
studied such as pressure, hole size, leak durgtipe,material, aging of pipes, workmanship, networ
design, soil types and water quality.

4.3.1. Pressure

Pressure is one of the most important factors dlfffect leakage. It is the governing factor
affecting rate of leaks with hole size. If pressimrghe system is high, then leaks are flowing more
Therefore, to decrease leak rates, the first thingt water administrations think is to decreaséesys
pressures. However, decreasing pressures heayigndeon the topography of the water supply area.
Then, pressure reduction will be restricted up p@adicular value. Critical points in the networkch
as points at the highest elevations or placesusathigh amount of water with some minimum inlet

pressure will define the restriction of pressurerdase. However, in places that do not have steep
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topographic differences, big decreases in presamée made. By only that way amount of water lost
through leaks will decrease significantly. Caseligtsl in Chapter 6 gives detailed information and

examples about effects of pressure reduction oeneaks.

Sudden increases in pressure can also be considsredfactor affecting leakage. Most
sudden increases in pressures are caused fronetrtaesents. Sudden opening or closing of valves,
quick filling of the empty network after repair wkar can be harmful to the system and can increase

leaks in the network.

4.3.2. Hole Size

Naturally, bigger holes cause higher leak amouBig. hole sizes combined with high
pressure cause the most leaks. However, smaller dinéd leaks cause more frictional loss while
water is flowing out, so they are better recognizgdcoustic devices and located easier.

Hole sizes occurring in the pipes get bigger thtotigne depending on parameters like
pressure and pipe material. So when a very smédl isayenerated in the system, it gets bigger with

time causing more amount of water to be wasted.

Another thing in the hole sizes is that they aré necessarily regular shaped holes.
Discovering irregular shaped holes in the pipes esastimation of loss amounts harder. Using

approximate values for loss amount estimation eamhbde.

4.3.3. Leak Duration

Leak duration covering all the time that the leakflowing is an important factor. Leaks
discovered early causes small harms, but leaksovksed after many months or years from its

occurrence cause water loss and increases whelénsime, which will cause more loss.

4.3.4. Pipe Material

Every pipe material has its own advantages andidisdages. Their leak-effecting factor is

also different from one material to another.

Asbestos cement pipes can be considered as old aigkethey have been or being replaced
with modern materials nowadays. However, in somgmaistribution systems, they are still present
in some networks. As asbestos cement is a vetyebmitaterial, pipes made from it are open to cracks
Cracks in asbestos cement can be repaired withra@lpair clamps quickly. However, usage of such
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hardware fixes the problem temporarily. That fiy@int remains as a weak spot on the network. For

a permanent solution, the entire asbestos cemeeline should be replaced with a better material.

Prestressed concrete pipes carry similar materi@gbepties; however, they are stronger to
cracks than asbestos cement as they include rearfemt bars inside. These kinds of pipes may
suffer from sulfate attack caused due to sulfatewarhin the water. Within time, these pipes will be

corroded from inside and outside it they are notgmted enough from outer effects.

Steel pipes have a very wide range from the tiniéeteter to the largest diameter. Their
main weak point for leaks is the absence of cathpdotection. If appropriate cathodic protection is
not applied to the steel pipes, as they are beisglied, they are going to be corroded quickly and
formation of holes will be inevitable. Additionallyelding workmanship can create weak spots and

affect leaks in the future.

Galvanized iron pipes can also be considered aspigds and they are very open to
formation of holes. The galvanized protection dpestect the pipe from external corrosion to some
degree. Moreover, after the protection is over, laolg or crack formed on the pipe will quickly get

worse with time.

PVC pipes are cheap pipes for water distributiceh ibey are very easy to install. In addition,
they are durable to corrosion. However, they aralneggainst any external force. So they are easily

damaged with excavation machinery. Cracks areyefsined in PVC pipes causing leakage.

PE pipes are used in a very wide range of diaméteis very wide range of purposes. These
pipes are again durable to corrosion but they nae lweak spots on “push fit” connections to other
pipes. With cheap material and workmanship, ieigain to have leaking spots in PE pipes.

Ductile iron pipes are very popular pipeline matksriin varying diameters. When installed
correctly, they are durable to internal corrosiathveement lining inside and external corrosionhwit
the coating. They are easy to install but beconpeesive on very large diameters. Whenever they are
not installed according to the standards defindgy tbecome weak and can leak from pipe
connections or fitting spots. Therefore, as vatiddvery type of pipe, high quality workmanship and

material should be essential.

4.3.5. Aging of Pipes

As water distribution systems are designed acogrtlb projected population’s usages for
tens of years from the construction date, instajpgoks are going to get older and deteriorate.

Therefore, it can be generalized that older pipag cause more leaks than new pipes.

Stronger pipe materials can be preferred for diitalsigainst time. PE pipes and ductile iron

pipes are being preferred for high durability tmei effects as long as they are installed with prope
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workmanship.

To decrease the effects of aging, renewing of ttigipes, broken valves and other elements

should be scheduled. Every year a percentage wbrletenewal should be programmed.

4.3.6. Workmanship

As stated before, workmanship and material quality complementary roles when leaks are
considered. Good workmanship and high quality neteshould be combined to prevent leakages.
At the absence of any of the two, weak spots inrbevork are probably generated. For good
workmanship, skilled workers and apprentices shbel@mployed. Apart from skills, workers should

have a good technical knowledge about the repaiksvo

Workmanship is also crucial when new pipes are dhéistalled. If good workmanship is
applied, problems at the beginning of the instatitreze minimized, leaving less problems to future.
Additionally, pipe transporting to site, stackiigying the pipes, bedding with appropriate material
and backfilling all depend on good workers. As aute water administrations should not employ

cheap and inexperienced workers at any stage @frwadrks.

4.3.7. Network Design

Water distribution networks are designed beforestroiction and construction drawings are
generated generally in 1/1000 scale. During constm, these drawings usually cannot be applied on
the field completely. According to constructionfiitities faced in the field, some changes in the
original drawings are made and as built drawingsdrawn which represents the actual constructions
made. During this process, original network desggnhanged, and in the constructed system, there
might be critical points in terms of leakage, whéare not present in the original design. For exampl
if looping network is changed into branching netiyasome high pressure points can be generated

resulting in more leaks.

Another thing concerning the network design is tihating construction stage, all different
infrastructure elements (telecommunication, eleityi natural gas, fiber optics, drinking water,
wastewater, rainwater, etc.) should be installeifeg a distance (in both horizontal and vertical)
between them. By this way when excavating for amyppse water pipes are less damaged. However,
if different infrastructure elements are installet very close distances to each other, it will be
inevitable to harm the lines during excavation. &nfnately, it is a fact that relatively new
infrastructure elements can be laid just on topthef previously laid infrastructure systems. For
example, natural gas pipelines can be just on fopastewater lines or drinking water lines. This is
because, during very first installments in suchaesr, ground is excavated and backfilled with soft
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material. Other firms working at the same routefearéo excavate the exact same location with the
previous pipeline in order not to excavate hard aod lay down the pipes quicker. This can be

considered as a cheap workmanship example as well.

Plastic marker tapes laid along the pipe are widshd in the field that warns the excavator
before reaching to the pipe. Additionally Butlel0®) suggests using metallic strips inside these
markers for locating plastic pipes using utilitycédors. When water pipes are located with good

accuracy (both position and depth), less leaksaeitiur during excavation for pipelines.

4.3.8. Soil Types

Soil types are also important factors when leakpipes are considered. Aggressive soil
types can cause external corrosion to pipes. Assaltt holes, cracks and various other types of
damages can occur. During planning phase, detaddsurveys should be conducted to have the
knowledge about the soil types in the region. Tappropriate pipe materials and backfill materials
can be defined to satisfy a strong water distrdrusystem having minimum amount of leaks caused

by soil effects.

4.3.9. Water Quality

Quality of water inside the distribution networknche a pipe-weakening factor. Various
materials in the water can cause internal corrogianetallic pipes. In addition, on dead end pipesdi
water can remain still due to low consumption. liels cases, water quality drops considerably, and
rusting of metallic pipes can be accelerated. Tevgnt these kinds of water quality issues, periodic
flushing activities should be performed in the nat

4.4. Controlling Water Leakages

Leak management is considered as a long-term stdlgwide. It is not a process done a
few times throughout the lifetime of a water distiion network. Leak management is a process that
has to be run simultaneously with the operatingnetivork from the beginning without waiting the

network to weaken.

Forming and evaluating manageable district metemegs and measuring inflow water is
crucial for leak management studies. While DMA &nlg formed, missing fittings are discovered,
unknown connections are found, missing projectsfatmd and an up to date overall project is
generated. During these operations already, pgssibter losses will be found at a certain extent
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(such as leaks, missing and unknown connectiongeagt DMAs and pressure zones, etc.).

Water leaks can be controlled by means of sepamaieombined strategies that use two
approaches. These two approaches are named asv&lsak Control” and “Active Leak Control”.
Either of the two can be applied according to thetew administration’s needs; however, for an
effective leak control strategy, the two approacstesuld be applied to the field in different ratios

which meet the administration’s demands.

4.4.1. Passive Leak Control (PLC)

Leaks occurring in the network not visible and thedfects are not easily recognized as long
as they do not reach to the surface and harm pé&ogleme way. As soon as a leak grows big enough
to show itself on the ground, or flood somebody'sperty, the necessity of locating and fixing the
burst comes up. Leaks do not necessarily harm gtaee by flooding. They might show their effect
as low-pressure problems or having no water aboweedloors in an apartment. These “big enough”

bursts are reported either by the customers, ohdwdministrative staff to the leak detection crew

Passive leak control comes into picture at thigestdt can be defined as detecting leakages
depending on the reported burst events. Actionrtat@ntains only repair of observed bursts and
elimination of low-pressure problems of relatedton®ers. Only customer reports of house flooding

events, inadequate pressure problems and simpartseare focused on.

Smaller leaks that do not harm any customer rerhalow the ground until they are big
enough to start giving damage. Small leaks can irerhaden for months or even years. As
undetected leaks, water lost through them constitathuge amount when awareness time is extended
to years.

In simple words, PLC is chasing big leaks afterythave given enough harm and made
themselves visible. Its main disadvantage is, lemksdetected after big amounts of water are lost.
However, it may be a cheap solution if there ideanty of water sources that are enough for customer
demands and water losses. Apart from water souifc@ater production cost is very cheap, if bursts
are found out easily and quickly, searching forkéedn an active manner may not be feasible.
However, it should be noted that, by applying pasdeak control, it would be a difficult task to
decrease the overall water loss amounts. Conversetyall water loss amounts will possibly tend to
increase with the growing city, increasing popualatand water demands.
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4.4.2. Active Leak Control (ALC)

Unlike PLC, active leak control is a collectionrobthods applied on a formed and evaluated
DMA. In general, flows in the DMAs are monitoreddasudden, unexpected increases in flow are
searched for. Whenever these kinds of changes ,otzak detection surveys are done inside the
borders of the DMA. This activity of continual sehing for water leakages (mostly bursts) is done
using acoustic and electronic devices. These dewce listening rods, ground microphones, digital

correlators, leak noise loggers and so on.

With the help of active leak control methods, bigdis that do not reach above the ground
surface can be easily detected depending on threiinentation. Additionally, even small background
leaks are detected and pinpointed with this metiada result, all the “detectable leaks” are found
and fixed in the DMA. However, there are limitsttbadeak could be found with these methods. Butler
(2000) states; in the UK, 55 I/property/day is deeeptable level of leakage. Trying to find leaks
beyond this point is not considered as economiuatigois. He also defines an undetectable leakage
level as 30 |/property/day. It is the ultimate Ietieat leaks can be decreased in a water distdbuti

network using today’s technical equipment (unavboieanight flow).

ALC is effective up to some extent when appliechaldNVhen bursts are found and fixed in a
system, pressures will increase in the system. iflciease will generate new bursts or background
leaks at various parts of the network. ThereforleCAhould not be applied only once to the network.
It should be applied to the network within a scHedWeekly, monthly or yearly repetitions of ALC
studies may be a good idea depending on the prepeftthe network.

To decrease the happening of new background Ipaissure management studies should be
run with ALC cooperatively. With pressure managetngnostly reducing excess pressure in the
system where possible), generation of backgroua#isleean be slowed down or totally avoided.
Pressure reduction in a network decreases the wohlinwasted water as well as the rate of leak

growth. With lower pressure, fewer leaks will bengeated with time in the network.

ALC requires the administration to spend money assjple constructions for DMA
formation, leak detection instruments and to maKerteto locate and fix the leaks. The effort
includes training staff and giving the staff updimte information of new technology. As the prodsss
an expensive investment at the beginning, some DBWaild have higher priority than the others
should. For instance, DMAs that are fed by pumphguld be investigated before DMAs that are fed
by gravity pipelines. That means water lost at &igklevations are more valuable than lower

elevations considering electricity costs.

After applying ALC, less water is supplied to th&/B so resources and energy costs are
saved. Applying ALC is reasonable when resourcedlianited, water production costs are high and

bursts cannot be detected by visual inspection. only

For both PLC and ALC, a water administration shdigidn a specially trained team. This
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team should have the knowledge of using variouspegents like water meters, data loggers and
ground microphones. However forming a leak detectieam would be insufficient, as the job
requires different sources of data from differerépartments of the administration. Various
departments therefore should work cooperativeltinigttheir data to be used by anyone. These
departments in a typical water administration at&,GCADA, project developing, IT, customer

relations and operations’ departments.
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CHAPTER 5

DEVELOPING THE METHODOLOGY

Before applying the methodology for locating waiesses in a water distribution network,
some minimal requirements should be satisfied. @hesjuirements involve detailed studies on

projects, investigations on field, construction igrtraining staff and many more subjects.

Formation of a water distribution system goes tgtosome essential phases like master
planning, feasibility studies, rehabilitation stesli final design and construction. The resultingesm
is usually handed on to operations department. Wwbek from now on is to operate the existing
system, dealing with new consumers, repairing #ileires and performing any kind of maintenance

work including leak detection.

In these general phases of events, a perfect systerery aspect is impossible to create. In
any phase, due to any reason a change in the sgs@m can be made. However, for an effective
study against water leakages, all kinds of uncstites have to be minimized. In simpler words, every
detail in the water distribution system should bewn precisely from master planning phase to
operating phase. The ultimate objective is to trany water drop from the source at the very
beginning of the system to the taps of customermsravit is consumed. It is possible only by having a
water distribution system that is totally under ttoh To achieve this goal, simple but importarepst

should be followed. These steps are briefly dised $®low.

Pressure zone borders have to be defined cleaidyr@=5.1). If any change in the pressure
zone borders is to be made, it should not be mgd=oimbining zones having two different

pressures but extending one zone up to the neealatl Pefining pressure zone borders is
crucial because they are the most suitable partseofvater distribution system that are open

to exploits. In any case of low pressure probleam)structing new connections from an
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upper pressure zone is used as the most praabicaios. Changing pressure zone borders is

one of the most harmful actions against a contoNater distribution network.

The modern requirement of having SCADA, GIS and GI8ssential for a controlled water
distribution system. SCADA is a must for measurprgssures and discharges at various
points, GIS is necessary for having an up to datamMedge of the system elements (pipes,
fittings, pumps, tanks, etc.) and CIS is neededki®ping the customer records regularly.
With these three elements integrated togethertadiytaontrolled water distribution system

can be easily achieved.

Figure 5.1 Defining Pressure Zone Boundaries

To have a controlled water distribution systemisinecessary to know every element in
detail. By analogy, this goal is similar to a tré&m the roots and the body, then to the
branches and lastly the leaves of the tree. Fowtiter distribution system elements, firstly
pumps, main transmission lines (with every fittiog them) and water storage tanks should
be precisely known. As a second step, distributietwork should be known in detail with

every fitting on them (Figure 5.2). Lastly, servipges and customer locations should be
known. These records are preferably kept in GISrenment. Keeping these data up to date

is crucial for a controlled network. Every changetie field has to be quickly reflected to the
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related GIS layers with enough accuracy.

Unknown connections (connections physically exgiim the network, but not drawn on as-
built projects) should never exist in the systenmkibwn connections between networks
(whether in the same zone or not) should be disedvand recorded. Having unknown
connections at any point in the network means stgds theoretical network depending on
official records, which behaves completely diffdrérom the actual state on the streets. As a
result, observations and measurements obtainedffetsnwould not meet theoretical studies
done at the office.
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Figure 5.2 Controlling Pumps, Tanks, Transmission ad Distribution Pipes

After detecting the routes of transmission lingstribution network pipes with their fittings
and service connection pipes, pressure zone bosthendd be defined with precision. The
required precision is at building level (Figure )5.Bvery building (covering the customers
inside) must be known with their pressure zonest@uers inside the borders of a pressure
zone may be easy to determine but customers neabdiders of the zone is harder to
investigate. With this step, every building is gasid a pressure zone, therefore the reflection
of any action done on the pressure zones is knovaaiiding level.
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Figure 5.3 Assigning Each Customer a Pressure Zone

Upon completing the most necessary actions stabedea district metered areas can be

formed for the purpose of water leak detection. ptezedure is explained in Section 5.1.

The major purpose of completing the tasks for arotled water distribution network is to
clarify the mysteries that lie under the ground. éWN'tihe infrastructure is known well enough, the
working system is known in detail. Knowing the ystin detail lets the water administration act

consciously. Only conscious actions done on a wgrklystem leads the administration to its goals.

If the administration does not make its choicesscmusly, in any stage of water leak
detection studies surprises may occur. These segprusually slow down the studies, make all
planned actions invalid and force them to be pldnfrem scratch. The surprise events can be
exemplified by unknown pipes in use, unknown caedepipes, old pipes that are not known either
they are in use, unknown valves that are left @dlpsecomplete or wrong customer databases,

measuring devices working improperly and so on.

5.1. Formation and Evaluation of District Metered Areas (DMA)

Every leak occurring in a water distribution netlvean be defined as a unique case. Type of
the network, material of the pipes, workmanshipl, type of the region and operating pressures are
just some of the uncertainties that can make tke gaique. In order to take action against theseski
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of unique cases, proper, standardized, methodabgieps must be followed. When designed and

applied properly, these steps will certainly bephdlfor preventing water losses.

As a simple fact, precise and routine metering r@defined points (preferably at the
entrances of isolated regions) should be thedtegh for water utilities to start dealing with waless.
Flows must be accurately measured in the distobutietwork for the grand purpose of tracing the
input water from the source to the consumer. Mbshe time, metering is only done in two stages of
the water distribution cycle. First metering is doat the water treatment plant, where the treated
water is supplied to the system and last metesrdpne at the consumers at the billing stage elinse
that there are no middle stages, but there shaaldMithout having any middle metering stages, any
calculated lost water will be the representativeoant for the whole distribution network area. To
decide where to focus on the network, considerhmg lbsses, middle metering points should be

established between the source and the consumers.

Forming district-metered areas (DMA) will guide thwater utilities to decide to focus on
smaller segments of their distribution networks.tBgse establishments, water utilities will have th
opportunity to watch over their networks not justa big one-piece mechanism but also as a big
mechanism that consists of several smaller liviagg Metering of the DMASs, continuously with
SCADA systems or by routine metering with portadtgiipment helps the water utility to take control

over the metered area.

DMA realizations should have some limitations iresiDMASs that are small in size but large
in quantity may have a high initial cost to the evatitility, but controlling smaller DMAs may be
easier. On the other hand, large sized DMAs willehbow initial cost. However, as the area gets
larger in size to take control over the area wdl arder. There is not a single valid limitatiom fo
DMAs. The necessary DMA formation rules should defiower and upper boundaries. These
boundaries may be in terms of area, pipe lengthumber of consumers. In some cases, natural

topographic limitations may force the utility folDaMA design.

Butler (2000) gives typical DMA sizes in UK in tesnof property counts. The given
limitation is areas having properties between 1800 5000. This can be used as a guideline for
limiting the size of the DMAs. Assuming every pragyehaving 5 people living, the limits become
5000 to 25000 people. DMAs containing propertiess lhan 1000 mean too small areas. When the
area gets smaller, it will be easier to managendser losses, and every detail in the network cbeld
better investigated. On the other hand possiblynamy dead ends will be created in the network.
Water quality will be adversely affected due tdl stater in the dead ends. Also the initial investih
cost will increase if permanent measuring statians established for each DMA. When DMAs
contain more than 5000 properties, the area bectwodsig to manage. It will take too much time to
scan the area for water losses. In addition, it bé easy to miss the unknowns in the network
(unknown connections, forgotten valves left closett.). However, less dead end points will be
created and less initial investments will be doftee basic thing is, when the DMA gets larger, il wi

be harder to find and locate singular, small whgak spots.

38



At the absence of population and building numbetad®MA sizes can be defined
considering the lengths of distribution networkgspHowever, if the region is a developing region
where settlements are still taking place, considelengths of pipes for the definition of the sife
the DMA can mislead the designer. If an exampleims of pipe lengths is to be given; DMA's total

pipe lengths should not be less than 5000 metetsiaould not exceed 25000 meters.

DMA formation can be studied in two points of vie@ne is forming the DMA before the
construction of the water distribution network. Totker is to divide and isolate the divisions in an

existing water distribution network to form DMA.

The first one includes classical design procedofea distribution network. In the design
process of a water distribution network, a branghype of network is suitable for DMA formation
purposes. However, due to quality aspects in deatl @pes, branching type of networks are
disadvantageous choices. Grid types of networksbateer choices instead of branching type of
networks. Circulating water in this type of netwememoves the drawbacks of the water quality, but
as the network is designed in a loop type, DMA fation has to be done with valve closing
operations in order to divide the area into smalleas. This may have some disadvantages while the
operations are applied to the field like, not prbpeorking isolation valves or unknown connections

(pipes and/or valves) within the network.

Second point of view deals with DMA formation inigting networks. As stated above the
existing network will be either in the form of aalmching system, a grid system or a combination of
these two.

The solution for purely branching systems may benttke each and every branch a DMA
(measuring at points A and B), which may be an egpe solution, or place metering points at some
predefined points on the water distribution maind ase differences between these metered values
for the branches between metering points (at p@ntS and E). An example for this case can be seen
in Figure 5.4. As a rule of thumb, forming a DMAncle stated as drawing a closed border around the

network without crossing any of the pipes; excéptpipe that is both the starting and ending point.

39



Figure 5.4 Forming DMA in a Branching Network

When it comes to form DMA regions in a grid or &gand branch combined system, valves
and their locations on the network becomes extigoitant. In this case valve places are important
because they are used (by closing or opening)otatessmaller pieces from the big area. In thi®cas
the rule of thumb stated above is still valid witte inclusion of rule to allow crossing the network
only at valve points meaning that the crossed walvél stay closed to form the DMA. A sample
DMA formation for grid systems can be seen in Fégbr5. Measuring points are located at A and B.
The advantage is ability to define different DMAeas by a few valve operations. The disadvantage
may rise in a hydraulics problem in which the defirand applied DMA may suffer from low water
pressures in peak consumption hours. The main mefaschis is that while applying the DMA, the
designer chooses a one-pipe-fed system, so thabetering location would be on that only pipe that
feeds the DMA. If the diameter of the main feedpige is not large enough to feed the DMA after
itself or if water is forced to follow a path with high-energy loss; some customers will face low-
pressure issues. The solution to this problem eafobnd in defining the DMAS only for short terms.
Here, short term is defined as applying the DMA ardessary valve operations only for the hours of
minimum usage (mainly night hours until early moxg)i while actively working on the field for leak
detection. DMASs that are not suffering this kindpobblems can be left as permanent areas, so need

for valve operations becomes unnecessary.
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Figure 5.5 Forming DMA in a Branching Network in aGrid Network

A procedure to be followed for DMA formation can @iigen like this:
Clearly identify the transmission mains and thearizhing points to the secondary pipes.

Obtain maximum knowledge about paths of the seagnpigpes and the valves placed on

them.

Keep all valves in operating condition.

Define the desired limits for DMA size.

Use the largest diameter branching pipe as thamc#rfor the aimed DMA.

Draw the borders of the DMA around the area withi& desired size by crossing pipes only
on the points of isolation valves.

Place the discharge-metering device (water meteth® entrance branch pipe.

Keep the isolation valves closed whenever DMA igse.

A valve at the entrance of the area can be usefulekting the validity of the DMA. After
isolating the area from the rest of the networle, émtrance valve can be closed and the area can be
observed if there is an unknown source enteringsirstem. Normally with this operation all the
consumers should have a shortage of water withimestime. This means that the border drawn in
office is valid on the field too. If there are sormensumers still not affected from closing of the
entrance valve, it shows either an isolation probker an unknown connection from neighbouring

zones.

Another useful method for testing isolated DMAs ¢entaking pressure readings along the
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borders of two neighbouring areas. To see a diff&eetween neighbouring zones, they have to be
in different pressure zones. At the end, it willdeen that at one side of the border a set of aimil
pressure readings are read (maybe high valuedheoather side of the border another set of similar

pressure readings are read (conversely low values).

5.2.  Measuring Daily Demand Curves of the DMA

The major aim to form district-metered areas inewalistribution networks is to measure the
flow entering to that area. Only measuring nigbtvé can be useful for leak detection but at least
measurement of a whole day gives a daily consumputaia about the isolated area. From the daily
consumption data, graph of the consumption, comynogflerred as a daily demand curve can be
drawn. This curve clearly indicates the amount afex that is given to the DMA with respect to time.
From the shape of the graph, consumption pattetheofegion can be seen. By analyzing the pattern,
water usage characteristics of the area can be 3éese characteristics differ from one DMA to
other, as the people living in different DMAs hadifferent habits of water usage. Many different
aspects can be listed for different usage habks, docioeconomic status of residents, whether the

area is a residential area, a commercial areahospital region etc.

For a typical residential DMA, it may expected t@vh a two peaked daily demand curve,
one peak in the morning when the residents wakangbgo to work and one peak in the afternoon
when the residents return to their houses from wofkcourse, these patterns do not have to be exact
copies of one another for different days, but faoarect measurement of a daily demand curve, the
pattern of the graph is not expected to show achange unless an event affecting the water usage

habits occurs.

In water loss studies daily demand curves are eseensively but especially late night
measurements of the curve is searched for. Fguieayresidential district, night flow values eritey
to the district decreases to a minimal level, betwenostly 02:00 and 04:00 a.m. In Figure 5.6 a
conceptual drawing for a minimum night flow is giveThis conceptual minimum level is usually

taken into consideration to have an idea abounvtiter leaks (Area B).
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Figure 5.6 Sample Daily Demand Curve Showing Minimm Night Flow in a Residential Area

Above explained minimal level can be called as minn night flow and in an ideal, leak
free zone it is zero (Figure 5.7). This ideal ditvrais believed to be reached when nobody consumes
any drop of water for a time period at night. Aeadl situation told above is never reached in rgalit
Water flowing into the isolated and metered areasdwot drop below a level. Mostly this minimum

night flow is considered as the sum of leaks inafea if there are not any significant night users.
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Figure 5.7 Sample Daily Demand Curve Showing Zero Mimum Night Flow

By obtaining the daily demand curves of differeBs, their minimum night flow amount
can be divided to the average daily consumptionesé define a leakage percentage. Among these
values, greater ones should have higher priofiitiekeak detection studies compared to DMAs having

small leakage percentages.

Different approaches for defining a leakage pewgsmtmay be normalizing the minimum
night flow with number of people living in the DMAr sum of lengths of the pipe network of the

interested area.

After fixing the leaks in a DMA, a decrease in tii@ly demand curve will be observed.
Normally minimum night flow values will be decreds& hese decreased values should be observed
routinely to see when there will be new leaks odogrin the area. Every DMA should have its own

characteristic minimum night flow value to be ohset carefully.

As stated above, the minimum night flow values deereased to zero only in theoretical
ideal conditions. In reality very little leaks (idripping water within the system) will be in thgstem
all of the time. These very little leaks will beotbard and costly to find and fix so they are feftlow

freely out from the system. Their cumulative amowiit form the minimum unavoidable night flow

(See Section 4.4.2).

Another fact is that the minimum night flow line i®t a constant line throughout the day.
Theoretically, it must rise a bit at night houreedo decreasing consumption and increasing overall
system pressure. Similarly, it must decrease la Bt peak consumption hours as the overall system
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pressure decreases. Therefore, this parametereidtigirelated with network’s pressure (Figure 5.8)
The curve shown as “Real Water Loss Curve” indeatee representative curve of water losses
changing due to pressure variation during the tidgalized Water Loss Level” is on the other hand,
is the simplified level of water losses. Pressuranges effecting losses during the day is not taken
into account for this line. However, by taking 2duh pressure measurement samples in the network,
it may be possible to generate a model for reabmass changes during the day. Among this study,
the variation of leaks will not be taken into acoband assumed constant during the day.
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Figure 5.8 Conceptual Curves Showing Real and Ideaked Water Loss Amounts

5.3.  Sub-DMA Formation

Dividing DMAs into smaller regions using valves da@ used to determine the starting point
for water leak detection. In practice, the DMA isided into smaller sub-DMAs, which consist of
only a few streets. Therefore, with operations létep testing, it might be possible to choose the
weakest places of the DMA. This step can be prefefor quick analysis of large DMA areas where

maximum benefit is aimed within limited time.

Sub-DMAs are formed just like forming DMAs. In arbdrary DMA, a looping pipe with
preferably a larger diameter from the rest of tigep can be seen as a transmission line. Next, the

necessary areas are defined by drawing the bondar the isolation valves that are going to stay
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closed at least on metering times. It should befally checked that unknown connections should not
exist between isolated sub-DMAs. In such a cass, ribt possible to form the needed isolated area.
An example for a sub-DMA can be seen in Figure S8b-DMA borders, isolation valves to be
closed in order to isolate AO7 from A02, A03, AQ8acontrolling valve at the entrance of sub-DMA

are seen in the Figure 5.9.

ISOLATION
VALVES

Figure 5.9 Example Formation of a sub-DMA

Purpose of forming sub-DMAs is to perform somegéstdefine which part of the DMA is
weaker in terms of water loss. This method can $eful when the metered area is too large and
equipment and workforce is limited. So instead adiig precious time examining parts of the
network that the operator is not sure whether tliedeakage or not, certainly leaking parts of the
network is focused on.

Forming sub-DMAs inside a DMA may have advantageteims of taking control over the
network. Keeping a valve just behind the sub-DMAramce enables the field operator to control a

few street pipes by using only one valve.

To use one valve to control a whole DMA requirételinvestment and maintenance as there
is only one valve to keep an eye on. This provalesperficial control over the network of the DMA.
This means that only rough experimental actions lmmapplied to the network (shutting the whole
DMA). When sub-DMAs are formed, all the necessaaves behind sub-DMA entrances should be

kept usable. This step requires more investmentnaaidtenance. However, a better level of control
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over the network is provided. As a result, much enflexible operations over the network may
become available (shutting any combinations of agas inside the DMA). If an ultimate degree of
control is required over the network, all of théves at each street intersection should be keftlesa

It requires much more time, money and human regsutc keep the valves ready for action. As a
result, an in depth control over the network isrgageed, meaning very precise operational actions
over the network can be made (shutting any streetl Ipipe combinations). The three different
situations can be explained with fictitious valwenbers.

Low Control (/50 valvg: If a DMA is known to have 50 valves installdudit only the main
valve at the entrance is kept ready for usage ahigxample for the first situation. In this caséyo

shutting the whole DMA can be performed. Step tastssub-DMA formation is impossible.

Medium Control 20/50 valvg: This is the situation when only the boundaryeal between
sub-DMAs are kept working. It may be any numbemieetn 1 and 50 but to be similar with the case
study it is given as 20 of the 50 valves are beisgd. In this case, a few sub-DMA regions can be
defined, and step tests can be performed. Sub-Dd&Asbe shut down without disturbing other parts
of the DMA.

High Control §0/50 valvg Each water distribution network should reacls ibieal situation.
In this case, all of the installed valves are baisgd. It enables the operator to generate numerous
different sub-DMA combinations. Step tests aré gtilid. Moreover, one of the most useful aspests i

to shut down only pipes at street level even wittthsturbing the neighboring street.

Sub-DMA formation concept can be ignored by som&ewkss operators that do not prefer

to prioritize the area instead prefer to searchdaks covering the whole area.

5.4. Calculating Water Loss Percentages

Water loss percentages can be calculated from iffeveht points of view. One of them is to
integrate SCADA and CIS data to calculate the mlgntBvenue amounts. It is a monthly based
calculation considering several assumptions. Tloergk point of view is to calculate the water loss
percentage by using only daily demand curves obthfrom SCADA systems or other devices. This
second method can be applied daily. Theoretictily,percentages that are going to be explained in
Sections 5.4.1 and 5.4.2 have to be equal. Howawerto errors in the data and assumptions made in
calculations, these two values show a variatiomldd.1 formed by International Water Association
(IWA) can provide the schema for organization & donsumption records and water loss percentage

calculations.

Considering Figure 5.10, the parallelism betweea two approaches may be clearly
explained. In the figure, Q represents the montilyme of water flowing into the DMA, g1, g2 and
g3 represent the monthly volumes of consumptionthefcustomers in the DMA and g4 represents
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the monthly total volume of water loss due to legdsa For simplicity, water meter errors and reading
inaccuracies can be ignored; therefore, thosesamar all added to g4. If they are not ignored tladin
errors should be considered in the meter readifigheo customers. Considering the given figure,

following equation can be written:

Q=ql+qg2+0g3+g4 (6.1)

The above equation is based on monthly revenuecesgplained in Section 5.4.1.

ql

q3

Figure 5.10 Conceptual Drawing of a DMA with WaterMovements

From the other approach, minimum night flow aspaggin Figure 5.10 is considered but for
simplicity, this time not in a monthly manner baota daily manner. Of course, same procedure can be
applied in monthly manner. This time Q will reprasthe total volume of inflow through the day, q1,
g2 and g3 will represent the volumes of consumpgtiamd g4 will represent the total volume of water
loss due to leakages. To show these values onaithedeémand curve Figure 5.11 is given below. In
the figure, “g1+g2+g3” summation is the area betwegnimum night flow and the daily demand
curve. Due to changes in the usage through the difigrent values are reached at different hours.
However, a constant level of water leakage keeps$lawing in the day. This leakage volume is
represented by “q4” and it can be investigatechasatea under the minimum night flow. To sum up,
the addition of q1+g2+q3+q4 gives the total inflowo the DMA and still equation 5.1 is valid. The
value g4 represents the same physical quantityresu.

In the next two sections calculation of water lagsounts from two different perspectives is

given.
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Figure 5.11 Conceptual Daily Demand Curve with ItSComponents

5.4.1. Monthly Revenue Aspect

While calculating water loss amounts consideringnthly revenues, two sources of data
should be present. One of them is monthly consumptalues for each customer in the DMA, the
other one is monthly continuous discharge measurtsmebtained usually from SCADA
measurements. It is the best to have a continu@4sD@ discharge measurements for the month, to
see detailed changes in the consumption. Howewemake the calculations, only cumulative
discharge values at the beginning and end of thettmis sufficient. So, at the absence of SCADA
measurements, needed data (discharge index) ceallbeted with other types of devices such as a
turbine water meter (usually referred as Woltmaretgneters). With the turbine meter installed at the
entrance of the DMA, two readings must be takemftbe indexes of the meter; one reading at the

beginning of the month and one at the end.

In order to make the calculations, data obtainethfSCADA (or manual measurements) and
CIS have to be integrated. This integration is eeedlue to the limitation of CIS data. As
consumption readings are collected in monthly basiatinuous SCADA data has to be divided into

monthly slices.

In Figure 5.12 all possible irregularities that magcur during superimposing of SCADA
measurements and CIS readings. If monthly regeladings are taken from the customer meter, that

is the case that will generate minimum amount obrei~or irregular monthly readings type | and I,
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some amount of error will be introduced, as onlg end does not overlap with SCADA measurement
period. In types Il to VI, more amount of erroriflgroduced because, two ends of the meter reading

period do not coincide with SCADA measurement @sio

Beginning of Month End of Month

SCADA MEASUREMENT

Regular Monthly Reading

Irregular Monthly Reading Type |

Irregular Monthly Reading Type I

Irregular Monthly Reading Type I &\\\\\\
\\\\\\N Irregular Monthly Reading Type IV
\\\\\\\N Irregular Monthly Reading Type V &\\\\\\ﬁ‘

Irregular Monthly Reading Type VI

Error Generating Periods |

Figure 5.12 All Possible Irregularities in Monthly Meter Readings

In the below formulations, g and g, are denoted for cumulative SCADA measurement
indexes at beginning and ending points of the mghéh 5000 M and 10000 1), ts; and &, are
denoted for the beginning and ending points ofrtteath determined from SCADA settings (i.e. 1
March 2010 at 00:00 a.m. and 31 March 2010 at 28r89. @ is then the difference between the

indexes, indicating the total inflow and i the duration of the month in terms of days.

Qs =0s, - O (5.2)
Ts=1g,- ty (5.3)

According to the given example values; izcomes 5000 frand T becomes 31 days. That
indicates that a total inflow of 5000°thas occurred in 31 days into the DMA.
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Additionally, an t parameter is defined to calculate daily averag®wnto the DMA,
assuming that the inflow entering the DMA is samergday throughout the month. Unit of is
m>/day.

I =Qg/Tg (5.4)

In Table 5.1 a sample for a CIS database is gilrerthe sample table, minimal required
fields are given as “Building ID”, “Customer ID” fidentify the consumers, “DMA ID” to identify the
customers in a DMA from other DMAs, the beginnimglanding days of the interested meter reading
periods and the consumption value of the intereptribd in meter cubes. As optional fields, any
kind of information for the customers can be adttethe database. These fields are simply given as
“Various Information” in the table. These fieldsncanclude any kind of contact information of the
customer (address, telephone, etc.), water mdegededata (ID, type, installation date, etc.),etyqf
the consumer (residential, school, hospital, pulgicden, etc.). After each reading period, new-
collected consumption data is added to the datalnader three new columns. These columns will be
next periods first meter reading date (which wél the same date with previous periods last reading

date), last reading date and the consumption value.

Table 5.1 Typical Structure of a Customer Informaton System Database

Marct Marck March
Building | Customer| DMA Various Period Period Consumption
ID ID ID Information | First Date Last Date (m®)
[tcas - fend | [tcaz - tend | [dea - Ged
50001( | 80001 5 27.02.201( 28.03.201( 30
50001( | 80001¢ 5 27.02.201 28.03.201 12
50001( | 80002( 5 27.02.201 28.03.201 23
50001: | 80000z 5 05.C3.201( 03.04.201 40
50001: | 80025¢ 5 05.03.2(1C 03.04.201 8
50001: | 80000: 5 01.03.201 31.03.201 50
50001 | 80036¢ 5 01.03.201 31.03.201 19

To explain the consumersg] ez, Ges --- Gen are defined as the monthly meter readings for
each customer indicating their consumption in teofns’ (i.e. 30 m, 40 n?, 50 n? ...). Total number
of metered customers is denoted by diy, ttcio, teor, teoo tean tes2 -.- tens ton2 are the dates that
customer meters are being read by the administragiaff. First index defines the customer and
second index defines whether the reading is dortbeabeginning of the month (corresponding to
previous month’'s measurement) or at the end ofrttwth. If the second index is 1 then it is the mete
reading date of previous month. If the index ib@ntthe value is the meter reading date of theemtla
month (i.e. for I customer 27 February 2010 — 28 March 2010, férc@stomer 5 March 2010 — 3
April 2010, for 3 customer 1 March 2010 — 31 March 2010 ...).
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To calculate the monthly periods of each custoinebielow equations are used:

T =ten - ten (5.5)
Tcz = tczz - tCZl (5.6)
Tea =leay - tea (5.7)
TCn = tCnZ - tCnl (5.8)

Then, the values given in the example lead toe¢kelts of; F; = 33 days, ¥, = 30 days and
Tc1 = 31 days. Then parameterg;PDc,, Dcs ... D, are defined. These D parameters will define the
daily average consumption of each customer depgrafirthe assumption that everyday same volume

of water is consumed.

Dey =0, /Ty (5.9)
Dey =0c, / Te, (5.10)
Des = 0cs/ Teq (5.11)
De, =0,/ Tes (5.12)

As a last step, the D parameters are added upddliie total average daily consumption of
the DMA. The resulting parameter is defined gs Similarly, the units of  and O parameters are
m*/day.

n
D; = D =Dg, +Dg,+Dg;+...+ D, (5.13)

i=1

At the final stage, the Pvalue is subtracted from to find the rate of water loss in terms of

m3/day.

WL=1, - D, (5.14)

A percentage can be derived from the calculatedevby:
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WL(%) = Vli‘ 100 (5.15)

T

5.4.2. Minimum Night Flow Aspect

Considering Figure 5.11 as a sample daily demamdecwa water loss percentage for the
DMA can be calculated. On the graph minimum nidbivfline can be drawn horizontally ignoring
the effects of pressure changes. Another impottang to consider is to detect the DMA’S minimum
night flow hours. This is a period of time in whiobne of the consumers are using water. When that
time is reached the measured inflow value to theADMII be the minimum night flow. The area
below minimum night flow line (g is the water loss amount during the day. To makemparison
with the total water entering to the DMAfqp+0s+0), following formula is used:

WL(%) = % “ 100 (5.16)
Gy +0, + 0 + 0,

With this percentage, a realistic idea about thewh of water loss can be obtained. The
needed data can be obtained from SCADA recordsamual daily flow measurements (with mobile
flowmeters, etc.). After obtaining water loss pateges for different DMAs, it is possible to see th

weakest DMA in terms of leaks.

The values found in 5.15 and 5.16 should be thees&fowever, due to various errors and

assumptions made before calculations, “WL” valuéeidfrom each other.

5.5.  Prioritizing the Sub-DMAs

After forming sub-DMAs, the number of areas to loatcolled against water leaks increase.
The increased number of areas can make things catgd if an order of some kind is not given to
the areas. An order can be given to the sub-DMAa method called step test.

In step testing method, it is required to havesafated DMA with its measuring point ready
to use at the entrance. In addition, DMA shouldspkt into smaller sub-DMASs in order to prioritize
them. The test is applied usually at night hourswbenever minimum daily usage occurs in that
particular DMA) while measuring the flow enteringthe DMA. At the time when it is believed that
no water usage is occurring (that is when minimughtnflow occurs), one of the sub-DMAs is shut

down with the help of its valve at the entranceepiBy doing so, the water loss occurring in thdt-su
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DMA is precluded from the minimum night flow. By etking the measurement that is being
recorded at the DMA entrance, it is possible tedaine the water loss amount in the area that has
just shut down. The discharge amount measuredeagritrance will decrease to some level and that
decrease will be the amount of water that is b&sgat the closed down sub-DMA. Keeping the first
sub-DMA closed, another sub-DMA is shut down asdeitfect will be seen in the measuring point
immediately. Without opening any of the previouslgsed valves, all the sub-DMAs are shut down
and their effects are recorded by checking the rfieter at the DMA entrance. After closing all the
sub-DMAs, the flowmeter should read zero flow amd tesult will be compatible to the result that is
applied to the field. This result is; by closing tle necessary valves, all the users and thergaki
points are restrained from the source. At the ehthe closing steps, a flow versus time data is
generated and it should look like Figure 5.13. §reph explains the amount of water loss occurring
in each of the sub-DMA like steps of a stair. le #ample graph, minimum night flow is 50 m3/hr. It
can be considered as the total loss of the DMAcBging the first sub-DMAS, loss of the remaining
sections reduces to 40m3/hr. It indicates that miaies occurring in the first sub-DMA is 10m?3/hr.
Each reduction in the graph will reflect the logzwrring in the related sub-DMA. A prioritization
among the sub-DMAs can be done by the data obtaimdétle closing steps. Highest water loss

detected sub-DMAs should have a higher priority mveearching for leaks.

Step Test - Closing Process

Discharge (m %hr)

60

50

40

30

20 —‘—

10 1

0
0O0000000000000000000O0O0O00O0O0O0 0000
A NIV AdNNDITINOANNINOANNINQAdNNT QO
A A A A A A NN NNNNODNONOONSETITITIT T TOLWOWLOWO
OO0 0O00O00000D0D00O0DO0O00DO0DO0OO0O0DO0ODO0OO0OO0OO0O0OO0 OO0

Time

Figure 5.13 Sample Valve Closing Data in a Step Tes

After reaching zero flow at the end of closing stethe reverse procedure should be done in
order to check if same prioritization could be dawenot. In a similar manner, it is performed by
opening the valves of the sub-DMAs one by one asitirgy a step-by-step increasing flow versus

time data indicating the water losses of the sgores (Figure 5.14).
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Step Test - Opening Process
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Figure 5.14 Sample Valve Opening Data in a Step Tes

There are some important points to be considereitk vdoing step tests. First, step tests
should be done at minimum night flow hours. Thisssially some time between 02:00 a.m. and 04:00
a.m. (which may extend to 01:00 — 05:00 dependim¢he water usage characteristics of the region).
Opening or closing a valve should be done very lsldavprevent transient effects that might occur in
the network. Next, after shutting an area, thectféould be seen at the flowmeter clearly andhif a
inconsistency occurs in the discharge values @ireincrease instead of a decrease when a valve is
closed), a waiting period should be left beforethg another area. Within this waiting period, the

transient effects minimize and the network comesgtailibrium.

5.6. Search for Leaks with Leak Noise Loggers

Leak noise logging devices are being used in watak detection for more than 20 years
(Thornton, 2002). Simply they are mobile micropt®mégth recording capability. They are usually
placed on the fittings of the network such as vg|l¥iee hydrants etc. Their job is to record thésaes
of the pipeline it is placed on for leak soundsstirg is preferably conducted between 02:00 a.m. —
04:00 a.m. to make sure environmental noises anémmal. A potential leak is found by getting a
noise amplitude data that never drops to zero atilig that a constant noise is present in the nétwo
(Figure 5.15). That constant noise should be clieekeether it is a constant leak sound or another
noise such as a machine, working non-stop. Thiglcltan be done by looking at the dominant
frequency value of the recording, or from frequehetograms of the recording if supported by the
device. A non-leak noise is determined from a dagmer result that hits zero noise level at night
(Figure 5.16). It states that ultimate silenceeigched at the measurement location indicating alo le
on the nearby water distribution network. The ssescés greatly dependent on the technical

55



specifications on the device as well as the madtefithe pipe. The spatial location of the locatian
the network is also important as the farther tlak Ipoint to the logger, the lower chance it is € b

detected. Units in sample figures (Figure 5.15 Rigdire 5.16) may differ from one brand to another.

However, the general approach is to provide umtlesund levels, which gives rough information
about the leaking spot.
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Figure 5.15 Data Logger Result Graph Showing a Pob¢e Leak Noise Recording
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Figure 5.16 Data Logger Result Graph showing a noheak Noise Recording
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Leak A

Figure 5.17 Sample DMA Showing Leaks and Possibleeiection Points

For a sample network shown in Figure 5.17, it Buased there are two leak spots A and B. If
leak noise loggers are to be placed on every vabwva 1 to 9 in this network, most probably leak A’s
noise will be generated on valves 2 and 3. Sinyillebk B's noise will be heard by the loggers on
valves 6 and 7. Of course, loggers placed on atkarby valves may be affected from leak noises
depending on the intensity of leak noise and depthe leak. However, the above named valves are
expected to have higher noise levels, as theyharagarest valves to the leaks. In addition, logger
valve 3 will gather more noise from logger placedvalve 2. Valves 6 and 7 will give similar results
which will provide the important knowledge of whighlve is nearer to leak B. Intensity of the logger

measurements will determine the nearness amount.

Noise loggers can be used in “measure and movenamher or as permanent devices. Many
brands develop different models for these two psepo In the first manner, devices are used to
measure for leak noises on a set of fittings fa ontwo days, then collected to be placed elsesvher
By this way with a limited number of loggers, agamumber of DMAs can be searched for leaks. In
the second manner, suitable loggers are placedtimg$ for long time use. They are programmed in
such a way that, measurements are taken every atagyvery week, or every month. Then on
predefined dates and times, the operator sweeparé@eto collect the data to check whether a leak
exists or not. As the water distribution network ¢ considered like a living organism, there may b
no leak signal on a fitting one day, but an opgosignal can be received the other day. Therefioee,

network should be kept under investigation alltihees.

It is a well-known fact that sound is transmittexttbr in particular materials. Materials such
as cast iron or steel have a better transmissiosoahd than plastic materials like high-density
polyethylene (HDPE) or polyvinylchloride (PVC). Lgers placed on metallic pipes receive leak

noises from a greater distance compared to logdecgd on plastic pipes.
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In the last few years, these devices are improvedtly. Primitive versions of noise loggers
only recorded environment noises wherever theykeed. Nowadays loggers can be programmed to
stand by on daytime and start recording noisesight tours to eliminate ambient noises. Also a
considerable amount of energy saving is insuredaddition, they are capable of detecting the
frequency of the recorded noises and with the befreinstalled frequency libraries; loggers arkeab
to compare the recorded noises with real leak sBoB¥g this comparison, leaks can be detected with a
better accuracy. Another useful property is predigvith the help of GIS tools. Sound amplitude data
collected with two consecutive loggers can be datee with the distance calculated from the water
distribution network layer to point a leak pointtifis between these loggers. With this propesgki
noise correlating devices, which are used to perftis same correlation work, can be eliminated

from leak detection studies.

5.7. Pinpointing the Leak with Ground Microphones

Pinpointing leak spots with ground microphonesrng of the most preferred techniques in
water leak detection. With the improved technologymerous brands produce numerous models of
acoustic leak detectors. Generally called grounctophones, are the devices that are used outdoors
for listening possible leak noises on asphalt, oetecor earth surfaces. Their working mechanism
depends on amplifying the noise that the deviceastfrom ground and delivers that noise to the
operator. With some improvements on the devicey thie able to filter unnecessary noises and

interferences making the operator easily focusherl¢ak noise.

Preferably, after making necessary detections witliise data loggers, operator starts
searching the most probable areas (near valvesgtharate the highest leak signals on loggers)
moving back and forth. Operators with enough exgmex usually pinpoint the leak within one hour’s

time.

Similar to leak noise loggers, sound generatechbywtater leak first vibrates the faulty pipe.
Then the pipe spreads the noise and vibration dohydocations. At this step pipe material paramete
becomes more of an issue. Noises will be spreadwie area or to a narrow area depending on the
material. As a general fact, metallic pipes spithadchoise to much wider areas than plastic pipbs T
fact effects ground microphoning study deeply. éniitg on plastic pipes require more attention in
order not to miss the leak spot whereas on metgilfies less attention may be paid. The importance
of this aspect can be explained by assuming twdasimetworks, one composed of metallic pipes
whereas the other one composed of plastic pipaseXxample, in the first case a water leak will be
detected by ground microphoning the pipeline willd-ineter intervals, whereas same leak spot will
be detected by ground microphoning with 10-metéerirals. This will yield the fact that sound

spreads more on metallic pipes.

Usually, pinpointing is done by spotting the pothiat most noise is gathered. After
excavating the pointed spot, whether the correcitipn of the leak is spotted is understood.
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Errors of a few meters are acceptable as in sorsesdaaking water sprays and hit a hard surface
away (like a rock) and most of the noise is taketha water hitting point. However to be able tuodfi

even that spot without being able to see whatiisggon underground can be stated as a success.

5.8. Measuring Daily Demand Curves of the DMA to See the Effés of

Leaks

After locating and fixing the water leakages, dallgmand curves and consumption data
should be obtained again for the new period totlseeffects of leaks. Water loss percentages should
be calculated for the new conditions and thosegmeages should be investigated closely while on the
other hand leak detection studies should go onbdbly for every DMA, a level will be reached
where the leaks cannot be decreased anymore. Bval bhould be recorded as in future
investigations if that ultimate value is exceedén it means that new leaks are generated in the
network and as soon as possible some action sheuiaken.

A continuous discharge measuring system like SCAD#&y have great advantages when
located at the DMA entrance. With the help of skiztd of a system discharges, pressures and daily
consumptions of the DMA can be investigated comtiraly. A summary table like Table 5.2 can be a
useful tool for examining daily water loss valu&se values from SCADA records can be manually
picked for this table or some kind of software t@ndeveloped to scan SCADA records every night
and pick the minimum values recording them on assp environment.

Table 5.2 Sample Summary Table for Examining DailfMinimum Night Flow and Water Loss
Percentages

Minimum Water Loss /
Date | Days Water Night Flow | Minimum Total Lost Total Flow
Entering (m°) (m3h) Flow Time | Water (m®) (%)

(Al (B] [C] [D] [E] [F]=24 x[D] [G] =100 x [F]/[C]
01.03.10 Mon 1160 30.2 01:50 724.13 62.425
02.03.10 Tue 1130 28,7 04:10 688,88 60,962
03.03.10 Wed 1096 31,0 02:00 744,38 67,917
04.03.10 Thu 1156 36,1 04:30 866,25 74,935
05.03.10 Fri 1167 29,2 04:35 701,63 60,122
06.03.10 Sat 1247 29,3 04:30 702,00 56,295
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It should be noted that, having a leak free netwsrkot realistic. Then, instead of dealing
with little leakages after fixing the big ones inDdMA, some other unstudied DMA should be
investigated for leaks that are bigger (leakingeh@nd easier to find. By this way, in a shortevetj

larger quantity of leaks can be detected and theirulative effect would be greater in every aspect.

With the help of a table similar to Table 5.2 uskding the case studies, the effects of
repairs on the network and possible occurrenceeof leaks are observed. In Section 6.2.5 and in
Table 6.10, effects of repairs are seen as thesdsitrg values of “Total Lost Water” column. The
repairs are done beginning froffi 6f April and the “F” column of Table 6.10, decredsrom 834.75
m3 down to 500-m?3 level when the repairs are cotegleln this aspect, tables similar to Table 5.2

prepared by the administration are very usefuldak monitoring purposes.

5.9. Equipments Used In the Field Studies

The history of leak detection devices goes backemitian 150 years (Figure 5.18).
According to the historical records, leaks aredtrie be localized by using wooden sticks. Those
sticks were used to listen and pinpoint the leatt &p a very primitive manner (Web6). However,
today's high-end technological devices use the sanwciple of leak sounds to pinpoint them.
Throughout this study, acoustic loggers and adwégeceund microphones are used for leak detection.
According to the timeline in Figure 5.18, these ideg are all developed after 1990s, so the

technology they are being used is a new technology.

Leakage Detection Technology Timeline
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Figure 5.18 Timeline Showing Leakage Detection Teoblogy Developments (Web 6)

The two major equipments (noise data loggers aondrgt microphones) used during field
studies are products of Hermann Sewerin GmbH. Sevigia German company dealing with water

losses for many years. In general these two dedre®asy to learn and practical to use in thel.fiel
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There are more complicated and more functionalagesvon the market, but used Sewerin products

satisfy minimum requirements for a basic scanniing distribution network.

The two devices work with similar principles. Actiasleak detection is the basis of these
devices. A leaking pipe generates a sound with stimeacteristics. Noise data loggers are capable of
detecting these characteristics and give alerisatidg water leakage nearby. In addition, thetpati
results can be manually examined for detailed amalyand detecting leaks that could not be
automatically alerted. Ground microphones work veittmpler principles. They raise the sound level
where the listening stick is touching. With thesesd sound level, operators can trace and pinpoént t
leak spot very efficiently. Interfering noises danfiltered by these devices, to have a clearendof
the leak spot.

5.9.1. Noise Data Loggers

Sewerin's SePef 01 is used as data loggers in the field. A packofoggers was available
during the study. Loggers were distributed overwaer distribution network during daytime, and
collected from the field the next day. Before digiting, programming of the loggers was performed.
They were programmed to take listening measurenmantight between 02:00 and 05:00. Having a
total of 20 loggers had a limitation in terms ofrkiag time. Total working time in the field coula:b

shorter if more loggers were equipped.

SePer®) 01 devices are actually meant to be permanenttsghat will stay in the field for
years. With the help of their radio connection gmyp, they can be programmed and their results can
be transferred easily and quickly within a distantleis distance is usually enough to make remote
connection from a slowly moving car. As a resulbgders can be permanently recording
measurements. From time to time, operators care dhirough the area to check whether any leak is
detected by the loggers. However, in this studyse¢hdevices were distributed and collected within
two days not to face the risk of getting the devistlen.
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Figure 5.19 Sample SePe® 01 Result Graph

Figure 5.19 shows a sample result graphic obtafred a SePe 01 recording. In this
graph, x-axis shows the time in hours, which cotleesduration of measurement. Y-axis is a unitless
axis showing the intensity of the sound level. Adiog to the information obtained from the
manufacturer, the intensity values in y-axis cancbaverted to values in terms of decibel (dB) by
using Formula 6.1. In this formulal " represents the intensity value obtained fromghagph (sound
level); “dB’ represents the sound level in decibel.

dB = 20xlog,,(I) (5.17)

The intensity value lis a unitless quantity, which is the proportiontioé field-measured
amplitude A over a reference amplitude.AThis reference amplitude could not be obtainedcfthe

manufacturer, so throughout this study the outpaplgs are given with unitless sound levels.

5.9.2. Ground Microphones

During the field studies, Sewerin’s Aquaplibi 100 was the most used equipment. It is an
electronic ground microphone having the abilityégognize noises of frequency between 1 Hz and
10 KHz. With such a wide range, it is also equippéith the frequency-filtering feature. It can filte
out the selected frequencies, helping the opetatéocus on the leak noise only. The device can be
used with two major hardware. One ground microphbeadpiece for listening ground noises (on
asphalt, pavement or earth surfaces) (Figure 5@)one listening stick for listening noises from
fittings (valves, hydrants or customer water mgt¢Fsgure 5.21). One from the two hardware is
selected depending on the listening spot. The whitee values read in the device’'s screen arenagai
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unitless values as described in Section 5.9.1.

Working mechanism of Aquaphon A100 is easy. Volwhghe noise that is being listened is
elevated at the device and transferred to the tgefram the headphones. When the leak spot is near

operator hears a higher volume of the leak sousa albserving the amplitude of the noise from the

device’s screen. Search for leakage is done neasubpected spots, trying to detect the highekt lea
sound. Leak spot is often located where the maxinaak noise is obtained.
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Figure 5.20: Pinpointing Leak Spot with Ground Microphone from Surface (Web10)
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Figure 5.21: Pinpointing Leak Spot with Listening $ick from Fittings (Web10)

As seen from Figure 5.20 and Figure 5.21, the @éviscreen shows higher values when
listening point is nearer to the leak spot. As baohelper, the real, amplified sound of the lea&rd
from the headphones are considered. In Figure &@iceptually two corporation cocks and one
underground hydrant is shown. Corporation cocksustelly buried and not kept ready for regular

usage in Turkey. Valves in the network are usedenttwein corporation cocks.
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CHAPTER 6

CASE STUDIES IN ANTALYA WATER DISTRIBUTION NETWORK

As applications of the methodology explained in tlec5, two district metering areas,
namely “Zone 6” and “Zone 2" are selected in AngadyKonyaalt County. The procedure is clearly
applied on field. At the end, a decrease in minimmight flow and an increase in monthly revenue

ratios are achieved in both zones.

6.1. General Information about Antalya Water Distribution Network

Antalya is Turkey's seventh biggest city in ternfgopulation. The total population of the
city is nearly 2 million and about half of them &réng in central counties (Aksu, Démealt , Kepez,
Konyaalt, and Muratpa) (Webl). As the city is one of the major tourisities of Turkey, its

population increases considerably in summer.

Antalya’s major water sources are deep-wells distdd over city’s different places. As a
treatment process, only chlorine is injected to weger and it is pumped to the city. Distribution
concept is drawing the water out of the wells, #reh pumping it to storage tanks located at the far
end of the network mains. While pumping water #® tdinks; distribution to the secondary network is

done.

Water consumption of Antalya’s central countiegestaabove, is around 180000 per day
according to the records at the SCADA centre. Maeeo according to the previous records,

consumption becomes slightly more than 20008@en day during the tourism season.

The city has nearly 3000 km of water distributionins and secondary pipes. Pipe materials
show a great variation throughout the city netwdvlajor materials can be stated as; PVC, HDPE,

asbestos cement, steel, ductile iron and cast(Fable 6.1). The whole city network goes through a
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rehabilitation process in which the old pipes (nhasteel and asbestos cement) are being replaced by
PVC pipes. Most of the house connections are HDREsp while there are still some primary and

secondary distribution pipes, which are HDPE too.

Table 6.1 Percentages of pipe materials in Antaly@/DN

Pipe Material Percentage (%)

PVvC 58.18
HDPE 24.90

Asbestos Cement 7.29
Steel 3.78
Ductile Iron 2.37
Cast Iron 2.30
Galvanized 0.56

Glass Reinforced Plastic 0.36
Unknown 0.25

Total 100

Topography of the city varies considerably as tliy ties between Western Taurus
Mountains (Bey Dadar) and Mediterranean Sea. Neighbourhoods in lefty have a very flat
elevation distribution, whereas neighbourhoods tiearsea cliffs and the Castle may have very steep

sloped streets.

Antalya Water and Wastewater Administration (Angaju ve At ksudaresi, ASAT) is the
organization, which is responsible for all of thater and wastewater issues in the central counties.
For more than a year, the administration runs at giroject aiming to deal with water losses,
controlling the network, forming a SCADA system hvidistrict metering areas (DMA), obtaining
reliable GIS layers of the city, forming an up tteldatabase of the customers.

As a starting location Konyaalt county is chosé&me whole network in the county is
investigated carefully with the administration’dioé and field personnel and as a result, the netwo
is divided into 18 DMAs (Figure 6.1). To achievebay success almost all of the valves on the
network were located in the field, excavated andena@ady for use. This makes thousands of valves
that have been treated all around Konyaalt . Taoaee the risk of these valves to be covered by
asphalt, all of them have been coordinated precisdth Cors-TR compatible GPS receivers.
Forming the DMAs in the field was achieved by detiging the borders and closing the valves that
intersect with the borders. Similarly, detectiorvafves under asphalt surface and making them ready

for use is done in the rest of the city.
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Figure 6.1 18 District Metered Areas formed in Antdya Water Distribution Network

At the entrance pipes of each DMA, electromagnfédiwmeters were placed and connected
to the SCADA system. By the help of this systenmanistrative staff can see the flow, pressure and
water quality values of the interested DMA instauetausly. In addition, all of these data are staned
the SCADA'’s database for future access to the fidstiovalues.

To obtain reliable GIS layers of the city GPS sysvhave been done. Field collected data is
entered to a system built on ArcGIS. As stated aball of the isolation valves are coordinated gsin
GPS. Additionally all of the fire hydrants, air vak and related fittings of the network are
coordinated. Also, all of the pipes and dead enidtpan the network are coordinated some by just
tracking the pipes between valves on the aspheie) and some by excavating and taking the real
coordinates (Figure 6.2). Another GIS layer is fechfrom the house connections. Again, some of
them are coordinated by excavating the asphalttandhing the connection, some of them were
coordinated either by the help of utility locat@vites (pipe and cable detectors) or by knowledge o

highly experienced field personnel.
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Figure 6.2 Coordinating the pipeline (Web 4)

As another task, all of the buildings in the coumte given a unique id and they are
connected to the customer database (see secti@).6Mith this step, a customer information system
that can be integrated to GIS is almost establisBgdthe help of this study, it became easy to
calculate the total consumption in a DMA in a mdythasis. On the other hand, it is possible to
measure the flow entering to the DMA in any timeige: So the water loss amount and non-revenue
water percentage of each DMA in Konyaalt can beutated to a certain extent. These topics are
discussed in detail in sections 6.2.2 and 6.3.heOtseful layers like cadastral layers and street

centreline layers are obtained from Greater Muaidip of Antalya and Municipality of Konyaalt .

Konyaalt has approximately 310 km of water disitibn network mains and secondaries.
Just like the other parts of Antalya water disttitw network, pipe materials in Konyaalt is mainly

PVC with small amounts of HDPE, steel, ductile isord asbestos cement.

Konyaalt lies along the Mediterranean Sea andvieag little elevation changes. Mainly all
of the elevations near the seaside can be assumedcanstant value. So this makes very little
pressure changes at the entrance of the consunnets topography. This is not valid in other region
of the city. For example, neighbourhoods near tloemtainous regions or old city centre located in
the Castle (Kaleici) show great elevation chandesuming constant elevation values can only be

accepted in some parts of Konyaalt .

The county has 42104 consumers according to tledeof ASAT. The 2009 population for
the county is given as 106748 by K{Web?2).
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6.1.1. GIS Layers

6.1.1.1.Pipes

Pipe layer is drawn in polyline and contains thiéofeing attribute fields: Unique ID for each
pipe segment, diameter of the pipe in millimetrasterial of the pipe, depth of the pipe (if known),
calculated length of the pipe, pressure zone opipe, address information and information aboat th
installation of the pipe. These attribute fields &lled from project values and field staff's kniedge
but they may contain important mistakes (mostly mgaliameter and wrong material) that conflict

with the reality on the field.

6.1.1.2.Fittings

Fittings layer is composed of point objects. Thebgects’ coordinates are collected using
GPS. However, this realistic drawings of the fijinare not suitable for a map layout especially
fittings that are located within centimetres to keamther. To overcome this problem, the GIS
department places new point objects that reprabenposition of the object schematically. In Figure
6.3 below, “Kvana” represents the real coordinatetye; on the other hand, “Vana” represents the
schematic drawing of the corresponding valve. Tleebematic points are identified in their attribute
tables. They are not placed for each valve. Planeisewithin operator’s responsibility. If operator
thinks that too much overlapping of the objectd wdlcur when a layout is plotted, he or she places

schematic twin of the fitting.
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Figure 6.3 Explanation of Coordinated and Schemati®/alve Drawings

Fittings layer contains the following attributelfls: Unique ID for each fitting, diameter of
the fitting in millimetres, material of the fittingtype of the fitting, address information and
information about the installation of the pipe. e the fitting is coordinated or schematic is
identified in “type of the fitting” column.

6.1.1.3.House Connections

House connections layer contain exactly the sarmébates with the pipe layer, but they
represent the service connection pipes not thelulision network pipes. Therefore, they have smalle
diameters and shorter lengths. This useful layterdeénes which building is connected to which pipe.
In addition, it becomes more important on the bsd® different pressure zones. If the buildings
seem to be connected to a different pressure zqiess the leakage computations of the zones are
deeply affected.

6.1.1.4.Buildings

Buildings layer is the layer that represents evauilding in the city. They are drawn in

polygon shapes. They are digitized using sateftiges by using the corners of the roofs mostle Th
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attributes can be listed as: Unique ID for eachdiug, name and number of the building, type of the
building (residential, office etc.), number of flgp subscription ID of one of the consumers in the
building, number of customers in the building, nemnbf the zone that the building is in and address
information. Subscription ID of one of the consumeés aimed to build a connection with the
customer information system in order to assign imgntonsumptions to the buildings. By this way,
very precise hydraulic modelling works can be dofkso this knowledge can be used to make a
connection with the SCADA records to calculate #mount of physical water loss. This topic is
studied in sections 6.2.2 and 6.3.2.

6.1.1.5.Roads

Road layer is a polyline layer that representsdetreline of the roads. They are given a
unique id and the road name as the most importtitiwge values. This layer is a layer obtainedrfro

Municipality of Konyaalt .

6.1.1.6.Cadastral Layers

Cadastral layer is obtained again from MunicipalifyKonyaalt and drawn in polygons.
Usually these layers are produced in NetCAD enwvitent and transformed into GIS layers through a
series of operations. They represent the cadastess @and have the following attributes: Unique ID,
Area of Usage (residential, green field, hotel§ ated cadastre number. This layer is useful irdfiel
studies as the street spaces are clearly seendyet@dastre areas helping to determine the addresse
In addition, it is useful to check whether a pipelifalls inside a cadastre area or not indicating a

possible cancelled out pipe that is not removenhftioe pipe layer.

6.1.2. SCADA Data

Data obtained from SCADA is very useful for the etatination of water losses. From
SCADA measurements, the total water flow enterommthe DMA can be obtained for a particular time
period. This is obtained by subtracting the fireléx from the second index. With ideal conditions
where there is no water loss in the system in gpg,tthe same amount of water should be obtained
by summing up all the index changes at the custonaters within the same time period. Unlike ideal
conditions, there are water losses all around éteark, water meters are not perfectly measurieg th
flow that is used and meter readings are being bggukople that can make rounding errors.

The metering data is explained in section 6.1.8ame aspects. Strict monthly readings are
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not done so, each user’s water usage is metereddiferent time period. With the data availalile,

is impossible to superpose the SCADA data and tletomer readings because of different time
periods (Figure 6.4). To overcome this difficulystomer readings can be normalized by the time
period they have used water, so monthly usagedeanverted to daily usages assuming a 24 hour
constant flow everyday throughout the metering queriBy summing all of the average daily
consumptions of all users, average daily consumpitd zone 6 is obtained. Average daily
consumption of the total zone can be compared ¢ontionthly water flow entering to the DMA
divided by the time period. In Section 5.4.2 extemsinformation is provided for water loss
percentages and SCADA — CIS integration.

6.1.3. Customer Information System (CIS)

Having examined the structure of the customer médfon system, it is difficult to say an
organized connection between the consumptionstentS data is present. The integration is made
by the interested staff’'s effort. This is because c¢ustomer relations department and GIS department
were not designed to work cooperatively at theestafgestablishment of ASAT. GIS department has
done most of the work by digitizing the all of liifigs in the pilot study area, giving a unique ¢D t
each building, and collecting all of the custom@foimation in the buildings (pressure zone name,
customer IDs, address related data, telephone msmbemail addresses, water meter IDs, water
meter types and brands). In the meantime, custoatestions department keeps on collecting monthly
consumption data from water meters with a differeetwv. As the water meter reading crew works
directly on field, GIS crew also worked on fielddbeck if the buildings still exist, or if new bdihgs
are being built. Data collected from these two sesrare integrated manually. On the other hand, a
study for the automation of this integration wagngoon when this thesis study has been done. The
integration is made simply by bringing together eimggque customer IDs and unique building IDs with
the consumption data of each customer.

As explained theoretically in Section 5.4.1, conption records being kept in terms of
periods. Each period roughly defines 30 days copsiom As the record collecting crew is working
independently from the GIS crew, the data colleétethe same period represents different days’
consumptions for different users. With the helg-fure 6.4 below an example can be given for this
situation. For example; a user’s (Customer 2) comtion data is collected between 02.03.2010 and
07.04.2010 (37 days) on the other hand anothefsu@eéustomer 1) consumption data is collected
between 11.02.2010 and 23.03.2010 (41 days) ars tlveo consumption data have been recorded
under 2010 —'3 period consumptions column. Almost every custohas different monthly reading
periods. This is done probably because of peopléh&n meter reading crew is collecting data
considering different borders (probably neighboadhdorders) but not pressure zone borders. It is
best to collect the data within the pressure zamaptetely in one day to detect monthly water loss

amounts. However, due to administrative reasorssdisited action seems very difficult to apply with
72



meter reading crew. It may be possible if data iloggvater meters were used throughout the zone.

31 Feb 201
1 Mar 201(
31 Mar 201(
1 Apr 201(

SCADA Measurement (1 Month)

Customer 1 - Meter Reading 2010/3 ‘
| Customer 2 - Meter Reading 2010/3 |

Customer 3 - Meter Reading 2010/3

Customer 4 - Meter Reading 2010/3

Figure 6.4 SCADA Measurements and Corresponding Ctismer Readings for one Month

As stated, the errors are introduced from beginrind ending of the monthly periods. To
reduce this effect, a long period of time can baswatered. By this way there still will be errors
coming from the edge of months, but their sharthéntotal will decrease. When considered monthly,
every customer’s reading will be out of SCADA bosnilvhen a longer period is considered, only
January and December readings will be out of ye8@ADA measurement’s bounds. All the other
consumption readings from February to November bélreflected in SCADA measurements (Figure

6.5). This helps to determine the revenue perceritag better way with the available data.
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31 Dec 200
1 Jan 201
31 Dec 201
1 Jan 201

SCADA Measurement (1 Year)

Customer 1 - Meter
Reading 2010/1

Customer 2 - Meter
Reading 2010/12

Customer 3 - Meter Reading
2010/1

Customer 4 - Meter Reading
2010/12

Figure 6.5 SCADA Measurements and Corresponding Ctismer Readings for one Year

The records for consumptions have been integrasdsiated above) beginning from 1st
period of 2008. The consumptions for each custaanerkept under three columns for each period.
Two of these columns are the beginning and endays @f reading periods, and the third column is
reserved for the collected metering data in terfmrmeter cubes. The precision of the readings are in
meter cube level. Unfortunately, an inevitable pief error is introduced to the collected datehit t

stage, by rounding up or down the water meter readi

The data obtained shows that a proper record kgems been done from 2009 until now.
The improper records in the first 12 months are tugome absences in beginning and ending dates
for periods. After 2009 ®i period, there are not any missing data in theriegg and ending date
columns. In Table 6.2 a sample record from the @18ntalya Water and Wastewater Administration
is given. The original database is reordered andmgd into five categories defined by the author fo
visual simplicity (PART A to PART E).

In PART A, key values about the identity of the tomser is given. ABONE NO defines the
unique ID for the customer and it never changeb witnsumers moving in or out to the address. In
other words, this unique ID is tied to the addregere the consumption is being done. Typical
address and contact information are being recardéte related fields. Type of the customer is give
in two fields, one in ABONE TURU (as predefined esdor quick fetching from the database) and
the other one in ABONE TURU ACIKLAMASI (for printwd purposes). Lastly DURUM field
defines the status of the customer whether watectisely being used or account is suspended due to

some reason.
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PART B contains fields about the water meter. disntification number, brand and type of

the meter and the meter’s installation dates airgglrecorded in these fields.

PART C is the only part that is being updated ragulin monthly intervals due to
consumptions. Every month three new columns areddal the database, which keeps the record of
the consumption period’s beginning date, ending daid consumed water volume. Additionally, in a

separate field, the average of all consumptiondeiry calculated and updated every month.

PART D contains all the GIS related data. Mosthef &ddress data recorded in this part is
also kept in predefined codes for possible GlSgirsttons. The most valuable field in PART D is
CBS ABONE NO. In this field, unique IDs for the hlihgs are being kept. By using these unique
IDs, a quick integration between the monthly congtiom values and the building layer in GIS (or
node layer in the water distribution models) isgilole to make. Also pressure zone’s (or DMA’s) IDs

are being recorded in this part.

Lastly, in PART E, necessary administrative dataefach customer is recorded. These data
contain tax information, sewerage details and dedqaired by customer relations department’s water

meter reading crew.

Table 6.2 A Sample Record from the CIS of ASAT

PART A — IDENTIFICATION

ABONE NO 195755
ABONE ALT NO 1
ABONE ISMI SEVKET YARIMBAS
ABONE TURU 1
ABONE TURU ACIKLAMASI EV ABONESI
ADRESI ARAPSUYU MAH 646 SOK NO:37 D7
EV TELEFONU 2299999
IS TELEFONU
CEP TELEFONU 5324777777
E-MAIL ADRESI
KOMSU ABONE NO 20020354
DURUM A

PART B — WATER METER DATA
SAYAC NO 16532
SAYAC MARKA CBAY-B
BINA IC SIRA 1
LKABONELKVERL TARH 01.03.2005
ABONE BA LANGIC TARH 01.03.2005
KAPANI TARH

PART C — CONSUMPTION DATA
ABONE TUKETIM ORTALAMASI 10,42
2010-4 ILK TRH 10.03.2010
2010-4 SON TRH. 12.04.2010
2010-4 M3 11
2010-5 ILK TRH 12.04.2010
2010-5 SON TRH. 12.05.2010
2010-5 M3 9
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Table 6.2 Continued

PART D — GIS DATA

CBS ABONE NO 195755
CBS ZON NO 2
ADA 3747
PARSEL 7
ILCE KODU 3
ILCE ADI KONYAALTI BELEDIYESI
BELDE NO 1
BELDE ACIKLAMASI MERKEZ
MAHALLE KODU 7
MAHALLE ADI ARAPSUYU MAH.
SOKAK KODU 38
SOKAK ADI 646 SOK.
SITE
BLOK
APARTMAN MANOLYA APT.
DIS KAPI 37
DAIRE NO 7
EV SAYISI 1
ISYERI SAYISI 0

PART E — OTHER ADMINISTRATIVE ISSUES
DEFTER 368
DEFTER ACIKLAMASI ARAPSUYU-3
SAYFA 104
SIRA 102
CTV VAR MI? 1-Var 0-Yok 1
KANAL VAR MI? 0-Yok 1-2-3-4 Var |1
KANAL ORANI 0,30
KANAL TARIHI 01.05.2006
ZON NO 368
BINA TAKIP NO 119

6.2. Zone 6 Studies

Zone 6 of Konyaalt network is one of the 18 didtrnetering areas explained above. Zone 6
has 344 buildings registered in the customer in&diom system (CIS) at the time of this study. The

total number of customers is given as 1800 in tt& C

The DMA is fed by a pump station located in Bgay and a storage tank located in Hurma
(Figure 6.6).
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Deep Well Bodacay
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To Zone 6

Hurma Water
Storage Tank

f

Figure 6.6 Simplified Schematic Drawing of KonyaaltWater Transmission System and Zone 6

Entrance

The diameter of the transmission line betweenphi®p station and storage tank varies from

@400mm to @800mm. Zone 6 and most of the other WAD take one branching pipe from this

transmission line and serves to a district aregu(iei 6.7).

Bogacay
Pump
Station i

Hurma Water

Storage Tank
i
i3

Figure 6.7 Distribution Main of Konyaalt and Branching Pipes of 18 DMAs



6.2.1. Data Sources

6.2.1.1.Geographic Information Systems

6.2.1.1.1. Pipes

The name of DMA has two alternatives that are beised by the ASAT staff. It is named as
zone 6 by the GIS crew, as metering point 70 bySGADA crew.

The main transmission line within the DMA is an @&tm HDPE pipe, and it serves to an
approximately 8800m of secondary pipes. The digtidin of lengths of the pipes is given in the table
below (Table 6.3). It can be seen from the tabst transmission mains are mainly @200mm and a
small amount of @225mm pipes. In addition, a majodf the street network consists of pipes

between @90mm and @150mm pipes.

Table 6.3 Pipe Diameters and Pipe Lengths in Zone 6

Pipe Diameter (mm) Pipe Length (m)
50 156.0
63 233.7
75 361.3
90 1842.9
100 907.6
110 4380.3
150 962.6
200 1851.1
225 39.3

Total 10734.8

It is stated previously that pipe materials in Aysgawater distribution network consist of
various types. Similar situation is present in tBigIA, namely zone 6. The material distribution is
given in the table below (Table 6.4). It is seeatthecause of the rehabilitation studies done én th
study area, most of the old pipes are renewed RME pipes. A relatively small amount of asbestos

cement pipes (ACB) are planned to be cancelledloatto low durability to pressure and due to water

quality risks.
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Table 6.4 Pipe Materials and Pipe Lengths in Zone.6

Pipe Material Pipe Length (m)

Steel 27.9
Galvanized 46.9
Unknown 149.0
PE 161.7

Asbestos Cement 385.8
HDPE 1884.2
PvC 8079.4

Total 10734.8

The result of a more detailed tabular analysis iieerg below indicating the diameters,

materials and their lengths in this network (Tehg).

Table 6.5 Pipe Diameters, Pipe Materials and Pipedngths in Zone 6

Diameter (mm) Pipe Material Pipe Length (m)
50 PE 156.0
63 Galvanized 46.9
63 PVC 186.8
75 PVC 361.3
90 PVC 1692.6
90 Asbestos Cement 150.3
100 PVvC 758.6
100 Unknown 149.0
110 PVvC 4374.6
110 PE 5.7
150 PVC 705.3
150 Asbestos Cement] 235.5
150 Steel 21.8
200 HDPE 1851.1
225 HDPE 33.2
225 Steel 6.1

Total 10734.8

6.2.1.1.2. Fittings

On the fittings layer there are 58 valves and & fiydrants all of which are suitable to use.
These isolation valves are examined one by ondefig¢ld. Some old valves were seen to bleed very
little amounts of water out of the system. In Idegm studies, these leaks can sum up to big amounts

However, as these valves are working properly, nmgathey can be completely closed or opened
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without affecting the flow; the Administration inhwilling to spend money and time to renew them.

After all, these small leaks remained unrepaired.

Another important aspect for the isolation valvesswthe existence of three isolation valves
that were isolating zone 6 from two neighbouringesy Zone 2 and Zone 8. It is necessary to keep
these three isolation valves closed at all timesabse the neighbouring zones are under different
pressure values. If any of these isolation valessain partially or fully open, then unaccountedexat
may enter to or exit from the system. In more camp@nd rough topographies, borders of pressure
zones are mostly determined by elevation, but inyéalt , the topography is very flat. Consequently,

pressure zone borders are determined by isolatibres that remain closed at all times.

Before the study, it was noted that the DMA had sateficiency in terms of valve numbers
and placements. In the technical brochures of thapenent used on the field, Sepem 01 leak noise
loggers, it is given under the “recommended digdpetween loggers” title as 300 — 500 meters for
metallic pipe material, and 50 — 100 meters fostitapipe material (Web 3). To be on the safe side,
and by considering the major pipe material, whghPVC, it is assumed that the devices will work
within a limit of 50-meter range on the field. Byaking a buffer analysis to draw 50-meter diameter
circles around valves, it was seen that most ohttevork remained outside of the effective range of
the noise loggers. In conclusion, at ten diffeq@ates of the network the administration was advise
to place valves and connect some of the dead greb [id the nearest pipe available to ensure the
sound of the leaks will travel to a wider distanddministration was convinced and constructed eight
of the ten connections in a short time period. Toithe advised connections were not made because

of the complexity of the electricity and telecomrimation network at the construction points.

The administration was also advised to place 3%egat different places of the network. 11
of them were placed while constructing the ninensmtions stated above. However, the other 24
valves were not placed because they were mosthanstreet intersections but in the mid point of
street lines. These kinds of valves remain ineiffecin terms of isolation of pipes at street levigie
ineffectiveness is due to the existence of valvesdraet intersections. The situation is explaibetler
in Figure 6.8. In the figure, dots indicating pneisealve locations and possible recommended valve
places are seen. The buffer circles around valves58 meter in diameter. Valve at the street
intersection controls the whole street. New valwisremain ineffective as their job of isolatinbet
street is done better with the present valve. Iditamh, placing valves at regular distances on the

network may be an expensive job.
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Figure 6.8 Recommended Valve Places and Their Effiace Areas

The figures below show the situation of the netwoekore and after the maintenance works
(Figure 6.9). Before the maintenance, network hadalves, after the suggested construction works

number of valves increased to 58.
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Figure 6.9 Valves and Their Effective Areas Beforand After Constructions

6.2.1.2.Customer Information Systems

Upon investigating the CIS database, it is founttbat there are totally 1782 customers in
zone 6 of Konyaalt. These customers are beingleass in 344 buildings according to the customer
relations department’s data. However, in the boddiayer generated by GIS department, there are
392 buildings. Remaining 48 buildings are eitheilddogs that use water mutually with some
neighbouring building (commonly seen in shacks)using wells instead of city’'s water distribution
network. Therefore, these kinds of customers dohaoe a separate customer IDs. Consumptions
generated by mutual users are reflected to the iwsvneeter, and consumptions of private well users

are out of interest for this study.

6.2.2. Calculating Water Loss Percentages

Water loss percentage calculation is studied indasects throughout this study. First aspect
is calculating monthly revenue ratios with the help SCADA and CIS data. Second aspect is
comparing minimum night flow of the region to theal consumption. Extensive explanations are

given in Section 5.4 theoretically. During fieldidies, the procedures given in Section 5.4 ardexppl
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in both aspects. They are explained in Section®2@8.2and 6.2.2.2. Results obtained after the field

studies are also summarized in Section 6.2.5.

6.2.2.1.Monthly Revenue Aspect

This calculation can be done in monthly periods/dter meters are being read in monthly
periods, which is the usual situation. In additiar,explained in previous sections, it containsesom
amount of error if the SCADA system and CIS aremetnt to work cooperatively. In addition, this
calculation cannot determine whether the lost wiateevenue loss (illegal water usage) or a physica

water loss. Resulting calculation gives the reasithe sum of all losses.

Procedure explained in Section 5.4.1 is applieddoe 6 and for 2010'%period (before the
field works). The water flow index on 1 March 20@0:00 is 23560 m3 and on 31 March, 23:59 is
59970 m3. The difference is 36410 m3, which is ¥beume of water entering to zone 6 during the
dates mentioned. The time period is 31 days. Awtatpily supplied flow is 1174,52 m3/day. The
sum of all 1782 customers’ averaged daily usag@687 m3/day. This means that with all the errors
considered, about 63% of the supplied water is twsly 37% of the supplied water can reach to end
users. This percentage is called as monthly revenue

After the field works applied in zone 6, the saraiglation is done. This time the volume of
water entering to the zone is 30988 between 1 April and 30 April. Its daily averagealue is
1032,67 m3/day. On the other hand, during 20%(pdriod, the sum of customers’ averaged daily
usage is 457,84 m3/day. Applying the same procedieemonthly revenue is found out to be 44%,
increasing by an amount of 7%. As explained, thiz@dure involves a considerable amount of error.
Therefore with the help of previous consumption &@ADA records, monthly revenue ratios are
calculated from 2009"period (roughly between 1 June 2009 — 31 May 2016} tabulated results
and their graph are discussed in Results section.

6.2.2.2.Minimum Night Flow Aspect

As explained in detail in Section 5.4.2, minimurghtiflow value theoretically represents the
amount of physical water loss of the network. Corimgathe minimum night flow value to the daily
usage of the region gives a water loss ratio. Asothly data source is SCADA, this percentage can be
calculated for any time period. However, daily lasdculations should be considered for consistent

results.

SCADA records are investigated day by day and &mheday, total water volume entering to
zone 6 is determined. It is then compared to tiostl water volume that is the minimum night flow
occurring at that day, which is leaking for 24 louBraphical meaning of this is the ratio of theaar
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below minimum night flow level over the daily dentbecurve area.

As an example, the daily demand curve in Figur@ 6&n be considered. It is the actual daily
demand curve of zone 6 on 23 March 2010. The aneleruthe minimum night flow line is the
amount of water lost throughout the day and cader®ted by letter “B”. On the other hand, the total
area is the total volume of water entering to a Dbk a day, denoted by “A+B”. Water loss
percentage (L%) is formulated in Equation 6.1 belbwthis example, minimum level is at 32.5 m3/h
but this is a value changing from day to day in lfmmounts. As the study area is a tourist area,
theoretical minimum night flow may not be obseratéll. There is a consistent night usage everyday
by some consumers. Consumptions occurring at ligtet tours tend to decrease towards morning
hours but most probably, their usage hours ovesliip those who wake up early and generate usage
at early morning hours.

As mentioned in Chapter 5, minimum night flow shdittte variations during the day due to
changes in pressure. However, in the case stutlisssariation is ignored and minimum night flow is
assumed as constant.

B .
L(%)=——-="100 6.1
)= a

Daily Demand Curve of Zone 6 — 23 March 2010

90.0

80.0

::: r—\u!_"\ul_\ n

RSB =Nat VA /A

i —— A ——.

z:: Minimum Night Flow = 32.5 m %/h D )
' )

Discharge (m3hr)

10.0

0.0

o o o o o o o o o o o o o o o o o o o o o o o o

© © © © © © © © © © © © © © © © © © © © © © o o

o - N ™ < 0 o N~ © (2] o - N ™ < n © ~ © o o - N ™

o o o o o o o o o o - — — - - — - - - - [aV) [aV) N N
Time

Figure 6.10 Sample Daily Demand Curve of Zone 6 Stwing Minimum Night Flow before the
Study

Calculations for zone 6 are done before and afterfield works. Before the field works,
minimum night flow in the system was at 3G/mlevel. Corresponding water loss ratio was around
65%. After detecting the leaks and repairing théra,minimum night flow decreased to 26/mlevel
and water loss ratio decreased down to an averfdsfed. However, a short time after the repairs,
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both minimum night flow and water loss percentagewsed an increase. This is an indication of new
leaks at either new repaired points or other weaktp in the water distribution network. This tofsc

discussed in detail in Results section.

6.2.3. Forming Sub-DMAs

In zone 6 network of Konyaalt , with the help ofasneonnections and new placed valves, the
DMA was divided into 8 sub-DMAs (Figure 6.11) oretplans first. Then the theoretical borders were
verified by closing boundary valves on the fielas &transmission line, the @200mm PE pipe is used.
Seven out of 8 sub-DMAs consisted of branches pégiwhich are fed by this main pipe. The eighth
sub-DMA covered an area of houses that are direxthnected to the main transmission line. First
seven sub-DMAs are controlled with their entranabves. Whenever one of the valves is closed, the
associated sub-DMA is left without water. The vakentrolling last sub-DMA is on the main

transmission line. Therefore, if it is closed, thigole DMA is shut down.

Figure 6.11 Sub-DMAs in Zone 6 of Konyaalt Network

6.2.3.1.Prioritizing sub-DMAs by Step Tests

Although the flow data is recorded by the SCADAtsys, the measurements were recorded
manually by checking the flowmeter instrument’s glalocated at the DMA entrance (Figure 6.12).
At this panel, real time flow, pressure and watealify values can be observed. The SCADA
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system in Antalya is configured in such a way tleéignges in flow or pressure at measuring points
are not transmitted to the central SCADA unit ustone tolerance limits. If flow or pressure values

change more than that limit, then the new valueaissmitted to centre. By this limitation, it isreed

to minimize the transmission traffic and therefarmimizing the possible scrambles that may occur
in the transmitted data. However, setting suchndt lprevents the operator to see small changes
occurring in the system. Therefore, the only wayg wause flowmeter's panel to see and record the
changes occurring for a reliable study.

Figure 6.12 Manually Recording Discharge Values fnm Flowmeter's Panel during Step Test

The step test is performed on 1 April 2010 betw82r00 — 05:00. The main reason for
testing between these hours is that the neighbodhdArapsuyu and Kkava are mainly
residential areas. There are some touristic faglibut as the date of measurements were in April,
very limited tourist activity was present in thegi@n. As a result, minimum nightly usage occurs
between these hours. Sub-DMAs are shut down irotler 2 - 7 —3 -4 — 1 — 5 — 6. Valve at the
main entrance that controls the eighth sub-DMAdsshut down because after shutting seventh sub-
DMA, zero flow value is reached at the flowmeteccArding to the valve closing steps following
tabulated results are obtained (Table 6.6). Intamithe corresponding graph is given in FiguriE36.

As seen from the graphical results, most of theewbkgakage is measured at sub-DMAs 4, 5 and 6
with leakage amounts 8m3/hr, 14m3/hr and 12m3/Bpeetively. Therefore, they are the weakest
regions of zone 6 according to the closing stepltes
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Figure 6.13 Water Losses in sub-DMAs Determined b§losing Valves

Table 6.6 Tabular Results of Flowmeter Values durig Valve Closing Steps

Discharge Read From

Closed Sub-DMA Flowmeter (mé/hr)

All Open 44

2 39

38

38

30

26

12

o 0|k |~ W

0

Valve-closing actions ended around 03:30 and Zew Values are reached as expected. To
check the results, valve-opening actions startealvéé were opened slowly to minimize possible
transient effects. Opening order of the valves &as5 — 1 — 4 — 3 — 7 — 2. At around 05:00 all the
sub-DMA entrance valves were opened, and the n&twas returned to the state before the step test.
Obtained results are given in Table 6.7 and Figutd below. If the results are examined, it wowd b
seen that the priorities of the sub-DMAs are inoadance with the results of valve closing actions.

The weakest zones are 5 and 6 as they are in thadxi results. Sub-DMA 4 seems one of the weak
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sub-DMA in valve-opening test but the oppositelia valve-closing test. Rest of the sub-DMAs are

relatively stronger sub-zones when compared tods6an

Step Test - Opening Process
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Figure 6.14 Water Losses in sub-DMAs Determined b@losing Valves

Table 6.7 Tabular Results of Flowmeter Values durig Valve Closing Steps

Opened Sub- Discharge Read From
DMA Flowmeter (ms3/hr)
All Closed 0
6 13
5 25
1 27
4 39
3 39
7 39
2 42

As a result, sub-DMAs 4, 5 and 6 are grouped akwaead the other sub-DMAs are grouped
as relatively strong DMAs. Looking at the numbervaives at each sub-DMA it was concluded that
in two days, it would be possible to sweep the whmdne 6 by using leak noise loggers. As there

were a limited number of loggers first day shoutdspent on scanning sub-DMAs 4, 5 and 6. Rest of
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the sub-DMAs can be scanned the other day.

6.2.4. Locating Physical Water Losses

6.2.4.1.Forming Buffer Areas for Leak Noise Loggers

After prioritizing the sub-DMAs, zone 6 is dividedto two regions that are going to be
swept one after other with leak noise loggers. BMAs 4, 5 and 6 are given first priority for leak
detection study, sub-DMAs 1, 2, 3, 4, 7 and 8 avergsecond priority. Number of valves in each

sub-DMA are given in Table 6.8 below.

Table 6.8 Number of Valves in Sub-DMAs

Sub-DMA Number of Valves
1 9
2 2
3 6
4 10
5 8
6 7
7 4
8 8

With the equipped 20 loggers, sweeping study was$ fone in sub-DMAs 4, 5 and 6 on
01.04.2010. The loggers were programmed to recosdiple leak noises between 02:00 and 05:00 in
10-second intervals. They are programmed to seadettorded data to the master unit, the day after
between 10:00 and 12:00. While collecting the deden the loggers one by one, master unit gave
warnings at valves where possible water leakagletiscted. According to the technical details of the
data loggers, minimum sound level must be much tgrethan zero. Additionally, frequencies
between 50 Hz and 100 Hz are treated as possiblgtzaund noises and it is said that they do not
come out to be leaks usually. The Operation Instvas booklet also states that low frequency values
indicate leaks far away, high frequency levelsdaté nearer leaks. Lastly, third parameter, width o
the measurements should be low to indicate a gaabsorement with a low interference noise. Noises
that satisfy these three conditions are reportggbasible leakage and a warning is transmittedhéo t
operator. At the same manual, it is written in bitidt “A leak alert is not a guarantee that a lisak
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actually present” (Web 3). Therefore, other studiesuld be done in order to pinpoint the leak spot.

Forming buffer areas around logger placed valvepedds on the idea of determining
effective leak detection areas of loggers. Accaydim the technical details of the equipped loggers,
their effective leak detection distance is betw&@mnd 100 meters as diameter, on plastic pipas. Th
is stated as “recommended distance between loggacgbrding to Thornton (2002), this distance
can be as low as 10 — 15 meters for plastic pipesmetallic pipes, he states effective distaneas ¢
be as high as 1000 meters, but recommends a catiservalue of 250 meters for an upper limit.
Additionally, he recommends a value for asbestosere and cement pipes between plastic pipes and
metallic pipes. These values recommended by Thorate direct distances from leak to listening
point so they should not be treated as a diamétante. Taking into account these recommendations
given by Sewerin and Thornton, two buffer layere &wilt around logger placed valves, with
diameters 20 meters and 50 meters taking into deraion the worst cases. With these buffer layers,
logger effective pipes and logger ineffective pifieshe network are easily determined. The results
can be seen in Figure 6.15, Figure 6.17, Figur®,&=igure 6.21, Figure 6.24 and Figure 6.26.

Considering 20-meter buffer areas, it is hard tp lsak noise loggers are useful for the
network of zone 6. That is because; loggers can gogery little portion of the network. As expected
in sub-DMA 6 loggers do not scan for leaks atduie to very long distanced pipes without any valves
on them. In rest of the sub-DMAs, the picture ismach different. Only little portions of the netvko
on street intersections are believed to be scanrfealiotal length of pipes that are logger ineffect
is 7847 meters. It corresponds to 73% of total pgueyth in the network. According to these data,
suggested study is to sweep the logger ineffeetieas with ground microphones. However, it seems
better to use only ground microphones and sweepeiltiee network without spending money and

time on leak noise loggers.

According to 50-meter buffer areas, a larger partibthe network is believed to be scanned.
However, sub-DMA 6 is still suffering from lack efalves. Sub-DMAs excluding 6 are in better
condition when compared to 20-meter buffer areadpgger ineffective areas are much less. Total
length of logger ineffective pipes is 7229 metédtr&orresponds to 67% of the total network length.
When these percentages are compared, it seemdleetsiuse leak noise loggers with ground

microphones together.

As a result first day at 2 points water leak naigre detected at valves 27066, and 27169
with the logger serial numbers 3603 and 3605 (#&rand alert #2). Same study done on 01.04.2010
is repeated on 05.04.2010 with the remaining val8esond day results were 5 leak noise alerts with
logger serial numbers 3596, 3606, 3612, 3622, &4l Jalert #3 to alert #7). Detected points are

shown in figures below. As a next step for leakppinting, ground microphoning is applied.

Alert #1: Noise Data logger with serial number 3é®®laced to the valve at the intersection

of 6" Avenue and 551street. According to the GIS layer pipes are steel PVC with diameters
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@150mm and @90mm. The valve that is used duringdttia logging process is given a unique ID
number of 27066 (Figure 6.15). In the figure, tlosiion of the valve is seen with the 10m radiugd an
25m radius buffer areas. Pipes inside the bufietes show the maximum possible effective distance

of the logger according to the criteria discusdeava.

Figure 6.15 Noise Data Logger with Serial Number 38 Placed On Valve #27066 and Its
Corresponding Effective Areas

As it can be seen from the Figure 6.16, theredsrestant noise on this logger between 02:00
and 05:00 that never drops below 163. This noiggeigerated with a frequency value 634. The value
for width indicates the quality of the measuremet] it is relatively small compared to the other
loggers distributed the same day. It indicates@gueasurement with a small margin for errors. The
only drawback in this measurement is that the “ktimin level” value is rather small. It may indicate
a leak that is not very close to the valve. Foretaited investigation, scanning with the ground
microphone along east and west th/enue and towards north in 554treet was scheduled.
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Figure 6.16 Details of Logger with Serial Number 383 Placed On Valve #27066

Alert #2: The logger having a serial number of 3@placed on the valve with ID 27169 on
the intersection of 585and 55% streets. Below in Figure 6.17 the position of tlaéve is seen. In
addition, the corresponding buffer areas with 1@emand 25 meter radius can be seen too. Pipes at

this corner are coded as @110mm PVC pipes.
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Figure 6.17 Noise Data Logger with Serial Number 3% Placed On Valve #27169 and Its
Corresponding Effective Areas

Figure 6.18 Details of Logger with Serial Number 385 Placed On Valve #27169

Above, it is given the output figure for the loggeith serial number 3605 (Figure 6.18). It

gives the minimum level as 258, which is a littlghter than the previous logger but still a low eois
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Frequency is reported as 888 Hz. Width is givei@ which is a low value indeed. It indicates that
the measurement is done with low interference.ifi@ probable leaks, a ground microphoning study

was scheduled on these two streets.

Alert #3: Leak noise logger with serial number 36@s placed on the valve with ID 39681
at the intersection of"6avenue and 6%9street. The pipes are PVC and HDPE with diameters
differing from @110 mm to @200mm. In Figure 6.1%¢ee logger placed valves are seen. Only logger
on valve #39681 reported probable leak alert (RiguR0). At the same time, that valve is the one,

which is used while making one of the advised caotioss.

Figure 6.19 Noise Data Logger with Serial Number 3% Placed On Valve #39681 and Its
Corresponding Effective Areas
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Figure 6.20 Details of Logger with Serial Number 386 Placed On Valve #39681

Alert #4 and Alert #6: At the intersection of 528nd 555 street there are three valves given

in Figure 6.21. Around each valve correspondinddsudireas are seen. Three loggers were placed at
these valves. Two of them reported a leak aldres€ two loggers (3606 and 3622) were placed on
valves #27102 and #27104. Logger resulting grapbgiaen below in Figure 6.22 and Figure 6.23.
Logger 3606 resulted with a minimum level 697 whsrbbgger 3622 resulted with 423. With a quick
judgement, if the signal is coming from the samerse it has to be nearer to logger 3606 than 423 as
its minimum noise level is higher. The frequencjuea are 269 and 333 respectively so this result
strengthens the conclusion that is reached by amguthe source is same for these loggers. The

measurements are done with little interferenceidfthvvalues 146 and 104 are considered.
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Figure 6.21 Noise Data Loggers with Serial Number3606 and 3622 Placed On Valves #27102
and #27104 and Their Corresponding Effective Areas

Figure 6.22 Details of Logger with Serial Number 386 Placed On Valve #27102
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Figure 6.23 Details of Logger with Serial Number 382 Placed On Valve #27104

Alert #5: Alert 5 is reported by logger #3612 orlvea#31903. Alerting point is inside the
borders of sub-DMA 2. The valve is located on AtktBoulevard, which is a highly crowded road at
daytime and night hours. The @75mm PVC pipe thabisnected to the @110mm PVC pipe on the
boulevard passes through parcels as seen in FégR4e This pipe is probably going to be cancelled
out later on. In Figure 6.25 the reported graphhgysoftware is presented. Minimum level is seen as
886, which is a high value compared to other aléttnay be interpreted as a leak that is not so fa
away. Frequency of this measurement is reporte@bébiz and width is reported as 260 which is a
little higher than the other measurements. Havimgdih higher than others can be explained with a
higher interference noise as the valve is locatecadbusy street. Ground microphoning study is
specially scheduled for a night listening to oveneothe daytime traffic noise. Other alert points do

not need to be listened at night because absadlate smoments can be reached during daytime.
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Figure 6.24 Noise Data Logger with Serial Number 3 Placed On Valve #31903 and Its
Corresponding Effective Areas

Figure 6.25 Details of Logger with Serial Number 362 Placed On Valve #31903

Alert #7: 7" alert was reported on the intersection of "s%d 538 streets. At this
intersection, there are two valves one on J110mibesies cement pipe to the west, other one on
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@110mm PVC pipe to east. Alerting logger having be3641 was placed on the valve having 1D
39582, which is on the asbestos cement pipe (Fi§L2®). Despite being valves next to each other,
the alerting sound was not detected by the othlggrdoplaced on valve 39579. Reported measurement
results are minimum level of 613, frequency of 492 and width of 107. These values can be
interpreted as a leak that is within a fairly ndetance. With a width value of 107, low interferen

noises are the case again (Figure 6.27).

Figure 6.26 Noise Data Logger with Serial Number 38l Placed On Valve #39582 and Its
Corresponding Effective Areas
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Figure 6.27 Details of Logger with Serial Number 361 Placed On Valve #39582

6.2.4.2.Ground Microphoning in Logger Ineffective Areas

Ground microphoning is applied to zone 6 just aftex logger study. Listening is done
around leak sounding valves first. Listeners usdtkeetheir field experiences or aligned themselves
by looking at the valve positions on the asphatfaie in order to locate the network. All listening
study is done by moving just on top of the pipestdied investigation results for the seven data
logger alerts are given below.

After having realized ground microphoning at thergpoints, remaining listening schedules
first focused on sub-DMAs 4, 5 and 6, because éiselt of the step test pointed these sub-DMAs as
the weakest regions. If correlation study coulgehbeen done, that would be a guide way for the
listening study. As that study is skipped, listenstudy focused directly on alerting valves. After
listening the valves, nearby network may have beépped based on the idea that loggers already
listen the nearby network to some extent. Howeweebé¢ absolutely sure about the leaks in the
network of zone 6, the entire network was scanniéid ground microphones focusing first on the sub-
DMAs stated above. Listening study of the wholeeztasted for three days.

With the careful examination of the listening staffert 1 turned out to be the noise coming
from the zone isolation valve with ID 27069 thatsisparating zones 6 and 2. The point is on the
border of sub-DMAs 4 and 8. It can be attributedbath of the areas. After ground microphoning the
isolation valve, the staff made a judgement thatuhlve does not fully close itself and therefdre i

lets water passage from zone 6 to zone 2. Movelgeint this way because zone 2 is a different
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system working under a constant reduced pressuPeQdbars. However, zone 6 is under an average
pressure of 5 bars. These two systems are sepdmatdts valve and it should be left closed at all

times. A construction was scheduled related with ¥alve to be changed with a new one.

For the case of alert 2, the point is inside subAD® When the ground microphoning crew
listened the related valve, they detected a lealkhdoHowever, a more careful visual examination
revealed that the valve was bleeding out water ftbm sealing part of the valve (salmastra in
Turkish). The amount of water that is leaking goni the system is very small indeed but the naise i
generates is not negligible. So within the helpnofse data loggers, a broken valve was found.
Nevertheless, as stated in sections above, then&tration was not willing to replace these kinds o
working valves. Indeed, these kinds of leaking galwill affect the reliability of water loss studie

the future. The leaking noise may mislead the dpesavhile searching for bigger leaks.

Alert 3 was on 8 avenue, on one of the new connected valves. Tim isanside sub-DMA
1. Despite having a leak alert from the noise diaggers, ground microphoning crew did not detect
any leak noise with their equipment. As a resul/imere was excavated because a recent excavation
was done for the connection, and it is concludethbyadministrative staff that if there were a laak

would have been seen when the excavation was tpkaceg.

Alerts 4 and 6 took place at the same location. dlheing of the three valves was very close
to each other. They were just in front of a pulzden inside the borders of sub-DMA 2. One of the
pipes is passing through the garden towards noett-w.istening crew scanned the area surrounding
these valves, but did not catch a leak sound agamo pinpointing of any leakage was possible, no
place for excavation could be determined.

Fifth alert was on the logger with the highest minm noise level and highest interference.
This point is in sub-DMA 2. Listening study was d@oat night during 24:00 and 00:01. The
boulevard’s traffic reduces to a sensible leveterms of noise after 24:00. Despite listening entir

road over the network, listening crew was unablgitgoint a leak at this location.

Leak 2: For the case of seventh alert, by caré$teéding with the ground microphones, a
leak was pinpointed in front of Diker Apartmentidtan apartment located in the sub-DMA 3. This
time, pinpointed leak spot stays in the presumeud 2&dius effective area of the leak noise logger.
This leak was detected on an @110mm asbestos cqripniat two pipes’ connection point. This
failure is said to be seen at almost every asbestwgent pipe connection. The failure is fixed wth
piece called “collar repair clamp” (hazr tamir gas in Turkish). The whole pipeline was not
renewed with PVC pipes, so this remaining asbestosent pipe remains as potential water leakage
point (Figure 6.28). This resulting leak is namedlzeak 2” in this study.
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Sut-DMA 3

Figure 6.28 Position of leak spot and nearby loggeffective areas.

Ground microphoning the logger ineffective areasulted in four more water leak

detections. Resulting leaks 1, 3, 4 and 5 are égdan detail below.

Leak 1: Water leak is detected by the ground micoojng crew on 5Zistreet, in front of
Elif Apartment that is inside the borders of sub-BNs. The failure occurred on the PE house
connection with a diameter of @40mm (Figure 6.29).the sewerage network was constructed after
the water distribution network in Antalya, some evdines were displaced in the field. While making
displacements, most of the house connections wepeoperly renewed and made potential water
leakage spots. This leakage case was interpretiédtiws explanation. House connection pipe was
used to be directly connected from the street éohbuse, but while sewerage network was being
installed, a manhole was placed on top of the haosmection pipe. So the house connection was
improperly renewed with spare parts turning arotirel manhole to the house entrance. The points

where spare parts exist became weak points anddunto water leakage points with time.
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Sut-DMA 5

Figure 6.29 Position of leak 1 and the nearest vavocation with effective areas.

Leak 3: This leak was detected on the interseatfo®59" and 66 streets on an @90mm
PVC pipe. It has no nearby valves so it cannot éteaded by noise data loggers (Figure 6.30). The
leak spot is located in sub-DMA 4. While making ty@und microphoning study, on 6&@treet,
near the leakage, some water bleeding through shbadt surface was seen. It indicated a probable
leak point but it looked like the water that mawéaeen spilled from the sprinklers in the public
garden just beside the leakage point. After makimg ground microphone survey, the leak is
pinpointed and excavation is done. After the extawua the reason of the failure is seen at the
connection point of the PVC pipe with the nearby ftfie. The heads of the pipes were improperly
connected and through time, this weak spot becaméeak spot.
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Sut-DMA 4

Figure 6.30 Position of leak 3 and the nearby valweith its effective area

Leak 4: Despite being in the logger effective arehis leak was not detected by the noise
data loggers. It is pinpointed by the ground mitxaging crew at the intersection df @venue and
657" street (Figure 6.31) in front of Aile Apartment.is a failure occurred on the house connection,
which is a galvanized @32mm pipe. The reason whydbgers did not detect the nearby leakage can
be explained by a set of mistakes that are madagitine digitizing operations. As explained at the
beginning of this chapter, digitizing of all the Us® connections are done either by field crew’'s
knowledge or by pipe detectors if the pipes areaitiet In this case, the door of the apartmentris o
6" avenue but on 687street. So by mistake, it is assumed that theehoaenection was connected to
the @110mm PVC pipe on 68%treet. Nevertheless, as the connection is knanpet galvanized
iron, the utility locator device is used to chedtle tcorrect place of the house connection. The
connection is traced with the pipe detector anehdoout to be connected to the @200mm HDPE pipe
that is on & avenue. Also during the excavation, it is seer tha pipe is not buried but passes
through a cement pipe. This is probably done tdopigp the service life of the galvanized iron pipe.
However, according to the picture it was not socsessful at all. The wrong position and correct
position of the galvanized pipe is seen in Figu@l6Another thing seen in the figure is that the t
pipes on the B avenue and the pipe on 65%treet are connected to each other with a sefies o
connections. Therefore, a data logger placed owmevaR7137 should be able to detect the leak
occurring on the HDPE pipe (namely leak 4). Howewes there are too many connecting pieces
between the pipes and valves, the noise generatide: deak spot weakens as it travels to the data

logger vanishing at some place between. With tbisection made on the house connection, Aile
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Apartment was understood to be in sub-DMA 8 nosub-DMA 4. The whole house connection is
renewed with a PE pipe as the galvanized iron pigéed at several point and was not a usable pipe

anymore.

Sut-DMA 8

Figure 6.31 Leak spots 4 and 5 and the nearby dataegger’s effective area.

Leak 5: This final leak pinpointed by the grounctrophones was only 50m west of tHg 4
detected leak spot off'@venue which is a leak spot in sub-DMA 1 (Figur@l. The pipe is given in
the GIS layer as @150mm PVC but after the excanaifcdhe pinpointed spot, the pipe was found out
to be asbestos cement. The noise that the listeméwg got was so weak that they were not so sure if
there is a leak or not. During the excavation,fipe was found at around 2 meter deep. This explain
the weakness of the noise generated at the leak Bip® failure is just the same as the one faced in
leak 2. The two asbestos cement pipes were imgdsopennected to each other. They were not in a
straight line but making an angle of approximately with each other. This made the connection a
weak spot, and it turned into a leaking point wittime. The failure is fixed with a collar repalamp
(Figure 6.32).
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Figure 6.32 Collar Repair Clamp

6.2.5. Results

To overcome the water losses in zone 6 of Konyaalter distribution network, step testing,
noise logger placements and ground microphoningjesuare applied on the field. The total duration
of the study was 2 weeks (10 working days). Theesamdy could be made possible in a shorter
period with more noise data loggers, more groundraphones and more operators. However,
spending less than a week on a DMA may lead torfioja results.

As most of the pipes are plastic in the networkse&alata loggers are effective only to a
small extent. Accordingly, most of the study shooddmade with ground microphones. This means a
lot more ground microphones should be purchasedname operators should be trained. The GIS
layers have many mistakes in them that affect tatemloss study deeply. This should be overcome
by training experienced personnel that are resptsily for a well-defined area (a pressure zane,
few pressure zones or maybe a complete districith Wis method, the responsible personnel will be
in charge of all the events in the area and wilifkéhe GIS layers up to date. In the case of Aataly
the responsible personnel are the people that thevealve and network knowledge and that are in
charge of shutting the water of any region. Unfoatiely, they do not have an engineering

background so they may have difficulty working bothfield and on projects. They prefer to use their
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own knowledge that depends on past experiencesm@iS system or printed projects.

The daily demand curves obtained from SCADA gaverination about a minimum night
flow of 28 — 30 m3/hour before the study ( Fig6t83 and Figure 6.34). It was detected ip ste
tests that most of this flow was occurring in sul&s 4, 5 and 6. Unfortunately, with almost no
valves on sub-DMA 6, no water leakage points cinddletected. In total, 5 leak points and an out of
order valve was detected. This zone border valve stait down, and the five leak spots were fixed

neatly. As a summary, a table is given for leaks their corresponding sub-DMAs (Table 6.9).

Table 6.9 Leaks, Their sub-Zones and Repair Dates

Leaks Sub-DMAs Repair Date

Out Of Order Valve| Between 4 and 805.04.2010
5 06.04.2010

2 3 07.04.2010

3 4 07.04.2010

4 8 09.04.2010

5 8 09.04.2010

To see the effect of each leak, daily demand cwhtined from SCADA between
04.04.2010 and 09.04.2010 should be examined @ré&ig.33 through Figure 6.38).



Daily Demand Curve of Zone 6 - 04.04.2010
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Daily Demand Curve of Zone 6 - 05.04.2010
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Daily Demand Curve of Zone 6 - 06.04.2010
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Figure 6.35 Daily Demand Curve of Zone &1 06.04.2010
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Daily Demand Curve of Zone 6 - 07.04.2010
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Figure 6.36 Daily Demand Curve of Zone én 07.04.2010
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Daily Demand Curve of Zone 6 - 08.04.2010
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Figure 6.37 Daily Demand Curve of Zone én 08.04.2010
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Daily Demand Curve of Zone 6 - 12.04.2010
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Figure 6.38 Daily Demand Curve of Zone @én 12.04.2010
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It is seen from the daily demand curves that BroBApril ( Figure 6.34), the effect of
renewing the isolation valve made an increase encimsumption that should not occur. This is an
unexpected result because as this faulty valveriswed, the neighbouring pressure zone with lower
pressures would not be fed from this point anym®tee only reasonable explanation for this case is
that after renewing, the valve was accidentally &ifjhtly open. Therefore, a rise in the minimum
night flows occurred from 32.6ms3/hr on 05.04.2010%00 a.m. to 34.8m3hr on 06.04.2010 at 03:30

a.m.

On @" of April, leak #1 was fixed on sub-DMA 5. Moreoyghe minimum night flow is
decreased from 34.8 m3/hr to 31.9m?3/hr at the fiesy night on 07.04.2010 at 02:35 a.m. Therefore,

this leak corresponded to an approximate waterdb2s9 m3/hr.

Oon 7" of April, two leaks were fixed, namely leak #2 a#8 on sub-DMAs 3 and 4
respectively. With these leaks fixed a huge amaidirdecrease occurred in minimum night flow of
zone 6. It decreased from 31.9 m3/hr to 23 m3/h0®®4.2010 at 05:15 a.m. This means that these
two leaks corresponded to an approximate waterdb89 m3/hr.

On 8" of April, two more leaks were fixed, namely leak #nd #5 on sub-DMAs 8. With
these leaks fixed, some more decrease is observathimum night flow of zone 6. It decreased from
23 m3/hr to 21 m3/hr on 12.04.2010 at 05:20 a.nis Tieans that these two leaks corresponded to an
approximate water loss of 2 m3/hr.

Totally, the five leaks and one faulty valve sumnopdo an 13.8ms3/hr decrease in minimum
night flow meaning a decrease in water loss of z&n&/ithin two week’s time, major water leaks
were found and fixed in the zone. Most of the remmgj leaks are believed to be in sub-DMA 6. It is
one of the largest sub-DMAs in the zone and it imuch-uncontrolled area as it has too few valves

and too long pipelines.

Some of the remaining leaks are very little drilsbéé water that cannot be heard with any
instrument (background leakage). The administragilems to build a pressure reducing valve at the
entrance of DMA in order to minimize these verylditwater losses by pressure management. A
similar study is being applied at the neighbounimgssure zone named Zone 2. In this zone, pressure
is reduced at the entrance of the DMA from an ayeref 5.5 bars down to a stable level of 2.9 bars.
By doing so, minimum night flows of the area deseefrom around 55 m3/hr level down to 40 m3/hr
level. This operation can be applied easily tozbee because there is not a topographic limitdation
the zone meaning almost every customer is at time $apographic elevation. So reducing pressure to
a minimum level does not affect the consumers.dduijs higher than 4 floors are forced to use their
own pumping system (with small booster pumps) edpartment regulated by law.

Minimum Night flows in the DMA showed a significadiecrease after the completion of
repairs. Parallel to this decrease, daily totaliw@ of water entering to the zone decreased tos. Th
indicates prevention of physical water losses iBea®d. From 1 March 2010 to 1 June 2010 below is

a table (Table 6.10) summarizing the effects ofdfiworks on water losses. Minimum night flow
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values on 27 March, 1 April and 13 April are noaligtic values because at those nights step tests
were performed (these values are given in italim). the field, zero flow values were reached but
SCADA system did not record those values maybe usmcaf waiting for short periods when the

whole DMA was waterless.

Table 6.10 SCADA Summary Table for Zone 6

. - Total Water
ther M|n|mum Minimum Lost Loss /
Date Days Enteringto Night Flow Flow
Zone 6 ()  (m%h) Time ~ Water Total Flow
(m°) (%)

15.Mar.10| Mon 1150 32.3 06:25 774.00 67.30¢4
16.Mar.10| Tue 1106 30.2 04:25 724.95 65.54{7
17.Mar.10| Wed 1194 29.6 04:10 710.25 59.48b
18.Mar.10| Thu 1150 30.7 02:05 736.88 64.07p
19.Mar.10| Fri 1150 33.5 03:10 804.00 69.918
20.Mar.10| Sat 1200 27.8 04:35 667.88 55.656
21.Mar.10| Sun 1200 35.5 07:05 851.25 70.938
22.Mar.10| Mon 1160 28.2 03:30 676.50 58.31p
23.Mar.10| Tue 1146 325 02:45 780.00 68.0603
24 Mar.10| Wed 1244 34.2 05:00 820.88 65.98J7
25.Mar.10| Thu 1200 30.4 03:05 730.50 60.87p
26.Mar.10| Fri 1191 30.0 03:50 721.18 60.548
27.Mar.10| Sat 1159 7.6 04:05 183.38 15.822
28.Mar.10| Sun 1150 30.3 05:25 726.75 63.196
29.Mar.10| Mon 1300 37.3 04:45 894.75 68.82)
30.Mar.10| Tue 1163 31.4 04:15 752.63 64.714
31.Mar.10| Wed 1257 37.4 05:25 897.75 71.420
01.Nis.10 | Thu 1190 20.3 03:10 486.75 40.903
02.Nis.10 | Fri 1290 34.6 01:50 830.86 64.40y
03.Nis.10 | Sat 1250 34.7 05:05 833.63 66.690
04.Nis.10 | Sun 1300 32.8 05:15 787.50 60.577
05.Nis.10 | Mon 1294 32.6 04:55 783.00 60.51p
06.Nis.10 | Tue 1216 34.8 03:30 834.75 68.64{7
07.Nis.10 | Wed 1084 31.9 02:15 764.63 70.53f7
08.Nis.10 | Thu 1016 23.0 05:15 552.38 54.36B
09.Nis.10 | Fri 1040 24.8 02:15 594.38 57.151
10.Nis.10| Sat 982 22.5 02:45 539.25 54.918
11.Nis.10| Sun 968 22.7 07:05 544.13 56.2111
12.Nis.10 | Mon 1020 21.0 05:20 504.38 49.44p
13.Nis.10 | Tue 980 15.3 02:35 367.50 37.500
14.Nis.10 | Wed 950 20.1 02:15 481.50 50.68%
15.Nis.10| Thu 950 30.2 05:50 724.50 76.26B
16.Nis.10 | Fri 1000 20.5 04:00 492.38 49.238
17.Nis.10| Sat 1048 23.5 01:50 564.38 53.853
18.Nis.10 | Sun 1002 20.9 05:15 501.00 50.040
19.Nis.10 | Mon 1000 21.5 05:00 516.75 51.67p
20.Nis.10 | Tue 926 24.1 02:25 579.38 62.56B
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In Figure 6.39 below daily total water enteringzone 6 is shown in continuous lines. It
shows a change between 1108hmand 1300 rfih from day to day before the study. After fixitige
leaks, this value drops down to 908/m- 1000 nh level. Dashed line indicates the daily minimum
night flow values. They are oscillating betweenngh and 35 nifh before the study; however, they
drop down to 20 m3/h after the study.

Within two weeks time the water entering to the Diglfows an increase an amount of 50 m
to 100 m. Also minimum night flow values show an increa$aloout 5 nh. These increments may
be an indication of new leaks on either recentpamed-spots or totally different weak spots. From
another aspect, it may be explained as no minimight flow occurs in some days in this DMA.
Minimum night flow amounts changing every night targe values point an explanation of no

minimum night flow occurrence.

To look at Figure 6.40, the decrease in water pessentages can be seen too. On the graph
there are three sharp drops on dates when ste@reegierformed. They should not be taken into
account. For other points, it is seen that the mats percentage is between 60% and 70% before the
study. It shows a drop of 10 points for two weekerathe study. Towards the end of May, the loss
value climbs up a 5% becoming values between 55806&f06. These results again show indications

of new leaks.
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Figure 6.39 Total Water Entering and Minimum Night Flow Values vs. Days
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Water Loss Percentages (%)
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Figure 6.40 Water Loss Percentages vs. Days
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To compare the revenue ratios before and aftestindy, SCADA and CIS data are used
cooperatively. A resulting table (Table 6.11) andigure (Figure 6.41) are provided below for
historical inspection of revenue percentages oiféerdnt revenue periods. The calculation formulas

are given at the top row for each column.

It is seen that in summer period, the daily averagter entering to zone 6 is around 1200 -
1300 ni/day. With the decreasing population to winter rheptwater consumption decreases and
daily average water entering to zone 6 decreas@8de- 1000 riiday. The effect of repairing leaks is
seen on April and May periods with a consistendgréasing water entrance to the zone. On March,
36000 m3 water was pumped into the zone wherea&poih and May this value dropped down to
30000 m3. So a water loss of approximately 600@veas prevented per month.

In the CIS part, it is seen that in each periodlt®venue shows seasonal variations. Higher
revenues in summer periods and lower revenues lmewiperiods are observed. With these CIS
provided values compared to SCADA data, monthlyenexe percentages are obtained. Comparing
values of March, April and May, it is seen thatrthés an increase of 7% in April and 3% in May.
Some of this increase is due to the repairs ofde#k addition, some of the increase is due to

increasing revenues due to summer season.

Similar comments can be made from Figure 6.41.drhph indicates increasing revenues in
summer months and decreasing revenues toward wirtter only exception is in December period.
The reason for this exception may be the shortag&CADA data. SCADA data is reset 6 times at
different days in December. There are similar gtg®s in other months but at this data shortageg the
are long periods of time which there are no SCAR#achvailable. With the best approximation done,
the total water entering to zone 6 in Decembemisutated as 27820 Inwhich shows a significant
difference from November and January. Thereforis, goint in December stays a possible outlier in

the whole dataset.
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Table 6.11 Monthly Revenue Percentages

SCADA DATA

CIS DATA

Water Entering to

Average Daily Water Entering

Period's Total

Daily Average

Monthly Revenue

Dates Days Zone 6 (m3) to Zone 6 (m3) Period Revenue (m3) Revenue (m3)| Percentages (%)

A B C D=C/B E F G H = 100xG/D
01.06.09 - 30.06.09 30 36700 1223.33 2009/6 15942 530.57 43.37
01.07.09 - 31.07.09 31 41000 1322.58 2009/7 18495 609.10 46.05
01.08.09 - 31.08.09 31 40430 1304.19 2009/8 23068 645.23 49.47
01.09.09 - 30.09.09 30 32690 1089.67 2009/9 14135 584.96 53.68
01.10.09 - 31.10.09 31 35489 1144.81 2009/10 16228 537.14 46.92
01.11.09 - 30.11.09 30 37971 1265.70 2009/11 14008 484.51 38.28
01.12.09 - 31.12.09 31 27820 897.42 2009/12 14135 445.15 49.60
01.01.10-31.01.1Q 31 32300 1041.94 2010/1 13459 421.62 40.46
01.02.10 - 28.02.1Q 28 31430 1122.50 2010/2 11163 407.88 36.34
01.03.10 - 31.03.10Q 31 36410 1174.52 2010/3 12051 436.87 37.20
01.04.10 - 30.04.10Q 30 30980 1032.67 2010/4 14981 457.84 44.34
01.05.10 - 31.05.1Q 31 30650 988.71 2010/5 14364 473.15 47.85
(01.06.09 - 31.05.10) 365 413870 1133.89 220005(;75- 182029 - 43.98
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6.3. Zone 2 Studies

After completing the studies on zone 6, to seeeffects of pressure management over water
leakages, a similar zone is picked for further EsidSecond case study is performed on this DMA
namely zone 2. The most important property of DA is the pressure management regulation that

is being applied since 2009 August. With the SCABAd CIS data available, it is possible to
investigate the water leakages in this zone:

Without any pressure reduction
With pressure reduction only
Pressure reduction combined with locating and §xivater leakages

Zone 2 is another member of the Bgay Pump Station — Hurma Water Storage Tank

system. It is located northeast of zone 6 stilisiganext to Mediterranean shores (Figure 6.42).

Figure 6.42 Zone 2 and 6 with Their Neighbouring Zpes
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6.3.1. Data Sources

6.3.1.1.Geographic Information Systems

6.3.1.1.1. Pipes

Just like zone 6, the name of DMA has two altexessti It is named as zone 2 by the GIS
crew and as metering point 68 by the SCADA crewneZ® will be used throughout the text.

The main transmission line within the DMA is an @1%m PVC pipe, and it serves to an

approximately 12000 m of secondary pipes. Althotlgre are @200 mm pipes in the network, they
were not used as the main feeder pipe becausentiaérial is asbestos cement and they are being
cancelled out whenever possible. The lengths opipes are given in the table below (Table 6.12).

Table 6.12 Pipe Diameters and Pipe Lengths in Zorie

Pipe Diameter (mm) Pipe Length (m

63 369,8
90 1019,4
99 98,4
100 1770,7
110 5512,2
150 2081,3
200 1072,0

Total 11923,8

Pipes in this DMA consist of four different matdsiaThe material distribution is given in the
table below (Table 6.13). As the rehabilitationdstus still going on in this area, most of the gipe
were renewed with PVC pipes, and asbestos cempes pire being planned to be converted to PVC

as soon as possible.

Table 6.13 Pipe Materials and Pipe Lengths in Zoné.

Pipe Material Pipe Length (m)
PE 365,1
Asbestos Cement 907,5
HDPE 1731,5
PvC 8919,7
Total 11923,8

12z



A more detailed table is provided for this DMA shog diameters and materials of pipes
(Table 6.14). The most remarkable thing in thidgadnd Table 6.12 is the 99 mm diameter pipes.
This shows a typical example of an incorrect dattering go the GIS layers. As there is not a
standard pipe diameter of 99 mm, those pipes ntégrebe 100 mm diameter pipes or belong to a
group whose diameters are not exactly known. Ihd¢hsae, “99” is the arbitrary entered value, maybe

to be corrected in the future.

Table 6.14 Pipe Diameters, Pipe Materials and Pipeengths in Zone 6

Diameter (mm) Pipe Material Pipe Length (m)
63 PVvC 369,8
90 PVvC 1019,4
99 PVvC 98,4
100 PvC 1473,5
100 HDPE 88,3
100 PE 134,5
100 Asbestos Cemen 74,4
110 PVC 41431
110 HDPE 1138,6
110 PE 230,6
150 PVC 1815,4
150 Asbestos Cemen 265,9
200 Asbestos Cemen 567,2
200 HDPE 504,6
200 PvC 0,2

Total 11923,8

6.3.1.1.2. Fittings

According to the GIS data, there are 65 valves &iffide hydrants in zone 2. Due to time
limitations, these valves were not examined oneri®yon the field. They were only examined shortly
while noise data loggers were being placed on thsoording to those examinations, most of them
were in good shape and serves to the administiatisreds. They might have small leakages like in
zone 6 but they are not separately considered asrwueaks in this study. Possible small leaks

contribute to the overall leakage sum.

As stated before, zones 2 and 6 are connectedcto @ather with an isolation valve that is
kept closed at all times. The reason for this islypg different pressure regulations in these DMAs
While working in zone 6, this isolation valve wasabvered to be faulty and it was renewed.
Therefore, with this action it can be said that immsm isolation is obtained between these two zones

working under different pressures. By this restitp zones can be separately examined by their
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SCADA and GIS records in terms of water loss pesages.

6.3.1.1.3. Buildings

For the topography of zone 2, same things can idensth zone 6. They are almost similar in
terms of topographic elevations showing almost hange. The most important difference between
zone 2 and zone 6 is that they work under diffepgassures. The two DMAs are being fed from the
same system, but at the entrance of zone 2, wéthelp of a pressure-reducing valve (PRV) pressures
are reduced from an average value of 5.5 barsctatant level of 3.0 bars. Minimum pressure that
has to be supplied by the water administrationswskarge variations due to lots of factors like
topographic elevations, number of floors of thediogs in that area etc. As the topographic elevati
differences can be ignored in this DMA, the consatlen of number of floors gains importance. With
the available GIS data an analysis on floor numbgétke buildings is done. The first results areegi
in Table 6.15.

Table 6.15 Number of Floors and Buildings in Zone 2

Number of Floors Number of Buildings
1 15
2 19
3 133
4 77
5 19
6 18
7 15
8 18
9 12
10 7
11 3
12 1
13 1
16 1
50 5
—9999 130
Total 474

The first things to be noted in this table are hgwa 50-floor building, which is not a correct
thing, and having a sum of 130 buildings with -9%@®&rs, which mean their values were not entered
to the system. Buildings having floors up to 16 elpserved at the DMA so the rest of the data seems
correct. To overcome these data inconsistenciesfdliewing assumptions are made. 50-floor
buildings are ignored as they consist only aroutddf the total data. “-9999-floor buildings”
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were distributed to the other buildings proporticeetheir percentages in the total data. The tewgyl
distribution is given in Table 6.16.

Table 6.16 Corrected Number of Floors and Buildingsn Zone 2

Number of Floors Number of Buildings Percentagey (%
1 21 4,42
2 26 5,6
3 184 39,23
4 107 22,71
5 26 5,6
6 25 5,31
7 21 4,42
8 25 5,31
9 17 3,54
10 10 2,06
11 4 0,88
12 1 0,29
13 1 0,29
16 1 0,29
Total 469 100

As seen in the table, more than 70% of the buiklimgve number of floors between 1 and 4.
With the majority of the buildings being like this,pressure of 3.0 bars is considered adequateeby t
administration. Buildings having higher number lofofs will face low-pressure problems, and some
of them will not even have water in the top flooFar this situation, the administration applied a

procedure explained step by step below:
Without any warning, the pressure is reduced frobrbars to 3 bars in the DMA.

Low pressure and water shortage complaints arategpby the customers to the telephone
support lines of ASAT.

Those complaining customers are warned to instdister pumps at the entrance of their
apartments to solve their pressure problems. Theseings were done according to the
related rules of ASAT and Greater Municipality afitalya.

The pressures in the DMA were released to 5.5 fiard month to let the complaining

customers install their booster pumps.
At the end of one month, the pressures were penmntigneduced to 3.0 bars.

With this procedure, the administration meets thaimum pressure requirements, which
may exist as a legal written document or a practicke, and decreases the water leakages in the

DMA considerably. Also regulating pressure to canstvalues provides the users constant quality
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water at all times of the day. The disadvantagedficing pressures is, hiding some of the watdslea
from detection as the leaks are directly relatedyisiem’s pressure. However, the problem is solved
by releasing pressure while working in the zonddeak detection purposes and reducing the pressures

after locating and fixing the leaks. The studiesudtihis concept are explained in the next chapters

Unlike zone 6, the administration was not advigeddnstruct any new connections or install

new valves in zone 2. The studies are performeddrDMA without any step test applications.

The DMA has two big streets crossing each otheeyTtlivide the DMA into three nearly
equal pieces (A, B and C), which are seen in Figu48. These regions are taken as the basis of the
field works. It is planned to work on parts A, Bda@ for one day each. Total studying time is plahne
as five days, so for the remaining two days all éixeavation and water leak repair studies are

scheduled.

Figure 6.43 Zone 2 Divided Into Three Pieces

6.3.1.2.Customer Information Systems

Zone 2 of Konyaalt network is one of the two néigbring zones of zone 6. Zone 2 is larger
than zone 6 in terms of both area and populatid8. )l€cords state 3025 customers located in 474

buildings. In zone 6 the corresponding values Vi&@0 customers in 344 buildings.

The structure of CIS is exactly the same with zénas they are both a part of the same
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database.

6.3.2. Calculating Water Loss Percentages

Water loss percentages are computed through twectsfor zone 2. Compared to the case
for zone 6 the SCADA records are carefully investigl to catch the pressure reduction date and time.
According to the records, after warning the custenabout the new regulations, pressure is reduced
from 5.5 bars to 3.0 bars in two stages. On 12 Au@009 at 11:30, pressures were reduced to 3.5
bars. After some time on 28 September 2009 at 1@fssures were finally reduced down to 3.0
bars. These actions deeply affected water losseptages in both monthly revenue aspect and

minimum night flow aspect.

6.3.2.1.Monthly Revenue Aspect

Procedure already explained for zone 6 is apptiezbhe 2 gathering the necessary SCADA
and CIS data. Before the pressure reduction, revepercentage in the zone was around 55%
(meaning a revenue loss of 45%) while after thesquree regulation revenue percentage increased to

70% level (meaning a revenue loss of 30%)

Similar comments can be made by looking at the mgnwater meter indexes. Before the
regulation, monthly water entering to the zone &a$0000 i level on the other hand after the
regulation this value reduced down to 45000ewel. It clearly states that water leaks are cedtjust

by getting rid of the excess pressure at the zairarce.

After the field works there has been some furth@prbvements in the water leak

percentages. They are discussed in more detdieiResults section.

6.3.2.2.Minimum Night Flow Aspect

Similar to zone 6, daily demand curves are invastid. This time, they are investigated in
more detail, especially considering July, Augugipt8mber and October of 2009 to see the effect of
pressure reduction alone. Three daily demand cuarepicked to see the stages of water loss. Three
of the curves were picked from Fridays. The dates 31 July 2009, 21 August 2009 and 2 October
20009.

31 July 2009 curve (Figure 6.44) represents a sardply (Friday) without any pressure
regulation. Pressure oscillates between 5 barsbahdbars. The minimum night flow value is 65.1

m*h in this sample day with unreduced pressure. Magri flow values reach up to 120%m
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maximum consumption hours. With the proposed proredcalculation of water loss percentage
yields up to 69.5%. That calculation was done kgpprtioning the area under minimum night flow
line to the total area under the daily demand c(@B/€A+B)). On this day, a total volume of 225 m
water passed through the water meter at the ertr@afidMA according to SCADA records.

Deily Demand Curve of Zone 2 — 31 July 2009
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Figure 6.44 Sample Daily Demand Curve of Zone 2 Stwing Minimum Night Flow on 31 July
2009

For a comparison, another Friday just after thet tage pressure regulation is picked. That
day is 21 August 2009. As seen in that curve (Fidgud5) pressure is reduced down to 3.6 bars with
little oscillations through the day. With the retlon of pressures, minimum night flow value
decreased down to 47.7°fm immediately. When compared to 31 July 2009, Whiteans a loss of
17.4 ni/h is prevented. Calculation of water loss peragatar this day results in a loss percentage of
64.2%. That is a prevention of 5.3% water losHKing at the peak hours, it is seen that peak hour
discharges reduced to 9G/mlevel. For comparison, a total volume of 1785water passed through

the water meter on this day. From this value, it ba seen that a reduction of 46%ancurred in the
water indexes.

In the Figure 6.45, one thing draws attention fbat is the interruption of both discharge
and pressure values at around 02:00. This prolbbabbns an energy shortage or a data transmission
failure. In 30 — 45 minutes time the data comektgain and reports the values as before. In fact,
SCADA records obtained from ASAT are full of shgga and missing data values like this. Most of
the small shortages are corrected through thisydtycdconsidering the nearest values before and afte
the missing values. However, in this case the alged are left uncorrected to illustrate an example
about the problem.
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Deily Demand Curve of Zone 2 — 21 August 2009
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Figure 6.45 Sample Daily Demand Curve of Zone 2 Stwing Minimum Night Flow on 21
August 2009

Taking a step further and reducing the pressutbeoDMA down to 3.0 bars, had an effect
on the SCADA values as expected. The selected sadayl is again a Tuesday, 2 October 2009. The
curve shows again a decrease in minimum night flgvigure 6.46). The reduction is not as much as
the previous action but it is still valuable. Minim night flow this time is 38.7 ffh. That means a 9
m/h more decrease in the losses. This final decreases the water loss percentages 58.1%. 1600

m? is the total volume of water entering to the DMA 2 October 2009.

As seen from the Figure 6.46, pressure values tatgilized to 3 bars with very little

oscillations which may be ignored when comparegré&vious situations.
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Deily Demand Curve of Zone 2 — 2 October 2009
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Figure 6.46 Sample Daily Demand Curve of Zone 2 Stving Minimum Night Flow on 2 October
2009

Considering these three days alone, 26%hmecrease in minimum night flow is obtained.
650 ni/day decrease in volume of water entering to DMAdkieved. Overall, a decrease of 11.4% is
obtained in water loss percentages. All these &ehients are done without fixing any leaks in the

system but only reducing the pressure with the belpPRV.

To summarize all of these operations, followingpirain Figure 6.47 and Figure 6.48 can be
considered. Figure 6.47 illustrates the three difie day's values in the same graph. In the other
figure, with the historical values, the drop of mimm night flows with the reducing pressure is
clearly seen.
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Minimum Night Flows vs Pressures
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Figure 6.47 Minimum Night Flows vs. Pressure UndePRYV Effect
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Figure 6.48 Decrease of Minimum Night Flows with ta PRV

6.3.3. Forming and Prioritizing Sub-DMAs

Unlike zone 6, no sub-DMA formation is done in tietwork of zone 2. Instead, the DMA is
virtually divided into three parts with the two anes; 8 avenue and "7 avenue while studying
(Figure 6.43). Virtually dividing means no valveolition actions done to divide the DMA. This
division is only for practical purposes. At eackidéd region, one day's of working is done with the
noise data loggers. This lead to a quicker sweegpirige DMA when compared to zone 6. Of course,

this choice brought its disadvantages with it. Mogtortant disadvantage is that no step test cbeld
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performed which in the other zone. Therefore, withmaving an idea about which part of the network
is the weakest part, water leak detection studieparformed.

6.3.4. Locating Physical Water Losses

6.3.4.1.Forming Buffer Areas for Leak Noise Loggers

As no sub-DMA formation studies are done, buffealgsis is done on the whole valve layer
with again 20 m and 50 m diameter values. By pawitigntion to cover the maximum area using up
to 20 noise data loggers, candidate valves weresechéor logger placement. As the network suffers
from the same problems as zone 6 (having mostlstiplgipes, long dead end connections, etc.),
noise data loggers are effective up to a certatergx At the point where data loggers become
ineffective, ground microphoning crew will step im. Table 6.17 number of valves and number of

loggers placed in each artificially divided regie given.

Table 6.17 Number of Valves and Loggers Placed inafie 2

Region | Number of Valves Number of Loggers Place¢d
A 28 20
B 17 12
C 20 16

Total 65 48

Before starting field works in zone 2, SCADA cenisanformed to deactivate the pressure-
reducing valve at the entrance of the zone. Wiih alstion done, a higher pressure will be present i
the system which will make the water leaks flovhigher amounts and generate higher sounds. When
the leaks generate higher sounds and vibrationt) bEak noise logger devices and ground
microphone devices will be able to detect and piniibe leaks better.

According to the SCADA records, the pressure isastd to its normal level on 12.04.2010
at 14:20. With this action, water entering to z@nend minimum night flows of the zone increased in
high amounts.

With the equipped 20 loggers, data logger study firas done in region “A” (east of"7
avenue and north of"savenue) on 12.04.2010. The loggers were progranmmeetord possible leak
noises between 02:00 and 05:00 in 10-second idgerr@suring similar conditions done in zone 6.
They are programmed to send the recorded dateeton#ster unit, the day after between 10:00 and

12:00. On 13.04.2010, 16 more loggers were placeggion “C” (west of ? avenue and north of's
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avenue). Finally, on 14.04.2010 12 loggers weregsan region “B” (south of'5avenue).

In region A, three leak alerts were received froggers #3605, #3645 and #3612. First two

of these pointed the same point. These alerts maareed as alert 8, alert 9 and alert 10.

In region C, three more leak alerts were receivedhfloggers #3652, #3641 and #3625.

These alerts are named as alert 11, alert 12 and1al.

Finally, in region B, one leak alert was receiveahi logger #3622. This is named as alert
14. These 7 alerts are explained in detail beloviterAcollecting these leak alerts, ground

microphoning studies are performed. Those studiegxplained in the next section.

Alert #8 and Alert#9: Three data loggers were @thon three different valves located on
625" street, in front of “Hotel Starlight” as in Figufe49. Two of these data loggers reported leak
alert. These two loggers have the serial numbeb 36@ 3645. Their corresponding noise graphs are

given in figures below (Figure 6.50 and Figure §.51

Figure 6.49 Noise Data Loggers with Serial Number3605, 3608 and 3645 Placed On Valves
#20814, #20854 and #20815 with Their Correspondiriffective Areas

In this measurement, the third data logger didraoeive a leak sound. It can be interpreted
as the possible leak is either on @150mm PVC pipendd90mm PVC pipe, as they are not directly
connected to the valve that did not receive lealndo The effective area of logger #3608 may not
include the leak spot either. Another interpretatian be the use of 90-degree elbow and reduction
fittings may have an effect on the fading out & tbak noise. As seen from the figure, there aue fo

different pipe diameters at the intersection paanil there has to be some diameter reductiong#tin
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in the connections. These fittings may have reddicegound of a possible leak.

Figure 6.50 Details of Logger with Serial Number 385 Placed On Valve #20814

Figure 6.51 Details of Logger with Serial Number 385 Placed On Valve #20854
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When looking at Figure 6.50 and Figure 6.51, iasy to say that the possible leak point is
nearer to valve #20854 as its minimum sound lesel794 whereas from valve #20814 only a
minimum sound level of 424 is recorded. In addititvere is a big difference in the frequency values
Valve #20854 seems to point a leakage better tlahre \#20814 by having a frequency of 523 Hz.
Width values are better in $20814 therefore itomding has less interference and represents a bette

recording quality.

The ground microphone studies cleared this spotaafehk was found. It is explained as

“Leak 7" in the next chapter.

Alert #10: The logger having the serial number ®3is placed on the valve with ID 31910
on 600" street, in front of Villa Park Apartment. Below Figure 6.52 the position of the valve is
seen. In addition, the corresponding buffer areidis ¥#0 meter and 25 meter radius can be seen too.

Pipes at this corner are coded as @110mm PVC afd@ HDPE pipes.

Figure 6.52 Noise Data Logger with Serial Number 3 Placed On Valve #31910 and Its
Corresponding Effective Areas
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Figure 6.53 Details of Logger with Serial Number 362 Placed On Valve #31910

Above, it is given the output figure for the loggeith serial number 3612 (Figure 6.53). It
gives a minimum level as 159. Frequency is repaaed22 Hz. Width is given as 191. According to
the minimum level value, the possible leak is @ithesmall leak or it is at a distance away from the
valve. To find and pinpoint the probable leak, augrd microphoning study was scheduled. While
studying at this place, it was also seen that dlsweer puddle in front of the next buildingn€i
Saray Otel). As the puddle was inside the gardemas thought of an accumulation of water because
of watering the plants. Still it was noted as agius leaking spot. After the ground microphoning

studies the leak was found. It is discussed inildesd’Leak 6” in the next chapter.

Alert #11: Leak noise logger with serial number 3&&as placed on the valve with ID 27070
on 6" avenue (Figure 6.54). This valve is the valvéhatdonnection point between zone 6 and zone 2.
During the studies in zone 6, a nearby valve pdimtat this valve to be faulty and the administratio
decided to install a new valve assuming that faidty. After renewing the valve and shutting it, a
possible connection between these two pressureszmgeassumed to be blocked. However, during
this last data logging study, the valve soundee #Keak sound. This time the minimum sound level
exceeded the noise data logger's ranges and retardeaximum level of 3000 with a frequency 761
Hz (Figure 6.55). This situation first lead to aodtlght that if the valve was left slightly open
unintentionally after the construction studies.pfove this, the isolation valve was checked and see
that it was closed firmly. Then the field staff &BAT warned the ground microphoning crew about

the pipeline located there is not buried to theugtbdue to the bridge over the creek at that point.
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Finally the sound being recorded is interpretethasenvironmental sound hitting the pipeline under
the bridge and being detected at the noise datpetog

Figure 6.54 Noise Data Logger with Serial Number 3 Placed On Valve #27070 and Its
Corresponding Effective Areas

Figure 6.55 Details of Logger with Serial Number 362 Placed On Valve #27070

Alert #12: At the intersection of 655street and ' avenue, noise data logger with serial
number #3641 is placed on the valve. There are @t04110mm and @150mm PVC pipes and
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@150mm asbhestos cement pipes at this place (FigLs®). Placed logger reported a leak alert
depending on the measurements of minimum level38R1a high value and frequency level of 761
Hz. The width value showing the quality of measugamis 240, which can be considered as a
moderate value (Figure 6.57). According to thesailts, a water leakage seems almost certain in
nearby locations. However with the ground microphgnstudies done carefully on this location,

operators were unable to pinpoint a leak spot. These not able to hear a water leakage with their
devices. So nowhere at this intersection was exedva

Figure 6.56 Noise Data Logger with Serial Number 3Bl Placed On Valve #27259 and Its
Corresponding Effective Areas
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Figure 6.57 Details of Logger with Serial Number 341 Placed On Valve #27259

Alert #13: Alert 13 is reported by logger #3625 tbe intersection of 5avenue and 660
street. At this intersection, there are totallyethvalves located on the pipes as seen in Figdig 7.
Three noise data loggers were placed on these svélweonly logger #3625 reported a leak sound
with a graph shown in Figure 6.58. This might beeiipreted as the possible leak may be either on
@150mm PVC pipe to the west, as the sounding vialtlee only valve on that pipe, or the leak may
be on the @200mm HDPE pipe towards north in a pthae only #3625 can hear its sound not the
other two. This can be supported by having a plssétak at the other end of 6D6treet, which is a
case explained in alert #10. However a distancearoind 100m between these two locations
invalidate this thought as sound of a leaking $pobt seen to travel this much of a distance astt
pipes as far as in this study. With a relatively lminimum sound level of 303 and a frequency level
of 365Hz the possible leak seems to be small oafay from the valve (Figure 6.59). After getting
these results, a ground microphoning study wasopedd. Even though listening the nearby streets
with more effort than usual listening, no sign ofvater leakage was heard by the operators. No

operations were performed at this place.
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Figure 6.58 Noise Data Logger with Serial Number 3% Placed On Valve #20716 and Its
Corresponding Effective Areas

Figure 6.59 Details of Logger with Serial Number 385 Placed On Valve #20716

Alert #14: Last alert was reported on the inteisecof 603" and 607 streets in front of a
mosque named “Deniz Kenar Cami” (Figure 6.60)ttAs place, five different pipes intersect on two

different points. Similar to the previous situati@mly one of the three placed loggers reportesh |
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sound. This logger had the serial number of #368&ording to the theoretical buffer areas
generated, the leak may be present towards th® §&et (on @110mm HDPE pipe) or towards the
unnamed street which goes to the mosque entrarid@(@m PVC pipe).

Having a low minimum noise level of 315 may indedhat the leak is at some distance
away from the valve. The measurement had a verywalth value of 62 (Figure 6.61). This states a
good quality measurement. Scheduled ground micraplycstudies revealed this alert and a leak was

found on F100mm PVC pipe. This is explained as K.&&" in the next section.

Figure 6.60 Noise Data Logger with Serial Number 38 Placed On Valve #21037 and Its
Corresponding Effective Areas
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Figure 6.61 Details of Logger with Serial Number 382 Placed On Valve #21037

6.3.4.2.Ground Microphoning in Logger Ineffective Areas

Ground microphoning is applied to zone 2 when tiggér study was still running. This is
done due to time limitations. Applying logger firsthd according to their results running ground
microphone studies requires more than a week’s éismthe DMA is larger. To cover the whole area
in five working days, logger study and ground mpaironing were applied as concurrent events. As a
matter of fact, logger effective areas were alsmeed with ground microphones. The thing to note at
this point is that, ground microphoning study dat nbviate data logger studies. Data logger studies
cleared the way for ground microphoning studiesd around microphoning studies helped
pinpointing of the leaks as a supportive actiongémeral terms, the methodology was applied on the

field completely.

Although running both data logger and ground mib@png studies at the same time, only
two thirds of the zone could be listened with thierophones. These regions are A and B (Figure
6.43). For region C, an agreement was done withwiier authorities of Antalya, to schedule the
ground microphoning crew as soon as possible befer@ressures are reduced again. Unfortunately,
listening of region C was done about one monttr latel with reduced pressures. This is figured out
by exploring through the previous SCADA recordse Tinessure was released while working with the
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noise data loggers. Moreover, this release lastedneek (7 days) only. After 7 days, the presssire i
reduced to 3.0 bars and it was not released dtiimglays when region C is said to be listened. This
deeply affected the study as no leaks are founrdgion C. During the logger studies combined with
ground microphones in regions A and B a total afder leaks are found and repaired. This event
also proved that under high pressures it is eatsiefind leaks. With 5.5 bars, both ground
microphones and data loggers are able to detdctslmands. However when this pressure is reduced
to 3.0 bars, no leaks could be discovered by tleeaphones.

Ground listening staff examined the regions A anasBtated. They gave extra importance to
the alerting points. However, alerts 11, 12 andlitihot result in a physical water loss. Alerts@l &
turned out to be a leaking point explained belowLieak 7”. Alert 10 was pointing “Leak 6”. And
alert 14 was an indication of “Leak 11”. In the dmy ineffective areas, listening crew also was &ble
pinpoint some leak points. These are named as Baksand 10. They are explained in detail below.

In the scanned two thirds of the zone, a totabofesaks were found and repaired.

Leak 6: The alerting spot in front of “Villa Parkpartment” is investigated by the ground
microphoning crew (Figure 6.62). Before their Iistey study, a water bleeding spot at the next
building was already seen. That suspicious poimtetth out to be a water leak at the house connection

of “ nci Saray Otel”. The repair works were done on p4il010.

Figure 6.62 Position of leak spot 6 and nearby logg effective areas.

Leak 7: This situation named as “Leak 7" is onett@# most interesting situations faced
throughout the study in Konyaalt. When the groungtrophoning crew listened the suspicious
valves, they faced with a very high sound and pimped that most sounding spot. After the
excavation not a leaking point was discovered beoor@oration cock (priz muslu in Turkish) was

found. This fitting named corporation cock is avea(mostly a spherical valve) at the connection
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between a house connection and a street pipe v&his was not leaking any water but making sound
like a leaking sound. It was checked and seen cetelglopen meaning water was flowing through it.
With the careful investigations of the valve ané ttorresponding house connection after it, it was
discovered that none of the buildings were takirgfew from that pipe. Therefore that valve was
closed completely. Again, every nearby buildinglgecked if there was any water shortage or not.
None of the customers complained about any watettade problem. As a result, the valve was left
closed and buried. The reason for a ghost valveaahduse connection was said to be an old house
connection, which is forgotten to be closed after ¢ancellation of the service pipe. For a longetim

this house connection was letting water flow (FegGr63).

Figure 6.63 Position of leak 7 and the nearby valgewith effective areas.

Leak 8: This leak was detected on B2treet on an @150mm PVC pipe by the ground
microphoning study. The nearest logger placed vdigenot receive any leak sound because the leak
spot is approximately 70 meters away (Figure 6.6d3k spot was in front of Baylav Apartment. The
failure occurred on the main PVC pipe. Failure omass reported as the bad workmanship done
during the displacement of water pipes. The disptzent is done because of the installation of
sewerage lines. Unlike most cities in Antalya, tlisthe common problem. Sewerage lines were
installed much later than water lines, and dueispldcements of water pipes, failures occur. The

failure is repaired on 15 April 2010.
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Figure 6.64 Position of leak 8 and the nearby valweith its effective area

Leak 9: This leak was detected on a nearby strede¢ak 8. It is very far away from the
nearest valve (approximately 90 meters). So its\damas not recognized by the data logger at that
valve (Figure 6.65). The leak was pinpointed bydheund microphoning crew. On the repair day of
16 April 2010, the failure is seen on the houseneation of Yusuf Apartment. The house connection
was a low quality pipe, which is called by the wenkas “black pipe” due to its colour. It is indeed
black, plastic pipe but its main disadvantage isdp@ brittle material. Therefore, failure is ineble
on these kinds of pipes. Luckily, they are not beised at all nowadays.

Figure 6.65 Leak spot 9 and the nearby data loggex’'effective area.

Leak 10: This leak is pinpointed by the ground myxdroning crew again. As seen in Figure
6.66, it is very far to the effective areas of daiggers. The failure was at the house connectfon o
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“Ufuk Sitesi B Blok”. It is fixed by the ASAT works on 16 April 2010.

Figure 6.66 Leak spot 10 and the nearby data loggereffective area.

Leak 11: In this final pinpointed leak, the poirasvdetected by the data loggers as alert #14.
According to that alert, the leak should be eitherd110mm HDPE pipe or on @100mm PVC pipe.
With the careful examination of ground microphorreve, the leak was pinpointed on the house
connection of the mosque in 8dtreet (Figure 6.67). It is again repaired on p&il2010.

Figure 6.67 Leak spot 11 and the nearby data logggreffective areas.



6.3.5. Results

In zone 2 of Konyaalt water distribution netwotkio major actions have been done to avoid
physical water losses. First step was to reducereesure of the zone to a constant value. Thisract
was done in August 2009 and its effects are diszlsstwo aspects. They will be studied below with
more detail. As a second step, within the limitedrking time of one week, physical water loss
detection studies are performed. The studies arforpged using noise data loggers and ground
microphones. To detect and pinpoint the leaks pedgi pressure of the network was released for one
week. After fixing the leaks, pressures are lowergdin to the constant value.

With applying these two steps of pressure reduciimh physical water loss detection studies,
a considerable amount of water loss is preventethd light of results obtained, it is concludedtth
applying both pressure management and active letdction techniques together are indispensible.
Two methods are highly effective on their own, heerewhen they are combined, their effects

increase.

To examine the graphs and results below, it maydoessary to recall the actions done in the
DMA; that are summarized in Table 6.18 and Tabl®6.

Table 6.18 Applied Pressure Regulations on Zone 2itv Their Dates and Times

Applied Action Date and Time

Pressure Reduction from 5.5 bars to 3.6 bars 12008.— 11:30

Pressure Reduction from 3.6 bars to 3.0 bars 28)09.— 10:00

Pressure Release from 3.0 to 5.5 bars 12.04.204010

Pressure Reduction from 5.5 bars to 3.0 bars 172009.— 10:50

Table 6.19 Leaks, Their Regions, Discovery Methodmd Repair Dates

Leaks | Region| Discovery Method Repair Date
6 A Logger + G. 14.04.2010
Microphone
7 A Logger + G. 14.04.2010
Microphone
8 A G. Microphone 15.04.2010
9 A G. Microphone 16.04.2010
10 A G. Microphone 16.04.2010
Logger + G.
11 B Microphone 16.04.2010

14¢



The effects of pressure reduction done in 2009studied in earlier chapters. To see the
effect of pressure release followed by the lealairspthe daily demand curves of the DMA between

11 April and 20 April should be examined. They gieen below in Figure 6.68 to Figure 6.77.

First thing that draws attention from the daily @em curves is the rise of discharge values
with the released pressure. On 11 and 12 April 261i6imum night flow values are on 36/mlevel
(Figure 6.68 and Figure 6.69). When the pressuresedeased, this value jumps up immediately to
49.3 ni/h (Figure 6.70). This means that an additionas los 13 ni/h is created by releasing the

pressure from 3 bars to 5 — 5.5 bars.

With the detection of physical water losses andirgpy them, minimum night flow values
decrease gradually day by day. They are clearly seeach day’s daily demand curve. Total decrease
is from 49.3 nih to 38.6 nYh avoiding a water loss of 10.7%m (Figure 6.71 to Figure 6.77). The
only exceptional day to this gradual decrease i®\g8l 2010. According to the SCADA records, a
higher minimum night flow is observed on 18 Aprih@n compared to 17 April. That can be
interpreted as a false minimum night flow value. tAat night, the customers showed high night

usage, so the SCADA records were not able to capler minimum night flow values.

Another thing that is worth mentioning is the shpgriods of discharge and pressure
recordings of zero values. These are seen on 1dnd36 April 2010. These shortages are generated
by the workers of ASAT, in order to fix the leal&hort periods of announced water shortages help

the workers to fix the leaks quicker.

Similarly, when the pressure is reduced down to I3as again, a drop of 9.3%m is
observed. It is clearly seen when 19 April and 20iligraphs are examined. Therefore, both pressure
reduction and active water leak detection are mstiworth doing to prevent water losses (Figure
6.77).

In Figure 6.78, the effects of overall actions be DMA can be seen in a single graph.
Starting from 12 April, first the pressures areeeeded. Then repairs are done in the network drgppin
the minimum night flows. Lastly, pressures are agaduced and a drop in minimum night flows

occurred again.
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Deily Demand Curve of Zone 2 — 11 April 2010
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Figure 6.68 Daily Demand Curve of Zone 2 on 11.(2D10
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Deily Demand Curve of Zone 2 — 12 April 2010
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Figure 6.69 Daily Demand Curve of Zone 2 on 12.(2D10
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Figure 6.70 Daily Demand Curve of Zone 2 on 13.(2D10




Deily Demand Curve of Zone 2 — 14 April 2010
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Figure 6.71 Daily Demand Curve of Zone 2 on 14.(2D10
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Deily Demand Curve of Zone 2 — 15 April 2010
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Figure 6.72 Daily Demand Curve of Zone 2 on 15.2D10
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Deily Demand Curve of Zone 2 — 16 April 2010
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Deily Demand Curve of Zone 2 — 17 April 2010
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Figure 6.74 Daily Demand Curve of Zone 2 on 17.(2D10
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Deily Demand Curve of Zone 2 — 18 April 2010
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Figure 6.75 Daily Demand Curve of Zone 2 on 18.(2D10




Deily Demand Curve of Zone 2 — 19 April 2010
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Figure 6.76 Daily Demand Curve of Zone 2 on 19.(2D10
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Figure 6.78 Minimum Night Flows vs. Pressures in @e 2 before and after the Field Studies




Considering the values in Figure 6.78, 123oss is prevented just by reducing pressure.
That is a drop of 26%. With the leaks fixed onlydrap of 10.7 rith is achieved in minimum night
flows. That is a drop of 21.7%. With the actions:eldogether, a drop of 7.1%n is obtained from
36.4 ni/h value at the 3 bar level. That corresponds tirap of 19.5%. To examine day-by-day

changes in minimum night flows and total water gntgto the zone, Table 6.20 is given below.

Table 6.20 SCADA Summary Table for Zone 2

Water Minimum  Minimum -[%tstl \Il-\loa;:r/
Date Days Entering to Night Flow Flow
Zone 6 (M)  (m¥h) Time ~ 'Water Total Flow
(m°) (%)
01.03.10 | Mon 1370 32,9 03:05 789,61 57,63p
02.03.10 | Tue 1330 31,8 05:20 762,42 57,325
03.03.10 | Wed 1388 32,1 05:05 771,09 55,554
04.03.10 | Thu 1362 34,7 02:25 833,67 61,200
05.03.10 | Fri 1310 32,6 05:25 782,81 59,75
06.03.10 | Sat 1410 31,9 05:05| 766,41 54,355
07.03.10 | Sun 1390 34,9 05:35] 838,13 60,297
08.03.10 | Mon 1340 33,3 04:50 799,69 59,67B
09.03.10 | Tue 1400 32,1 04:30 769,92 54,994
10.03.10 | Wed 1400 32,1 05:05 770,39 55,028
11.03.10 | Thu 1418 33,7 04:45 809,77 57,106
12.03.10 | Fri 1482 33,7 05:20 809,53 54,624
13.03.10 | Sat 1400 31,4 04:50 754,22 53,873
14.03.10 | Sun 1360 29,5 04:50 707,58 52,048
15.03.10 | Mon 1390 30,9 04:30 742,73 53,43%
16.03.10 | Tue 1400 34,9 04:20 838,59 59,970
17.03.10 | Wed 1370 32,2 05:20 772,97 56,421
18.03.10 | Thu 1380 31,8 05:05 762,66 55,266
19.03.10 | Fri 1400 31,9 04:50 765,00 54,648
20.03.10 | Sat 1420 31,1 04:35| 746,95 52,602
21.03.10 | Sun 1410 32,4 04:35| 777,19 55,140
22.03.10 | Mon 1370 32,8 04:45 787,27 57,46p
23.03.10 | Tue 1400 32,7 02:40 783,75 55,982
24.03.10 | Wed 1400 34,2 02:30 819,84 58,560
25.03.10 | Thu 1400 31,9 04:15 765,94 54,710
26.03.10 | Fri 1455 34,7 03:10 833,44 57,28
27.03.10 | Sat 1445 32,4 03:45| 777,19 53,745
28.03.10 | Sun 1330 34,7 06:35] 832,73 62,612
29.03.10 | Mon 1420 31,6 04:10 757,50 53,34p
30.03.10 | Tue 1400 30,3 05:25 726,33 51,881
31.03.10 | Wed 1400 32,3 04:45 775,03 55,359
01.04.10 | Thu 1427 33,3 05:45 799,22 56,007
02.04.10 | Fri 1433 33,4 04:20 800,86 55,88)
03.04.10 | Sat 1460 31,9 05:40 766,64 52,510
04.04.10 | Sun 1530 34,6 0435 830,63 54,249
05.04.10 | Mon 1510 33,9 04:15 814,69 53,958
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Table 6.20 Continued

06.04.10 | Tue 1440 32,2 04:50 772,73 53,662
07.04.10 | Wed 1400 31,9 05:15 766,41 54,743
08.04.10 | Thu 1480 33,3 05:15| 800,39 54,080
09.04.10 | Fri 1467 33,2 04:45 797,34 54,35p
10.04.10 | Sat 1463 34,2 04:20 820,31 56,071
11.04.10 | Sun 1422 36,1 03:55 865,31 60,892
12.04.10 | Mon 1644 36,4 05:20f 872,81 53,091
13.04.10 | Tue 1774 49,3 05:00 1182,66 66,646
14.04.10 | Wed 1660 49,0 05:00 1176,47 70,872
15.04.10 | Thu 1690 47,6 03:55 1143,52 67,664
16.04.10 | Fri 1630 41,5 04:55 996,33 61,12¢
17.04.10 | Sat 1630 39,6 03:35 950,63 58,341
18.04.10 | Sun 1640 41,3 06:20 990,7¢ 60,409
19.04.10 | Mon 1500 38,6 04:45 926,25 61,75p
20.04.10 | Tue 1350 29,3 05:00 702,66 52,049
21.04.10 | Wed 1360 28,3 05:45 680,39 50,029
22.04.10 | Thu 1400 30,9 05:00 742,50 53,036
23.04.10 | Fri 1500 30,7 05:40 736,88 49,12p
24.04.10 | Sat 1490 35,4 03:55 848,91 56,9714
25.04.10 | Sun 1450 31,6 05:40 757,217 52,245
26.04.10 | Mon 1388 29,7 04:10f 712,03 51,29p
27.04.10 | Tue 1362 29,7 05:05 712,97 52,347
28.04.10 | Wed 1400 26,9 04:50 645,70 46,122
29.04.10 | Thu 1370 31,8 05:05 762,66 55,668
30.04.10 | Fri 1322 31,1 05:15 746,02 56,431
01.05.10 | Sat 1358 28,0 04:40 673,13 49,597
02.05.10 | Sun 1450 32,1 05:10 770,86 53,143
03.05.10 | Mon 1450 30,9 05:10f 742,03 51,17p
04.05.10 | Tue 1430 30,3 04:45 726,56 50,809
05.05.10 | Wed 1420 29,7 04:50 711,80 50,137
06.05.10 | Thu 1400 30,9 04:50 741,56 52,960
07.05.10 | Fri 1380 31,6 04:15 757,97 54,92b
08.05.10 | Sat 1390 28,5 04:40 685,08 49,246
09.05.10 | Sun 1380 28,9 04:40 693,28 50,238
10.05.10 | Mon 1464 29,6 04:35 710,86 48,55p
11.05.10 | Tue 1536 33,7 04:50 809,06 52,673
12.05.10 | Wed 1570 32,3 04:55 774,84 49,353
13.05.10 | Thu 1530 34,7 04:50{ 832,73 54,427
14.05.10 | Fri 1550 32,5 04:40 779,30 50,27y
15.05.10 | Sat 1510 33,1 05:30 794,40 52,609
16.05.10 | Sun 1494 33,1 04:40 793,36 53,143
17.05.10 | Mon 1516 33,2 05:00] 796,41 52,53B
18.05.10 | Tue 1380 32,5 04:40 781,03 56,596
19.05.10 | Wed 1430 30,5 04:35 731,95 51,186
20.05.10 | Thu 1420 30,7 03:15 736,64 51,876
21.05.10 | Fri 1400 31,1 05:30 746,95 53,354
22.05.10 | Sat 1360 29,5 05:35 708,98 52,131
23.05.10 | Sun 1360 31,2 04:25 748,59 55,044
24.05.10 | Mon 1450 30,2 05:35 723,75 49,914
25.05.10 | Tue 1390 30,8 06:05 738,28 53,114
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Table 6.20 Continued

26.05.10 | Wed 1408 29,3 04:45 703,36 49,955
27.05.10 | Thu 1405 29,4 04:40 704,53 50,145
28.05.10 | Fri 1477 26,1 04:30 625,55 42,35B
29.05.10 | Sat 1520 30,5 06:05 732,19 48,170
30.05.10 | Sun 1480 31,4 05:35 754,22 50,941
31.05.10 | Mon 1450 32,8 03:30 787,27 54,294

In Figure 6.79 below daily total water enteringztme 2 and minimum night flows for each

day are plotted. It is seen that with the increqgiressure, the values show a great increase &r on

week. The decrease in minimum night flows from 385-ni/h level to 25 — 30 A level is seen in

the graph too.

Figure 6.80 describes better the decrease in vedsrpercentages. Before this study, the
water loss percentages were at a range of 55%%.80uring the study week, it is seen as high as

70%. After fixing the leaks and reducing the pressthe leak percentages drop down to 50% — 55%.

That is a drop of 5% showing the effect of actitelges.
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Figure 6.79 Total Water Entering and Minimum Night Flow Values vs. Days
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Percentage Water Losses over Time
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Figure 6.80 Water Loss Percentages vs. Days
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To check the revenue ratios, Table 6.21 and Figu8#& are given below. When the table is
examined, the pressure regulation in 2009 can ba skarly on August and September months.
Revenue percentages increased from 55% level ufd% level by pressure reduction. Also daily
average water entering to the zone decreased f@®8 &¥/day level down to 1500 ffday level.
However, the effects of active leak detection stadire not so distinct in both the table and thplyr
An increase of 3.64% from 2010/4 period to 201025iqul may indicate the leak detection studies.
But the previous period does show an opposite imauthich is a 3% decrease from 2010/3 period to
2010/4 period. This may be because; active leakctien studies are performed in mid April.
Therefore the effects of them can only be seeménsecond half of April consumptions which may
not be visible in 2010/4 period.
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Table 6.21 Monthly Revenue Percentages

SCADA DATA

CIS DATA

Water Entering to

Average Daily Water

Period's Total

Daily Average

Monthly Revenue

Dates Days Zone 6 (m3) Entering to Zone 6 (m3) Period Revenue (m3) Revenue (m3) | Percentages (%)
A B c D=C/B E F G H = 100xG/C
01.06.09 - 30.06.09 30 57700 1923,33 2009/6 31865 1036,30 53,88
01.07.09 - 31.07.09 31 67750 2185,48 2009/7 36597 1206,64 55,21
01.08.09 - 31.08.09 31 59240 1910,97 2009/8 47333 1312,67 68,69
01.09.09 - 30.09.09 30 49360 1645,33 2009/9 29740 1168,73 71,03
01.10.09 - 31.10.09 31 47508 1532,52 2009/10 31947 1089,07 71,06
01.11.09 - 30.11.09 30 43172 1439,07 2009/11 29291 990,33 68,82
01.12.09 - 31.12.09 31 42770 1379,68 2009/12 25952 845,39 61,27
01.01.10-31.01.10 31 41900 1351,61 2010/1 27026 847,94 62,74
01.02.10 - 28.02.10 28 38150 1362,50 2010/2 22693 800,33 58,74
01.03.10-31.03.10 31 43150 1391,94 2010/3 24003 860,68 61,83
01.04.10 - 30.04.10 30 44600 1486,67 2010/4 28337 874,41 58,82
01.05.10 - 31.05.10 31 44750 1443,55 2010/5 27897 901,68 62,46
2009/6 -
(01.06.09 - 31.05.10) 365 535300 1466,58 2010/5 362681 - 67.75
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CHAPTER 7

DISCUSSION OF RESULTS

The importance of controlling water losses revedigelf before, during and after the field
studies. At the beginning, calculated physical wies amounts of more than 50% showed the fact
that considerable losses (potable water loss, ralitgtloss, efforts spent for treating water, gtdo
occur. After all, it does not seem reasonable twviple 100 units of water knowing that at least 50

units is being lost and not taking any action agjaihis issue for years.

In order to fight against physical water lossessidzslly there are two methods. One is to
detect point losses using standard procedure(s)ttzam fixing the leaks. The second is based on

pressure management. In fact, these two methodarplementary.

During Antalya case studies, it was possible to enakntrolled experiments with two
networks (subzone 2 and subzone 6 of Konyaaltspreszone); the two study areas were similar. The
essential difference was that, pressure managemasitapplied only to subzone 2. Certainly, in
subzone 2, concerning to reduce physical wateefyssore satisfactory results were obtained with
respect to subzone 6 where pressure managememniivapplied.

Table 7.1 summarizes the overall effects of theewitgiak repairs in both physical water loss
aspect (considering minimum night flows obtainednfr SCADA) and monthly revenue loss
percentage aspect (considering both SCADA recandsCiS records). According to Table 7.1 in both
zones, considerable amounts of reductions are r@utaiThe values for comparison are selected
during the high-pressure periods (which may be idensd as the same in both zones). In addition,
considering 344 properties in zone 6 and 474 ptgsemn zone 2, minimum night flow values are
computed to compare with the UK values supplie@btler (2000) given in Section 4.4.2.

Considering the values before repairs and afteairgpit can be easily concluded that step
testing, forming sub-DMAs and similar preparatidead to a better performance in water leak
detection. In zone 6 by making step tests and ipgimg the sub-DMAs, a reduction of 963
I/property/day is achieved; on the other hand,anez2 without any step tests and preparations anly
reduction of 543 |/property/day is achieved.
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In addition, to check the final leak levels obtairadter the repairs it is seen that, leak levels
in Antalya are too much compared to the UK valugstler (2000) gave 55 |/property/day as an
acceptable level of leakage; however, Antalya \@laee around 1500 I/property/day and 2000

I/property/day in zones 6 and 2 respectively.

Table 7.1 Overall Summary Table for the Case Studge

Physical Water Loss

Monthly Revenu Loss Percentage

Before Repait After Repair: Before Repait After Repair:
34.8 m3h 21 m3/h
63.66% 52.15%
Zone 6 68.6% 49.4%
(2010/02) (2010/05)
2428 |/prop/day | 1465 l/prop/day
(06.04.2010) (12.04.2010)
49.3 m3/h 38.6 m¥/h
38.17% 37.54%
Zone 2 66.67% 61.75%
(2010/03) (2010/05)
2496 l/prop/day | 1954 l/prop/day
(13.04.2010) (19.04.2010)

170




CHAPTER 8

CONCLUSIONS AND SUGGESTIONS FOR FUTURE STUDIES

The importance of Information Technologies (GISAB®@ and CIS) concerning the studies

for the reduction of physical water losses wereugha to light in a detailed manner.

One of the compelling conditions faced during theecstudies was the misleading GIS data.
Due to lack of attention while generating GIS déagds field staff to make wrong decisions aboat th
case, and causes to lose considerable amount ef timzone 6, careless operations of an office
personnel lead to digitizing double service conioest for a single building. Also there were
numerous other mistakes in other layers. Very recenstructed connections and placed valves were
not digitized until a request from field staff waslivered. It also shows a miscommunication problem
between different units of the administration. Tionenate such problems, all the water loss related
departments should be combined under a differegarozation in the administration so that a good
and fast communication between units could be edsuEspecially, to be able to control better the
water distribution network and the actions dondttdhere should be only one unit in the water

authority, which deals with monitoring, detectiamdaepairing of the leaks.

The topic of water losses will gain more importanmeethe next years. The technological
developments allow production of more detailed betler water loss detection equipments. SCADA
systems are developing in a positive manner alsih \Wetter SCADA systems and computer
networks, it can be made possible a low data trdtisgntolerance in the SCADA systems. It is
possible with today’s technology but higher datenémitting tolerances are being preferred in oraler
save disk space in the computers and to avoid lgessidio scrambles. If this issue is solved, then
obtaining more precise daily demand curves wilpbssible. In addition, storage tank elevations will

be obtained with better precisions.

Unfortunately, water administrations discover timportance of saving water only whenever
a drought season appears. However, saving thesttidiep of water has a small but meaningful
contribution to the valuable water reserves. Adstmtions then should focus on their customer
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information systems and keep a GIS integrated ocustanformation database (CIS). Consumptions
should be monitored and recorded with the highestracy available. Transforming usual water
meters into more precise water meters can be #y@giove towards gaining more revenue from the
customers. Moreover, using new generation wateers¢hat have the ability to log consumption data
over time can lead the way of obtaining individwalter usage behaviours (and daily demand curves)
of customers. With these water meters, it wouldpbssible to eliminate the errors that are faced

through this study during the computation of revelass amounts.

By applying water distribution system master prigebig amounts of investments are laid
under the ground without having precise locatioforimation of the infrastructure. To have the
maximum benefit from the water distribution systefaments, infrastructure knowledge should be
reliable. Starting from detection of fittings inetmetwork and then detecting the pipeline routesaar
must to deal with water leaks. Geographical infaiamasystems provide exactly the needed solution
for infrastructure location determination. Watenmrawistrations should discover the importance of
generating reliable GIS data layers and should kieem up to date. Discovering the whole system at
once and keeping it up to date is the easiestisnlwthen compared to having unreliable and out of

date GIS data layers.

Pressure management, in summary, seems to be as/ @asy and effective solution for
water loss controlling. However, it hides the leatsa certain extent. In zone 2 of Antalya water
distribution network, two thirds of it was scannedth ground microphones while pressure
management was suspended. This scanning helpediming six leaks. In the remaining one thirds
of the network, ground microphoning was appliedarngduced pressures. As a result, even one leak
point was not detected. It is almost impossibleitgwno leak in that area, as all the conditionsewer
homogenous throughout the zone. Therefore, combira#ling of active leak detection studies and
pressure management is a very powerful method twseh It should not be forgotten that both

methods (fixing point leaks) and pressure managearercomplementary methods.
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