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Coagulation and
Flocculation Sedimentation
Basin Basin

Coagulants Polymer

Raw Water

Corrosion Control Disinfectant Fluoride

Home Treated Water Disinfectant
Consumption Storage Basin
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Where 1s Earth's Water?

Surface/other Atmosphere  Living things
Freshwater 2.5% freshwater L2270 3.0% 0.26%

Rivers
0.49%

Swamps,
marshes
2.6%

Soll
moisture
3.8%

Total global Freshwater Surface water and
water other freshwater
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Surface Water

All Water Water on Earth

Freshwater
Freshwater
3%
' Groundwater

30.1%
Rivers 2%
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Surface Water
0.30%

*
0

Icecaps &
Glaciers
68.7%

" THE WORLD R
iV S
o @ Ve



— 0.3% Lakes and river storage

I 30.8% Groundwater, including Water on Ea rth

soil moisture, swamp water

Freshwater
. » 2.5% . and permafrost
35 000 000 km 68.9% Glaciers and permanent

show cover

SaltWater ~ p i, Icecaps

Saltwat ] ;
37.5a%er | 97% X 2%
1 365 000 000 km3 —

Available
Fresh Water

1%

PHILIPPE REKACEWICZ
FEBRUARY 2008

Source: Igor A. Shikloménov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educatio;lal, Scsnﬁfic énd Cultural Organisation (UNESCO, Paris), 1999.

Science Photo Library

Global water and air volume




South America Rivers: 1,114 cubic km of water
0.0000804% of all water on Earth.
and 52.6% of all Rivers on Earth

Group Rivers and Lakes
South America Rivers |

south America Rivers
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WASTELD 1S A
DROP TOO MUCH

DISHES& [l 90SEC M jyoieT [ DAy [ERSSEEENEN DRINKING
LAUNDRY il SHOWER M Fysy Jll HYGIENE JESSSSSSSS  WATER

18Iites 15 litres 9litres 3 litres 2 litres

‘ =1 litre

1 litre

=W~

2 'i‘i'tre.é
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Ecological aspects

Hygienic aspects

Economic aspects (water export,
production costs)

Security of supply:

(for example, a 5 mm hole and 5 bar
pressure can induce 32,000 litres of
daily water losses. This corresponds to
a daily drinking water demand for 266

persons at an average consumption of
120 [ /P*d)

25
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Water losses of water supply networks in the EU (%)
(as averages of volume supplied)

Real water loss (leakage) %

Bulgaria
Romania* |
Ireland
Latvia
——— Croatia
Greece*
—— ltaly
France
—— Slovenia
Lithuania
Malta
Slovakia
Portugal
UK MW Real water |oss
I-'.:-we:len (leakage) %
——— Hungary
Estonia
Cyprus®
Czech Republic
Spain
» -
P;:ﬁ;gd (Source: Mational sources (Country Fiches), Thiz figure
Belgium gathers the national data available for different years,
Austria according to availability. * For Romania, Greece, Cyprus
The ”Etgg:;'::: and Poland the figure presents average ranges)
— Germany
Luxembourg

0 10 20 30 40 50 60 70 —~
—e TAKING COOPERATION FORWARD 6
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Water Utility Service Regime

PUMP
SOURCE TREATMENT STORAGE CUSTOMER

‘***\
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Strategic Business Units

PUMP
SOURCE TREATMENT STORAGE CUSTOMER

=~

EASUREMEN

Bulk Retail
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Key Operational Functions

PLANNING,WATER SAFETY, ENGINEERING, ASSET MANAGEMENT, PROCUREMENT, IT

»PRODUCTION
»VALVING
»LABORATORY
»FACILITY MGMT

»VALVING
»REPAIRS

»DEMAND MGMT

PUMP

»DISTRIBUTION
»MAINTENANCE
»REPAIRS

»PROTECTION
»MANAGEMENT
»MONITORING

»MECH & ELEC
»CHLORINATION

»QUALITY& SAFETY

»METER READING
»BILLING & COLLECTION
»DEBT MANAGEMENT

»CUSTOMER SERVICE \

THE WORLD UHEE{H-IHE
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ACCOUNTS, FINANCIAL CONTROL, HUMAN RESOURCES, SAFETY, AUDIT, LEGAL
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Standard Terminologies Source: WA (2000)

Billed Metered
Billed Consumption (including Revenue
Authorised Authorised water exported) Water
Consumption Consumption

Billed Unmetered
consumption

Syst
%Spszn Unbilled Metered
Unbilled Consumption
Volume

AUthOfiS_e_d Unbilled Unmetered
Consumptiion Consumption

Unauthorised

) ENVIRONMENTAL
¢ ENGINEERING GRUOP

Apparent Consumption Non-
Losses Metering Inaccuracies R\e/\\//etnue
— ater
Water Losses Leakage on Transmission

Real Losses and/or Distribution Mains

Leakage and Overflows at
Utility’s Storage Tank

Leakage on Service
Connections up to point of
Customer Metering

All quantities in m®/year
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What is Unaccounted-For-Water?

Definition

Unaccounted-for water (UFW) represents the difference between "net

production” (the volume of water delivered into a network) and

B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP

"consumption" (the volume of water that can be accounted for by legitimate

consumption, whether metered or not).

UFW = “net production” — “legitimate consumption”
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Non-Revenue Water

Non-revenue water (NRW) represents the difference between the volume of

water delivered into a network and billed authorized consumption.

NRW = “Net production” — “Revenue water”

B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP

= UFW + water which is accounted for, but no revenue is collected (unbilled

authorized consumption).
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Components of Unaccounted-For Water (UFW)

Unaccounted-for water

A 4

j % A 4 . A 4 :
%E Physical loss Commercial loss
[
% (Real loss) (Apparent loss)
Pipe breaks and leaks Metering Errors
Storage overflows Water Theft
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X
@m . @ BANK whwlll-lf l == m




Non-Revenue Water

(NRW)
|—|'|—|

Real loss Apparent loss Unbilled authorised
(physical loss) (commercial loss) consumption
I Leakages and Inaccurate Eg%‘el}:g
pipe breaks metering consumption

Unbilled

Storage
overflows

Data handling
errors

unmetered
consumption

House
e CONNection
leaks

(@ THE WORLD .
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Typical Losses From A Water Supply System

Physical losses Commercial losses

Collections

+ Trunk Mains Leaks + Leaks Leaks from: + Reading Errors « Admin. Errors + Admin. Errors
* lllegal Connections  + Overflow * Mains « Slow Running Metter  + Data Entry Errors
* Unrecorded Users « Services Pipes « Tampering With Meters « Delays

= Booster 5tations . Broken Meters « Loss of Records

* Service Tanks « No meters

* Pipes + lllegal Connections:

+ AirValves
« Washout Valves

» Hydrants

Source: Ranhill

THE WORLD
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Billed Authorised
Consumption Q;,

Unbilled Authonsed
Consumption Q, ,

ENVIRONMENTAT
ENGINEERING GRUOP

Apparent Losses Q.

9

Real Losses Qg

[source: Lambert, A, and W, Himer, 2000]
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Billed metered consumption
(including water exported)

Billed unmetered consumption

Unbilled metered consumption
Unilled unmetered consumption

Unauthorised consumption
Customer metering inaccuracies
and data handling errors
Leakage on transmission andsor

distribution mains

Leakage and overflows at utility*s
storage tanks

Leakage on service connections
up to point of customer metering

Internationally recognised best practice approach to calculate
water balance according to IWA

Revenue
Water

Non-
Revenue
Water
(NRW)

37
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IWA LEAKAGE MANAGEMENT CENTRAL EUROPE

Terminology

» Real Losses cannot be eliminated totally. The lowest technically
achievable annual volume of Real Losses for well-maintained and well-
managed systems is known as Unavoidable Annual Real Losses (UARL)

» UARL 1s the most reliable predictor yet of ,,how low could a utility go*
with real losses for a specific system

» Each system has a different UARL base level, which varies widely
depending on density of connections, length of connections (main to
meters) and average pressure

» Using the four recommended strategies of leakage management, Real
Losses can be controlled but cannot be reduced any further than the
URAL (at the current operational pressure)

» The difference between the UARL (small rectangle) and the Current
Annual Real Losses (CARL) is the Potentially Recoverable Real Losses

AN THE WORLD |INE(Y) _ 38
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PERFORMANCE INDICATOR HIleIrrey

CENTRAL EUROPE

FOR WATER LOSS e
Infrastructure Leakage Index (ILI)

» The ratio of the Current Annual Real Losses (CARL) to the Unavoidable
Annual Real Losses (UARL) is the Infrastructure Leakage Index (ILI):

ILI = CARL
UARL

» The International Water Association {IWA) uses ILI as a performance
indicator for leakage which adjusts the measured loss, taking into
account the service pressure and the length of the network

» ILI, 1s the current annual real losses expressed as a multiple of each
system’s specific UARL

» ILI measures how effectively the infrastructure activities such as repairs,

active leakage control and pipeline/assets management are being
managed at current operating pressure

" THE WORLD
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PERFORMANCE INDICATOR HILeIIrey

CENTRAL EUROPE

FOR WATER LOSS ewe T e

Physical loss assessment matrix

A simple matrix was published in 2005 which provides insight into typical LI
values for different situations. This approach can be used to classify the leakage
levels for utilities in developed and developing countries into four categories:

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

» Category B: Potential for marked improvements; consider pressure
management; better active leakage control practices and better network
maintenance

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

» Category D: Highly inefficient; leakage reduction programs imperative and
have high priority

" THE WORLD
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PERFORMANCE INDICATOR HILETTCY

CENTRAL EUROPE

FOR WATER LOSS  JexE

Physical loss assessment matrix

Technical Litres/connection/day
Performance (when the system s pf&SUl’ 1sed) at an average prassare of:

w2l [ | < | cm | e
2sa o0 | reuse | samame | 250

Category

100-200 | 150-300 | 200-400 m

< 200 < 250

B\ ENVIRONMENTAL
Y ENGINEERING GRUOP

4-8 50-100 | 100-200 | 150-300 | 200-400 | 250-500
8-16 100-200 | 200-400 | 300-600 | 400-800 |500-1000

Developing | Developed

>16 > 200 > 400 > 1000

(Source: R. Liemberger and R. McKenzie, 2005) Infrastructure Leakage Index (ILI)
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Calculating Water Loss

Water loss is expressed as

® a percentage of net water production {delivered to
the distribution system)

n as m3¥fday/km of water distribution pipe system network
(specific water loss)

8 Others
- m3fday/connection

- m3/day/connection/m pressure

- Water loss as % of net water production is the most
common.

- It could be misleading for systems with different net
productions with same amount of real & apparent losses.

" (@ THE WORLD .
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Magnitude of Water Losses

¢« Waterloss levels (UFW or NRW) vary widely per country
and within one country per city.

OP

EERING GRU

« LUFW values ranging from 6% to 63% have been reported
(Source: Water and Wastew ater Utility Data - 2™ edition 1996)

NMENTAL
IN

¢ A certain level of water losses can not be avoided from
a technical point of view and foris considered

acceptable from an economic point of view.
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What is an Acceptable Water Loss?

1. Itis a compromise between the cost of reducing water
loss ahd maintenance of distribution system and the

cost (of water) saved.

2. AWWA Leak detection and Accountability Committee
(1996) recommended 10% as a benchmark for UFW.

3. UFW levels and action needed

< 10% Acceptable, monitonng and control
10-25% Intermediate, could be reduced
= 25% Matter of concem, reduction needed

' THE WORLD
%
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Unavoidable Annual Real Losses (UARL)

» The UARL is computed based on Background
and Burst Estimates (BABE) concept.

surface
’ N o . AN AN AN 5 Y o NN A N SN, OO A0 ) 0 0 ’ W O
e T A s A S S TSN

= =
e =t

Background leakage Un-reported leakage Reported leakage
Un-reported and un-cdetectable Often does not surface but is Often surfaces and Is
using traditional accoustic detectable using traditional reported by the public or utility
equipment. accoustic equipment. workers

N, THE WORLD _
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UARL - Background (1)

» Based on a statistical analysis of international data,
including 27 diverse water supply systems in 19
countres, a method of predicting UARL has been
developed and tested for application to systems with:

NMENTAL
IN UoPp

EERING GR

- average operating pressure of between 20 and
100 metres;

- density of service connections between 10 and
120 per km of mains;

- customer meters located 0 and 30 metres from
the edge of the street.

x @;HEWORLD UNESCO- HE -
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Unavoidable Annual Real Losses (UARL)

UARL {(L/day)={18 xLm+080 xNc+25 xLp)xP

where

UOPp

EERING GR

Lm = Length of mains in km

NMENTAL
IN

Nc = Number of service connections

Lp = Total length in km of underground connection pipes
(between the edge of the street and customer
meters)

P = Average operating pressure inm

N\ THE WORLD .
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UARL in litres/service connection/day for
customer meters located at edge of street

23

%u Density of of Average Operating Pressure (P) in Metres

% Connections Ne/Lm 20 40 60 80 100

<= (per km mains)

C 20 34 68 112 |46 170
40 15 30 /5 100 125
&0 22 4 66 88 110
a0 71 =1 62 82 103
100 20 39 29 /8 98

A" THE WORLD =
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Unavoidable Annual Real Losses (UARL)

Generalised Equation

UARL (L/day)=(AxLm+BxNc+CxLp)xP

where

A = specific real losses for mains (L/day/km/m pressure)

B = specific real losses for service connections
(L/connection/m pressure)

C = specific real losses for underground service pipes
(L/day/kmim pressure)

N\ THE WORLD .
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The Infrastructure Leakage Index (ILI)

» A better indicator

¢« Describes the quality of infrastructure management

""'ﬁ ENVIRONMENTAL
@/ ENGINEERING GRUOP

» |Is theratio of Current Annuaj Real Losses to
Unavoidable Annual Real L osses

_ CARL

—d UARL

N\ THE WORLD .
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World Bank Institute Banding System
tfo Interpret ILIs

¢ [LIIs classified into Bands Ato D

» Different limits for developed & developing countries

» Each Band has a general description of performance

« Each Band suggests a range of recommended
acfivities

' THE WORLD
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WBI Banding System to Interpret ILIs

Developing | Developed General description of real loss
countries countries | ganp | performance management categories
ILI Range Il Range
= & ) A Further loss reduction may be unecanamic
Js Lnless there are shortages; careful anakysis is
%g needed to identify cost effective improvement
o% 4 to =8 2o =4 B FPotertial for marked improvements; consider
%; pressure management, better active leakage
=l control practices, and better nebiork
maintenance
Bto=<16 dto =3 C FPoor leakage recard; tolerable only it water is
plenty and cheap; even then analyze level and
hature of leakage and intensify leakage
reduction efforts
16ormaore [Sormaore (D YWery inefficient use of resources; leakage
reduction programs imperative & high prionty

x @;HE WORLD | JNESCIHE -
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WBI Recommended Activities

WBI Recommendations for BANDS A B C D

Investigate pressure management options Yes | Yes | Yes
Investigate speed and quality of repairs Yes | Yes | Yes
Check economic intervention frequency Yes | Yes

48 Introduce/improve active leakage control Yes | Yes

z &

g g Identify options for improved maintenance Yes | Yes

& E e 1

gé Assess Economic Leakage Level Yes | Yes

= =

Review burst frequencies Yes | Yes
Review asset management policy Yes | Yes | Yes
Deal wit deficiencies n manpower, training Vaalll Yes
and communications
S-year plan to achieve next lowest band Yes | Yes
Fundamental peer review of all activities Yes

AW THE WORLD _
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Comparison of real loss performance indicators

Source: Liemberger and McKenzie (2005)

Indicator Vietham |Indonesia |Sri Lanka
35
g L/conn. /day 266 430 519
S E
%g L/conn./day/m pressure | 72 38 48
ILI 79 31 39
NRW (%) 4295 40% 46%

The % losses do not reflect the huge difference in leakage
performance of three systems.
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(v @t sy [y




sSuggested apparent loss percentages
for a typical water distribution system in

South Africa

lllegal connections Meter age and accuracy Data transfer
Good Poor
water water

quality quality

Very ngh 10 % | Poor = 10 years 8 % 10 % Poor B %
High 8 %%
Average 6% | Average 5- 10 vears 4 %4 8 % Average | 5%
Low 4 %o
Very low 2 % Good < 5 years 2% 1 % Good 2 %

Source: Seago et al. (2004) Thumb rule = apparent losses is 20%

of total water losses

N, THE WORLD -
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The Apparent Loss Index (ALl)

e  Similar to the concept of ILI, a index for apparent
loss has been recommended by WA task force.

Apparent Loss
5% of Water Sales

G,
I Apparent Loss Index (ALl)=

N\ THE WORLD .
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3| Controlling Water Loss

K @7’
EMG
‘FavironM ental engineering Group

THE WORLD ﬂ%ﬂﬁ - m
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Water audit or Water balance

Meter testing and repairfreplacement, improving
billing procedure

Leak detection and control program
- hetwork evaluation
- leak detection in the field and repair

Rehabilitation and replacement program
Corrosion control

Pressure reduction

FPublic education program; Legal provisions
Water pricing policies encouraging conservation
Human resources development

Information system development




Four components of an active real loss

management program

More efficient

leak detection

— R

Ezisting real losses

Economic
level

Pressure

management
for leak rep air Unavoidahble and level

real losses control

.i’//q%-._
Improved ——

system

maintenance, Source: Thornton {2002)
replacement,

rehahilitation

AN THE WORLD .
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Four components of an active apparent loss
management program

Reduction of
meter ermmor by
* Testing,
* Sizing
———__*Replacement  _—
Existing apparent losses
2 Economic
ion of theft by Reduction of
ucation level human error
gal action . * Trainin
Unavoidable 9
* Prepay measures * Standardizing
4 Pressure limitation apparent » Reporting
# Flow control losses » Auditing

e
i _‘—\___\__

-—

—  Reduction of e

computer emor by

* Auditing Source: Thornton (2002)
+ Checking

4 R outine analysis

S @THEW
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IWA recommended performance indicators

Function Level Performance Remarks
Indicator

Financial: Basic wiolume of NRWY as Can be calculated

MEWY by volume %% of system input from simple water
volume balance

Financial; Detailed |[Walue of NRW as % | Allows different unit

MRMWY by cost of annual cost of costs for MRW
running system COMmponents

Inefficiency of Basic Real loss as %0 of Unsuitable for

Lise of water system input volume | assessing efficiency

resoLrces of management of

distribution sy stem

Operational Basic m3fservice ling/day, |Best“traditional”

Feal |osses when system is basic performance
pressurized indicator

Qperational Cetailed | Infrastructure Fatio of CARL o

Feal |osses Leakage Index LIARL

Source: Adapted from Thomton (2002)
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Guideline for Water Loss Level

» For systems with per capita consumption of less than
150 l/day the general rule for water loss level is:

Good condition of system < 250 Litrefconnection fday
Average condition 250 - 450 Litrefconnectionfday
Bad condition of system = 450 Litrelconnectioniday

» Another guideline for the water loss level is the
“Benchmark® Litre/km mains/day:

Good condition of system < 10,000 Litreflkm mainfday
Average condition 10,000 — 18,000 Litref/km mainfday
Bad condition of system = 18,000 Litrefkm mainfday

Source: Gerhard Zimmer (Experiences from Kfw funded programs)

% @THE WORLD (NES(()HE -
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Leak detection methods and their suitability for types of mains

Leak detection methods Suitability for
Service pipes Distribution mains Trunk mains
Acoustic Basic Listening stick Yes Yes
techniques | Electronic listening stick Yes Yes
Leak noise correlator Yes Yes
Noise loggers Yes
Multi acoustic sensor strip Yes Yes
In pipe sounding Yes
Non- Gas injection Yes Yes
acoustic Ground penetrating radar Yes Yes Yes
techniques | Infrared photography Yes
In pipe hydraulic plug Yes

(Source: EU Reference document good practices leakage management WED CIS WG Pold)
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System Input Volume

Physical
Lossas

Commerclal
Lossas

Meterad nmetarad

Yaolurne
Counted

Connection
Counted

Mon-rmefered,
Mon-paid Fublic Use

Billed llegal Connections

M ot

\ Billed
Faid Hat

F
o Faid Far

’F‘aid

Far

Bursts,
Leals

Ravenua
Water

Fhysical Losses and Commercial Losses = Non-Rewvenue Water
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Before Tariff Increase After Tariff Increase

Com merncal
Losses = 20

Physical
Losses = )

Commerical Physical

Losses = X0 Losses = 20

% MEW =40/100 = 0% %0 MW =40/90 = 44%

THE WORLD
B
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&

Hale @ = & mm Olympic size swimming pool Per capita consumptions = 136 1/eap/d
Pressure = 50 m Vo= 2,500 m? 0 =317 % 136 [feap/d = 43.2 m3/d
» Leakage = 43.2 me3/d » Filled in less than 2 months » Water for 317 persons
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calculating the change in leakage flow for a small pressure increase. These results are shown i Figures 3 for the
leakage exponent. The results show that the leakage exponent of a given leak 15 not fixed, but 1s higher at higher
pressures and at lower pressures.

1.3 3
1.2 3 ry
1.1 - P * ®
: <
- 1 *
Fd - &
« 09 3 '
E ]
= 0.8 7 L
207 - PS
S 06 -
&
0.5 1
04 3
= 0.3 -
0.2 7
0.1 1
0 10 20 30 40 50 60 70 80 90 100 110
Pressure head (m)
® Longitudinal crack

Figure 3. Leakage exponents obtained at different pressures for the h-({) curve in Figure 2
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Table 2.1 Leak flow rate from a 6 mm hole for different pressures and pipe materials

A Hole Fipematerial Leakage exponent Leak flow rates at pressure of
a0 m 40m 30m
Bmm Rigid (e.g. steel, castiron, .. 05 1,800 m2/h |1, B10m3 h | 1,394 m2/h
6 mm Flexible (e.qg. FE, PVC, .} 1.5 1,800 m2®/h [ 1,288 m3h | 837 m3¥/h
Fressure management: reduction of excessaverageand maximum pressures
Conservation benefits Water utility benefits Customer benefits
Reducedflow rates Reduced frequency of burstsand leaks
Fewer
.| Deferred
Eeduced flow | Eeduced repair Feduced cost | Fewer problems on
Feduced . renewal s and .
. ratesofleaks |costsatmains of active leak- | customer customer
consumption _ pxtended asset _ .
and bursts and services lifo age control complaints plum bing and
appliances
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Figure 32 Relationship between leakage rate (3) and runtime (t) of eaks [22) [77)

Background leakage Unreported leakage Reported leakage

Repaorted leakage

8

Unreported leakage

Background leakage 0 T

P
—
—
=
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Figure 5.1 Interactions between variols GlS-based infarmation systems

Dernographic data
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Figure 5.4 atructure of a GIS based on databases, data sets and single object classes (93]
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Figure 5.6 Linking the hydraulic netwark model to the netwark register

Interface solution Integrated solution

storage, visualisation, wtorage, visualisation,
analysis of results analysis of results

T T sirnulation
Irt arfa ce Input from land base: results
Hetwark Hyd raulic topographic maps, DEM, —# BLEENTLG - Hyd raulic
reqgister wy stam rod el, orthophatos, ... register — model
topal ogy sy stem
topalogy
Input fram land base: Input fram land basa:
topographic maps, topographic maps, Custorer
DEM, orthophatos, DEM, orthophatos, irf arratio
system
Redundancy: repeated data input and storage Additional information
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Figure 5.9 Typical behaviour of the fallure rate in pipes, based on [43)

A

Construction Ageing and material fatigue
failures : .

fteathing

troubles"

Failure rate

Warranty =table phase Phase of steadily rising deterioration Time

period F i
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GOSM network
SMS system

Figure5: The Demand Driven Distribution controller connected to network
pressure sensors via the GSM network allows control of the pumpsin
accordancewiththe loggerdata via a smart adaptive controlalgorithm
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PROBLEMS FACING WATER UTILITIES,
AND BENEFITS WITH DIFFERENT MODES OF OPERATION

INTERMITTENT
SUPPLY:

(NOT “24/7"
OPERATION)

CONTINUOUS
SUPPLY:
(EXCESS PRESSURE)

OPTIMAL PRESSURE
MANAGEMENT:
(DEMAND DRIVEN
DISTRIBUTION)

Leakage flow rates
reduction dueto limited
time of pressurisation.
Yery high burst
frequencies an mains
and services,

Big risks of
contamination when the

pipes are not pressurised,

High burst frequencies
due to higher than
required maximum
pressures for much of the
time.,

High leak flow rates due
to higherthan required
average pressures,

10 % reduction of average
pressure produces 10 % to 20 %
reduction in annual leakage
(depends on pipe materials and
type of leaks)

é% NRWY — HIGH
¥ LEAKAGE
2z COMPONENT
HLI-]
ENERGY
EFFICIENCY

High energy costs for
pumping as higher flowy
rates are imposed to
movethe same volume,

Excess energy costs due
to excess pressurisation
from pumping

10 % reduction of excess
average pressure produces
around 10 % decrease in energy
costs from pumping.
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OPERATION AND
MAINTENANCE

ENVIRONMENTAL
& ENGINEERING GRUGOP

High manpower costs for
valving operations,

High repair costs,

High repair costs

High liability costs

10 % reduction of average
pressure decreases economic
intervention costs of active
leakage control by 10 %,

Active leakage control is
difficult dueto
insufficient pressure,

High active leakage

control costs dueto

higher rate of rise of
unreported leaks,

10 % reduction of average
pressure decreases eConomic
intervention costs of active
leakage control by 10 %,

Short asset lifetime due
to poor operation and
pressuretransients,

Short asset lifetime due
to excess pressure,

Deferred renewals, residual
asset life extension. This
henefit can be very
substantial; prediction
methodology for pressure
reduction being developed,
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Step 1: avwareness
by flows monitonng 'l’

— &
Step 2: Leak detection N | _yf
by leak noise logging . ‘- o
Step 2: leak location
by leak notkse correlation @ g

&

—P=  nilew Lea bk nod = Losgqer= I:E:l Bul k reeter Leak rize correlafors * Lea kags
—— — Fange <« Fnoize Lagger I = tuantity t = Tinres F= Fe=quensy
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Production Meter Accuracy

Fquipment/Method Approximate Accuracy Range

Electromagnetic Flow Meters <0.15-0.5%
Ultrasonic Flow Meters 0.5- 1%
Insertion Meters <29
Mechanical Meters 1.0 - 2%
Venturi Meter 0.5-3%
Meas. Weirs in open channels 10 - 509
Volume calculated with pump curves 10 - 509%

Note: Actual meteraccuracy will depend on many factors (like flow profile, calibration, meter installation, maintenance)
and has to be verified case by case

Source: World Bank Institute, 2007
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2| NRW Economic Level Identification

A
Economic Total cost = Cost of water lost +
level of NRW Cost of NEW management
o
. W
Cost of water lost
Costs
Cost of NRW
management

NRW
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Pressure Leakage Relationship

2,500

L

Leakage [

:

L

500

1] 5 10 15 20 25 20 35 40
Prassura [mi]

b 1=0.5 M1 is the scaling factor to account for different pipe and network characteristics,
but large networks with a mix of pipe materials tend towards a linear relationship, with N1 = 1.0

For leaks from metallic pipes, N1 = 0.5

— ] 1=1.5 Small lzaks from joints and fittings (background leakage), M1 = 1.5

== N1=25 |Inexceptional cases, e.g. splits in plastic pipes, N1 could be as high as 2.5

Source: World Bank Institute
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2 Reduction and Control of UFW

e Substantial savings can be achieved, and requirement of extension
water supply facilities can be avoided or minimised by reducing

unaccounted-for water. (specifically, leakage detection and control)
e By reducing UFW water agency will be in better financial situation and
will be stronger position to achieve its financial self-sufficiency and long-

B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP

term sustainability.
e A low rate of unaccounted-for water is one of the best overall indicators
that a water utility is successful.
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| Policy issues for sustainable O&M Possible options for reform

Governance (A) Integrated Municipal Management (IMM)

> Operational autonomy

> Ability to manage staff
> Flexibility in decision making
> Transparent subsidies

Management

B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP

> RESpOﬂSiVEﬂESS to consumers

v

Efficiency

v

Commercial viability

v

Capacity to grow and transform
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A. Integrated Municipal Management

Advantages

> Simple to administer

> Managerial control with Municipal Commissioner

> Customers can deal with one agency for all services
> Democratization at the grass-root level
Weaknesses

> Low accountability

> Key staff

> Difficult to link tariffs to service delivery
> Less focus on water

> Councilor and operator conflicts
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Advantages

> Protected from daily interference from policy makers
> Civil society can be included in management

> Tariffs and service delivery can be linked

> Better financial planning and management

Weaknesses

> Require detailed initial planning and preparation
> Staff who are deputed may be unwanted by the parent agency
> Require elaborate training to induce corporate culture

> Councilors involvement low hence they may resist
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Management Options

Management Service
Providers

Technical Service
Providers
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IWA intervention strategies to reduce water losses

Pressure Economic Level of Real
Management Losses

Unavoidable
Annual Real

Speed and Losses (UARL) Active

Quality of Lealkage
Repairs Control

Potentially Recoverable
Real Losses

( Current Annual Real
Losses (CARL)

Infrastructure
Management

[Source: Adapted from Lambert, A., 2003)
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i What is Water Loss Management?

Strategies and tools to assist watef' utilities in their important goal of
reducing non-revenue water. Water Loss Management is integral to
the good management of any water supply system.

!
-d

Leak Detection Equipment for . Strategies and tools for Managing
finding Real Losses Real Losses
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i Terminology |

Non-Revenue Water Consists bf:

Real Losses . Apparent Losses
« Service Leaks « Meter Under-Registration
é% «  Weepers (Undetectable) ' * Mechanical Wear
g%  Reservoir leakage . ngr-szed meter :
%% S o Authorized Unbilled consumption
< o e SPRPRBRPIPRGS 0 . - ||| o= i <)o
@®  « Theft
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What's a Normal Amount of Water Loss?

Depends on the size of the sysihtem

Benchmark to a systems theoretical minimum level of water loss (UARL).
+ 1 -2 times the UARL = very wel:l managed system
« 2 — 3 times the UARL = doing pﬁeﬂy good
«+ 3 —4 times the UARL = auerage:: performer
(some easy reductions with leak detection may be possible)
« 4 — 5 times the UARL = definite 'rDDm for improvement
-------------------- =->5 fime the UARL =Leak- Eieteﬁtmﬁ easily-jstifredd------------------------------------

I Mﬂ@ﬂ@@

ENVIRONMENTAT
ENGINEERING GRUOP

4,415
Leak Sizes

< 0.1 LYs (pinhole leak) 1— 3 U/s (large service leak)

0.1 L/s—0.2 L/s (small leak) 3 —6 L/s (very large leak)
0.25 Lfs — 0.5 L/s (medium leak) > 6 L/s (pressure loss)
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i Managing Non-Revenue Water

What Should We Do at Mlnlmum

Managing Real Losses

THE WORLD

Source meter with good low flow

capability. Ability to data-log hourly ﬂbw.

Monitor source meter data (review nlght
flows and track )

Track break locations, materials and §
failure type

Replace pipe with high break frequency

Integrate water loss testing with nther
operational tasks |

Reduce pressures where possible

Hire competent pipe installers and
designers, use good materials.

Manaaging Apparent Losses

AWWA M36 Water Audit

Get to know your customer data
- Flag low billing volumes and
oversized meters

Replace residential meters

approx. every 20-25 years

Right size meters for large
customers

Test/Replace large customer

meters (more frequently than
residential meters)




Managing Real Water Loss

Triggers: Background Leakage
ArEEere Levels, Burst Frequency & Rate of

Management Rise of Leakage

Unavoidable Losses

ENVIRONMENTAT
ENGINEERING GRUOP

............. Speed of Repairs

@ 1) U _ Current Real Losses Af:“:i;i‘rage
Workmanship '

Trigger: High night flow (Flow
Monitoring)

Trigger: Performance

Monitoring

Asset Triggers: Background Leakage
Management Levels, Burst Frequency & Rate of
Rise of Leakage
THE WORLD UHEm'“'lE
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vironhental engine ring Gronp




PRESSURE MANAGEMENT

LOWERING SYSTEM FRESSUhES

 Pressure reduction : leakage relsi;tinnship s 1:1
(20% pressure reduction = 20%; leakage reductiun)

Reduced burst rate & reduced m;*aintenance costs

T :
g : .
-------------- e L L R R L e T T
8¢, i
= fﬁ-- . *
= 85 :
2 94l : *
&8s :
p 5T T S
: ﬂ = * 1 "'
m2-T :
a .| * '
a +
0 4 . |
0 20 40 &0 80 100

Average Pressure (mH)
I —— :
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- Treatment & Distribution Cost

Surveys of utilities have revealed treatment and distribution costs ranging from
$1.00 - $4.00 / 1,000 gallons (higher for consecutive systems)

28

Z, X 5

g : clarification LA

= ' —

o E water source sedimentation filtration — -

g I | |

o & dual-media e

— filter clear well purified weater
N\ todistribution

system

tank sedimentation
tank

to disposal v d waste to
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Water Audit

» System owner must quantify water loss

Billed Water Exported

Billed
AW WA M 3 6 Cons&llr:ption Billed Metered Consumption R&’;‘;‘:e
Authorized
Consumption Billed Unmetered Consumption
4 Total
Water Audits and Fhes WP Unbilled Metered Consumption
Supply Consumption
Loss Control Programs ol PROP e Dol ol e
Apparent Unauthorized Consumption : Non-
Losses Meter Inaccuracies & Data Errors ki
4t Ed. (2016) P
' Leaks from Transmission & Mains

Real g "
Leaks from Service Lines
Losses Betwwen Waker Main and Qustomer’s Meler

. Leaks & Overflows from Storage Facilities

— -t

How f)o We Eliminate The Loss ?

 |dentify Water Loss (\Water Audit)

» Implementation of Leak Detection Program

THE WORLD
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Water Audit

* Reallosses
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Background leakage

Un-reported and un-detectable
using traditional accoustic
equipment.

Tools
Pressure stabilization
Pressure reduction

Main and service
replacement

Reduction in the number
of joints and fittings

°

Un-reported leakage

Often does not surface bt is
detectable using traditional
accoustic equipment.

Tools
+ Pressure stabilization
* Pressurereduction

+* Main and service
replacement

* Reduction in the number
of joints and fittings

¢ Proactive leak detection

Reported leakage

Often surfaces and is

reported by the public or utility

workers

Tools
Pressure stabilization
Pressure reduction

Main and service
replacement

Optimized repair time




Leak Localization

« Acoustic monitoring through leak loggers
— Capable of checking the entire distribution network multiple times per year or even daily
— No leak detection experience required
— No technical skills required — loggers are magnetically attached to valves
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Leak Pinpointing : Correlation

« Traditional correlation methods can be used

ENVIRONMENTAT
ENGINEERING GRUOP
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Pressure Management

Water Pressure Management Diagram
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o

H b s -
e = . — i o

THE WORLD
0w e N WA

-\_\_\h\ 14|
104 i = o a7 P

390 pai

o 2018
|l bt 131.2 pei
50.8 2015°
%0 lE 1925 i
i
£9.0 pri




Pressure Management

« When adjusting the pilot, screw in and the PRV increases
pressure on the outlet, by venting water from the PRV top

chamber

— Water in the top chamber then pushes the PRV seat down and
releases the seat upwards when water is vented

B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP
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Pressure Management
« Methods of PRV Control

— Fixed Qutlet

» Delivers constant outlet pressure.
+ Designedto give target pressure at Critical Point (CP) at peak flow.
» Therefore also gives excess pressure at other times.

— Time Switched Control

+ Stepped variation in PRV outlet pressure at specific times.
» Removes excess pressure at specific time.

» Simple and low cost.

+ (Can cause pressure surges when reopening.

— Flow Modulation
» PRV outlet pressure varied according to through flow.
+ The Aim is to achieve flat pressure at Critical Point (CP).
+ More complex, higher cost of construction.
J—— S » If PRV sized correctly will deal with fire demands and create a calm network.
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Pressure Management
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Pressure Management

o

PRV Whth
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Pressure Management

PRV Iniet  puds
55
EH
PRY Outlet *
45
35
R o
Z % #.-_____.-'"'#3
g % #"##.#F E IH g
o & - : :
g = § o z
)
= I
~ | Flow e
H
by
H

R —§Y§Y,—S,———.
Controller Installed- Leakage fn oo .
;ﬁﬂm II
saved 30 G per min- 66% Saving — 24/7 savings !!
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Pressure Management

- Dramatic and Instant Leakage and Distribution Input
Saving

« Increase in initial savings due to decrease in CP target
settings

« Significant stabilization of network pressure

« Stable Pressure means reduced:
« Bursts
« Leakage Recurrence
+ Detect and Repair Activity
« Cost to maintain stable leakage level
« A calm network for Operations and the Customer
e * Number of unscheduled network events

e —

AW ' THE WORLD e
(e @ viscrve N WA




6.3.1 Definition and purpose of OMAs

A district metered area (Dl A) is defined as a discrete area of 3 water distribation netwarlk.
It is nsually created by closing boundary walwes so that it remains flexible to changing
dernand:. However, a DM A can ako be creared by permanently disconnecting pipes 1o
neighbonring areas. Water flowing into and oot of the DM A is metered and flove are peri-
odically analysed in order to monitar the level of leakaze. [5%] DllAs can principally be
ctegodsed into three different types: single inlet D As, multipk inlet Dhlfs and cascad-
ing DhlAs, as illostrated in e &2

Figure b2 Typical layout of OMAs, based an [22]
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Figure 6.3 Relationship between the flow rate, pressure and leakage components, based an [58)
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Figure 6.4 aimplified view of pressures within a distribution network

Resanvoir Pressure curves (Lines of charge, or energy)
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miltCIrcy

CONCLUSIONS o M

How to achieve and maintain a low level of NRW?

» Develop a holistic NRW master plan based on the analysis of the current
NRW and the state of the water distribution network, which can serve as
the basis for upcoming investment plans and their projected returns

» This is followed by a continuous focus on monitoring and optimising the
water distribution to maintain a low NRW level

> Ongoing monitoring and pressure management are best carried out by
breaking down the distribution system into smaller DMAs

» The quality of installed components such as valves, pumps, pipes and
metres etc. also play a key factor in reducing the water loss, since
operating costs and repairs are often more expensive than the product
itself

» Carrying out a successful NRW programme requires commitment from all
organistional levels as well as trained staff, who work continuously on
keeping NRW levels low

» Capacity building at all staff levels in the utility is a key element

AN THE WORLD |INE(Y) _ 108
X
(;”IG - @ BANK m‘-wﬂg l= = m




B\ ENVIRONMENTAL
¥ ENGINEERING GRUOP

X
EMG

| CASE STUDY

This project is as a Case Study done by NBW using Darwin Calibrator functionality within Bentley System —
WaterGems and with technical support of World bank Institute.

Darwin Calibrator is an optimization module that uses genetic algorithms to calibrate hydraulic models of
water distribution networks

One of the operations available in this module is ‘Detect Leakage Node, which enables pinpointing of
potential leak locations

The main purpose of this project was to gain a better understanding of the practical processes involved in
using hydraulic models in a dynamic way for the purposes of localising bursts for detection teams to target

In addition, the project identified potentially closed valves and investigated the optimum number of
pressure loggers required

With each DMA analyzed, the approach became more structured and adjustments were made to the leak
analysis process

This presentation describes the final methodology developed using the experience gained and lessons
learnt from this project
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Abstraction Water treatment Ball valve
mater works replacemenit

Sarvice Rasoreoir

h_.

RBesareoir
e rflow

N\

Raw water

draim
Production  Meter calibration . ]
metar point = eservoir
@ leakage
5upp|:.rz|:|ngﬂ
bulk meter
C] -1 t==DMAmeter [
Closed - - -
valve . = Pressure control ?V- n
' District meter h[lnsed valve
Inter-supply area (DMA) K\LEEIHE -~ N
“one "'Etfli Leaks _ inmains N,
!
s
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Typical DMA Layout Sub distirct meter

measures flow into smaller
area e.g. 1000 properties

Intake and
treatment works District meter measures
flow into districts e.g.
Bulk meter 1000-3000 properties
¥ 4 into supply zone
River Mains\'. M
Source meter o
measures -

total output -7~ “
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Flow rate vol/hr

ENVIRONMENTAT
ENGINEERING GRUOP

Typical 24-hour DMA flow profile

Varying customer use

I O
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Five DMAs were selected\
for the study
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DMAs )

DMAs frequently
approaching their entry levels

h rate of rise

ig

and thus often scheduled for

J

leakage detection

\
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~N
J

2 ‘stubborn’ DMAs

DMAs where the exit level
was never achieved, and the

estimate of achievable MNF
is a significantly lower than
that achieved
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Modelling & Calibration

CE v’der
Cibltmg
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8 Darwin Calibrator (DMA WAS final.wtg) =)
g
A-XmE-7H@E e Field Data Snapshots | Roughness Groups | Demand Groups | Status Elements | Caiibration Crteria | Notes |
@ Snapshot Run 1 _J Q X Representative Scenario: [No Leakage vJ
=] Snapshot Run 2
- @ New Optimized Run - 3 Label | [ Label [ Date | Time | Time
=@ New Optimized Run - 4 All Snapshots ( Eﬂ Darwin Calibrator (DMA WABS final.wtg) sl
=3 Solutions S2Timel — S— = —
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Emitter Coefficient (L/sm H20)"n)

- <=0.280
@ <0420

@® <=os60
® <=o700

Fab_Leak

The plot shows the identified leakage emitters. All emitters are in the
vicinity of the detected leaks.
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Number of

Number i
of leaks Results of field investigations
identified . VAIVes
identified
High Rate of No leaks or closed valves confirmed.
DMA1 Rise 3 12 Software bug found on closed valve analysis.
Hich Rate of One leak confirmed; one not confirmed; two unable to
DMA2 8 Rise 4 2 investigate.
Both closed valves confirmed.
DMAS3 High I.Rate of a 2 Three leaks confirmed; one not confirmed.
Rise No valves found closed.
DMA4 High I:{ate of 3 1 All leaks confirmed (5 leaks found).
Rise Valve not found closed.
DMAS Boundary valve found open. Analysis not possible.
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Detailed Analysis
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Splitting Leakage into Bursts and Background

Emitter Coefficient (L/s/(m H20)*n) o 120 3]
0 <=0.280 » il |
. <= 0.420 - _w
3 =
® <=o0s560 o £
£ i

@® <0700

W Leakage W Demand o Background MUWts W Demand

19 logged points, final results

Det. Leak 1 Det Leak 1

Detl. Leak 3
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Investigating difference between modelled and observed

flow rates
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Fitness Fitness

Fitness Type: [M‘nimize Difference Squares v] Fitness Type: v]
Head per Fitness Point: 0.01 m Head per Fitness Point:

Flow per Fitness Point: 0.01 m/h Flow per Fitness Point:

Flow \wleight Type: [Squate - J Flow \Weight Type: vJ
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Optimising the Numbers
of Pressure Loggers

‘ 19 logged points

@ 11 logged points

. 7 logged points
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Op tim iSin g th e Numb ers 19 logged points, final results f
of Pressure Loggers

Det. Leak
Emitter Coefficient (L/s/(m H20)*n) P e «f\ﬁm
Faly_Leak o
<=0.280
@ <=0420
® <=0560
® <0700
11 logged points, bursts leakage only ! 7 logged points, bursts leakage only
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Optimising the Numbers
of Pressure Loggers

Logger locations selected
manually

Logger locations selected
using Darwin Sampler
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Optimising the Numbers
of Pressure Loggers

Results - Logger
locations selected
using Darwin

Sampler

Results - Logger
locations selected
manually
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| 1000,000 Trials with roughness changi | | 1000,000 Trials no rough hanging |
Solutions 1 2 1 ' 5 solutions 1 } 1 ]
Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted
I 1,000,000 Trials with roughness changing I
Node
FL121 olution 1
FL137
FL15S Original Darcy- Adjusted Darcy- Adjusted Darcy- Adjusted Darcy- Adjusted Darcy- Adjusted Darcy-
FL152393303 Weisbach e Weisbach e Weisbach e Weisbach e Weisbach e Weishach e
533903 Adjustment Group Link {(mm) {(mm) {mm) {mm) {mm) (mm)
sazspd  New Roughness Group - 3 WEX-MT700848 0.99 0.495 0.495 0.435 0.435 0.435
N936006 New Roughness Group - 3 53407975 1.5 0.75 0.75 0.75 0.75 0.75
& h
F a N936448 New Roughness Group - 3 53407978 0.01 0.005 0.005 0.005 0.005 0.005
New Roughness Group - 3 53407979 0.01 0.005 0.005 0.005 0.00S 0.005
40 3
[ N937497 New Roughness Group - 3 53402177 0.01 0.005 0.005 0.005 0.005 0.005
= sazead New Roughness Group -3 P-2 0.2591 0.1295 0.1295 0.1235 0.1295 0.1295
D E 533984 New Roughness Group - 4 53407535 1.5 22.5 22.5 22.5 225 22.5
[£3] New Roughness Group - 4 53407536 1.5 ] 22.5 22, 2. 22.5
533389 h 340753 22 2 S 22.5 2
g % zgggg New Roughness Group - 4 53407537 1.5 22.5 22,5 22.5 22,5 22.5
scGroypn -4 9340
= c03480 New Roughne 7538 1.5 22,5 22.5 22.9 22,5 22.5
= = e New Roughns
New Roughng I 1,000,000 Trials with roughness changing I | 1,000,000 Trials no roughness changing I
New Roughns
New Roughngd Solutions 1 2 } 1 5 Solutions 1 1 S
New Roughns Original Adjusted Adjusted Adjusted Adjusted Adjusted with roughness no roughness tlusted Adjusted
New Roughnd  Link Status Status Status Status Status Status ) e T ) - . tus Status
New Roughnd 53407681 Open Open Open Open Open Open No of trials 1,000,000 1,000,000 ben Open
New Roughng 53407729 Open Closed Closed Closed Closed Closed Solution Fitness Fitness osed  Closed
53407682 Open Open Open Open Open Open Solution 1 270.53 370,11 ben Open
53407585 Open Closed Closed Closed Closed Closed i hen Open
Solution 2 370,54 370,12
Solution 3 370.57 370,16
Solution 4 370.58 370.17
Solution 5 370.60 370.19
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Darwin Calibrator
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WWW.BENTLEY.COM
WaterGEMS. Water distribution mi

— Darwin Designer. Model
~ Darwin Calibrator. Netwo
WATER = WaterSAFE. Advanced wa
—— Skelebrator. Network re
HAESTAD HAMMER. Transient flow analys
METHODS SCADA Connect. Supervisor

WATER SOLUTIONS

SewerGEMS. Urban sewer modeli
SEWER

25 years SewerCAD. Sanitary sewer design &
130,000 users

170 countries

CivilStorm. Stormwater manage

STORM PondPack..Detention'pond_cgdgsiigﬂ;

FlowMaster. Hydraulios caloulator
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WWW.BENTLEY.COM

WaterCAD & WaterGEMS N foGEME VR

XM Edition

ArcGIS
platform

LoadBuilder

Windows

Terrain Extraction (TRex)
Stand-alone

ModelBuilder
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MicroStation
platform

Darwin Calibrator
Darwin Designer

AutoCAD Skelebrator

platform
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WWW.BENTLEY.COM

WaterCAD Modules

Availablefor WaterCAD
Included with WaterGEMS

rrrrrrrrrr

e — Darwin Calibrator
P B S Automated model calibration

Darwin Designer
Optimized and automated network design.
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¥ ENGINEERING GRUOP

Skelebrator

Hydraulic-smart network reduction

HAMMER
Water Surge and Transient An gBENTLEY'
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WWW.BENTLEY.COM
WaterGEMS. Water distribution mi

— Darwin Designer. Model
~ Darwin Calibrator. Netwo
WATER = WaterSAFE. Advanced wa
—— Skelebrator. Network re
HAESTAD HAMMER. Transient flow analys
METHODS SCADA Connect. Supervisor

WATER SOLUTIONS

SewerGEMS. Urban sewer modeli
SEWER

25 years SewerCAD. Sanitary sewer design &
130,000 users

170 countries

CivilStorm. Stormwater manage

STORM PondPack..Detention'pond_cgdgsiigﬂ;

FlowMaster. Hydraulios caloulator
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Background

 Darwin Calibrator is an optimisation module that uses genetic
algorithms to calibrate hydraulic models of water distribution
networks

 One of the operations available in this module is ‘Detect
Leakage Node’, which enables pinpointing of potential leak
locations

« The main purpose of this project was to gain a better
understanding of the practical processes involved in using
hydraulic models in a dynamic way for the purposes of
localising bursts for detection teams to target

- In addition, the project identified potentially closed valves and
investigated the optimum number of pressure loggers
required

Crowder Consulting - Netbase

o (E e worw |nesooHe b NORTHUMBRIAN &
@G : @ BANK mhwﬂg @p e m WATER (iving waler Ci'“"'




WWW.BENTLEY.COM

Darwin Designer

Automated design

Evaluate thousands of design and rehabilitation
alternatives that meet your hydraulic constraints,
maximizing hydraulic performance and savings to

your Capital Investment Program (CIP).
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Enter design requirements (Max./Min. pressures & velocities)

Assign cost tables or functions
Determine optimization objective (Cost, benefit or trade-of)
Let Darwin find thousands of valid design solutions

WL PR e

Choose an optimum solution for implementation
=3 BENTLEY

W
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WWW.BENTLEY.COM

Darwin Calibrator

Automated calibration sttt wm SR -
; 3 Darvn Cabbester =)
SN IFEIFES =] =P . | |
e e
N Rt
é % Streamline the time-consuming model calibration ’ - R -
g 5 process and make sure your decisions are based - )
=) E on a model that truly reflects the real world. 4-~ -t
+ =
= =
1. Enter multiple field measurements for calibration

2. Let Darwin generate millions of possible solutions
3. Create a calibrated model using optimum values for
pipe roughness, junction demands and element status
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FIGURE 2 Darwin calibration illustration of comparison between the observed
and simulated pressures over 24 hours

— Observed
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FIGURE 3 Example of comparison between observed and simulated flows
over 24 hours for a large-diameter pipe
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Conclusion and Lessons
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| = The robustness of the solutions obtained is highly dependent on the best possible
definition of the network configuration (valve status) and its physical condition (i.e. pipe
roughness)

= A refined approach to the night time demand allocation can also have a significant impact
on the accuracy of the results

= Hydrant flushing should be arranged during the night time field tests to enhance hydraulic
gradients through the network

* The location of the loggers should ensure an even coverage of the whole of the area

B\ ENVIRONMENTAL
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= High initial cost of work required and effort involved in bringing DMA models up to
standard

= Risk and effort related to the flushing exercise that is essential
= Enhances the quality of final model calibration

= Found successful in locating ‘hard to find’ leaks on ‘stubborn” DMAs

= Significant benefits to the location of unknown closed valves
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SAVE WATER
SAVE LIFE

NO WATER SAVE WATER
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