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ABSTRACT

The primary goal of this study is to review theraydic performance of the existing distribution
system of the city, Addis Ababa, Legedadi subsysteoh is aimed to help the city understand its
distribution system needs and assist them in leng-planning of water assets.

The scope of the study is to evaluate the perfoceanh the existing drinking water distribution
system using hydraulic simulation software in ind¢ign with GIS, and recommends the possible
remedies to improve the efficiency of the existygjem.

The hydraulic simulation software used for thisdstus Water CAD V8i distributed by Bentley
Systems. Bentley Water CAD V8i was selected degsw of model building and operation and its
greater programming capabilities as compared to BB

Hydraulic modeling of the system is performed hysatering the system as a continuous supply
system, and the evaluation process adopted then@edePeriod Simulation method. The system
has been checked for different scenarios and ateres to deepen our investigation. Considering,
the model is calibrated at specific locations art tresults with field measurements show
reasonable difference, so that we use some finegwmsing Hazen Williams C —value to align
with the field data.

As a matter of fact, | have proved that, thereyidrhulic inefficiency in the existing water system
to serve the city (Legedadi sub system) and to waghethe future demand.

The outputs show that the network is exposed #dively high and low values of pressure and
velocity, which have negative effects on the peréorce of the network as well as in the water
quality of the system. Besides, failure is foremdésin considering the age of pipes for re-
installation and maintenance. As a result, Pipethwiges more than 30 years are replaced and
over and under sized pipes have been re-sized.egaestly, the Hazen Williams C-value has
been totally improved and it enhances the systeforpgance.

The evaluation study of the water hammer in theisddtaba distribution system, which has been

implemented to investigate the effects of this pfmema shows that the water hammer values
increase by increasing the velocity of water ingsipand the values of shock pressures were within
the limits of the shock pressures in water pipesesys.

In the study, the major hydraulic parameters, theations, and the relations between them and
other factors, which control the performance of thater supply networks are considered and
discussed in detail during analysis.

To this end, the network is assessed and possibleations are given for Optimum water supply
network even using Darwin Optimum Pipe Network @i tool so as to at least the system meet
the required design criterion as a constraints. Blrer, the Legedadi subsystem has been
categorized for 14 optimum Pressure zones withr tkherresponding Reservoirs (Pumping
stations).
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1 INTRODUCTION

1.1 General Background

Addis Ababa was established as the capital cittbfopia in 1886 and has grown to become
the largest urban and commercial center in the tepuBuring its early years, the principal

sources of water were the numerous springs locatede foot of Entoto Mountain and hand
dug wells located in the lower areas. The largeingp were tapped and fed into a number of

small tanks for local distribution [9].

Continued growth necessitated the constructiod988, of a plant at the foot of Entoto to treat
water from a number of springs and the nearby Keelitiver, and in 1944 the original Gefersa

dam located North West of the city was constru¢®é.d

The GefersaDam was raised and a treatment plant built in 19@flle many of the springs
were taken out of service because their quality dedsriorated. In 1966, the raw water storage
capacity in theGefersawatershed was increased with the constructionnotheer small dam
north of the existing dam. This dam was also asgumessist as a sediment trap. At this time
primary source of Addis Ababa’s water supply releedtheGefersafacilities. The supply from

Gefersawas transmitted via twin 400mm pipelines to nieeviee reservoirs for distribution [9].

The next major phase of expansion of the water Igujppilities commenced in 1970 with the
commissioning of théegedadiDam and treatment plant, which was located on tkekiARiver
east of Addis Ababa. The plant’s output of 50,00%day was transmitted via 900 mm pipe line
to the Terminal Reservoir on the city’'s Easterneedgd to Meskel Square in the city’s center.
To transfer and distribute these additional watiditeonal reservoirs, pumping stations and
pipelines were constructed in the eastern and eortareas of the city. These facilities came to

be known as the Stage | Water Supply Project.

The third huge water source of Addis Ababa has lmgrored from Ground Water source;
which is the Akaki well field is situated southea$tAkaki town and about 22 km south of
Addis Ababa. The well field covers an area of atiduknft.
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A total of 35 wells are drilled within this areab production wells, four monitoring wells, four
wells for water supply to Akaki, one well for isp® sampling, and one deep test well. The
Akaki well field was put into operation in 2001. & bapacity of the wells is 347 I/s.

Further development of the water supply facilitiess pursued during the 1980s under the Stage
[l Water Supply Project [9].

The First phase included expansion at tlegedaditreatment plant, construction of a new
transmission pipeline into the city, the rehabiida of the Gefersatreatment plant and the

construction or upgrading of several reservoirs gunaping stations throughout the city.

The second phase included extensive primary an@ndecy pipeline installations and
improvements to the distribution network. The cayaaf the supply facilities, of 150,000 and
30,000 ni/day respectively for Legedadi and Gefersa wergepted to be adequate to serve the
need of Addis Ababa up to 1992.

Planning for a Stage Il water supply program comecegl in the early 1980’s, when a
reconnaissance study was undertaken of all potentiger supply sources located within a
50km radius [9]. In 1991, feasibility studies anetlpninary designs were completed for the

development of a number of sources to serve thaaihe year 2020 [9].

The delay in the implementation of Water Supplyg8tdl-A (WSS Ill-A) project called for an
emergency program to fast-track the developmemivofwater supply projects. These are part
of the Akaki well field and the Dire dam, which azempleted and both are under service. In
addition, a program of spring rehabilitation andebbole drilling has provided improved water
supplies to outlying areas of the city not yet smga by the distribution network Additional

programs are underway to reduce leakage losset® amprove operational efficiencies.

According to three principal sources, the city tlage main subsystems Namelyegedadi
Gefersaand Akaki subsystem. The three subsystems have additiooahdrwater well sources
apart from their principal sources. This thesidasused on thd.egedadisubsystem of its
hydraulic network modeling.
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1.2 Problem Statement

Addis Ababa has been suffering from the discontisusupply of water in the distribution

systems. The production of water from the soursdsnited and can not satisfy the need of the

beneficiaries, especially at peak hour demand tlereigh scarcity of water. Though the

production of water is lesser than the demand efdity, it is possible that to improve the

existing water distribution system (network) to gwoe better pressure head and flow than the

existing system output. As a result, here are tapnproblem statements of this research work.

The existing distribution system shows excess aedative pressure heads in the
system. Pressure head above 140m & negative peessearobserved in the system.
(according to the accepted design criteria in ®@41Review AWSSA Report) [1].

In addition, the existing distribution system oé ttity is divided into 13 subsystems, the
categorization is only considers the geographigstridution of the city, so that the

system requires the pressure zone adjustment vatbuitably limited range of pressure.

[1]

Since the exiting data management and manipulasionainly manual and uses local
systems. The GIS application and integration whhwater system is hardly practicing.
Besides, it is important to perceive the systemDarwin Optimizer of water CAD,

which predicts the possible optimum pressure atatitg considering the constraints of
the distribution network, further, it is fundamdnthat to identify the nodes having

critical scarcity of water.

Thus, the study annotates degedadisub system as a case study considering the actual

condition of the system. In addition, it is clebat the sub system is upgrading, thus before that

it is a critical action to examine the existingteys first.
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1.3 Objectives of the study
1.3.1 General objective:

The main goal of this study is to evaluate the hytic performance of the Addis Ababa water
supply networksl{egedadiwater supply network as a case study) taking intmant the effects

of local operating conditions.

1.3.2 Specific objectives:

The detailed objectives of the study are the foihgy

1- Investigate the existing water supply networks afehtify the existing water supply
problems.

2- Evaluate the hydraulic parameters, and the relatmmong them and other factors,
which control the performance of the water suppétworks. Study the hydraulic
parameters in the water distribution system (pmressielocity), with respect to time.

3- Model the existing water supply system as a cootisuwater supply system- Examine
the system for possible Optimum Condition.

4- Integrate the hydraulic water distribution softw@¢ater CAD) with GIS tool.
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1.4 Significance of the study

The significance of this paper is to evaluate thdraulic performance of the water supply
networks (Addis Ababa water supply systdmgedadisub system as a case study). This is to
analyze the sub distribution service and contsbjeration using the computer model (Water
CAD) analysis with GIS integration, since the cisyaffected by the intermittent supply of

potable water.

The performance of Addis Ababa water supply netwdr&came one of the most critical issues
in the water supply sector that requires immedsatén as the system repeatedly supplies the

discontinuous supply of water.

As the demand on water increases due to the papulgtowth rate, and the increase in per
capita consumption, the defect in the performarnicéh® water network led to the negative
influence in most of the socioeconomic sectorssTducurs because of the aged pipe system

(especially in the old parts of the Addis Ababayit

Water distribution systems are designed to adetbyuasgisfy the water requirements for a
combination of domestic, commercial, industriald dine fighting purposes. The system should
be capable of meeting the demands placed on ill din@es and at satisfactory hydraulic
performance [1]. It should enable reliable operatauring irregular situations and perform

adequately under varying demand loads [2].

In our region the design of water distribution syss$ is implemented by using universal design
factors without taking into account the effectdamfal conditions, so that the design parameters

should be modified to achieve water requirements.

Many sectors of water distribution systems in mpatts of Addis Ababa suffer from the
deficiency of water supply quantities and sharpatricy in the pressure, so that to achieve the
consumer demand at satisfactory levels, it mustrong and increase the efficiencies of the

water distribution operating and management systems
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The availability of water makes it possible for quing water to the consumers at 24 hours with
a constant flow rate, if water is not availablesirfficient quantities then it should be pumped
for shorter time periods at higher flow rate to e demand of the consumers, and a storage
tank in this case for the entire city is usuallpypded in order to provide storage where the
pumping rate is higher than the demand at nigh¢ginand this storage can be used in the case
that the pumping rate is below the needed demand fo equalize the pressure in the network

in the cases of pressure increasing.

The water shortage and the conditions of topogaphmost of Addis Ababa parts forces to
divide the water distribution networks into sevepakssure zones through which water is

pumped alternatively.

This research is part of studies in which reseaschteidy the performance of water distribution
systems. This study is to investigate the statbexisting water distribution system (Legedadi
water distribution system as a case study) anduatalthe hydraulic performance of the water

supply network under varying conditions of supply.

Using multi platform environments, model buildirgytaking place by compiling from different
data sources. So that Water CAD is responsibleadainmanagement and hydraulic analysis.
As a result, results are carefully analyzed andpamed with the standard design criterions. The

system is also, evaluated for different operationditions.

Hence, this report could be a significant input A&«WSA to re consider their system and take

any necessary measures during upgrading & rehetiolit of the system.
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1.5 Study Structure

This research consists of eight chapters includigyintroduction in chapter one. In chapter
two, description of Addis Ababa water resources thedstate of the existing water distribution

systems.

Chapter three, narrates on literature review, ¢hegpter tries to present some literatures written
by other authors which have similar research issugsthis research paper.

Chapter four contains details on the Materials Methods- Model building, elaborates the
ways and tools of the thesis that we use to acloevegoal and discusses on the steps taken to
construct the model of the existing drinking watestribution system of Addis Ababa city.

Chapter five describes in detail on the integratddnGIS with water distribution modeling
software, Water CAD, and describes in brief abtwat importance GIS in water distribution

system.

Chapter six, modeling of Addis Ababa water disttibn network as continuous supply system,
studying a pilot zone of,egedadisub system, and it elaborates the evaluation psoadopted
trough the Extended Period Simulation method. dbéht scenarios and alternatives to deepen
our investigation have been conducted and the atrafu of the effects of water hammer

phenomena in the system is also the discussedsictiapter.

In chapter seven, results, and findings get fromming the hydraulic model is discussed in
detail. The hydraulic parameters, the variationg] #e relations between them and other
factors, which control the performance of the watepply networks, have been analyzed in
detail.

In chapter eight, conclusion, and logical recomnagiods have been given based on the results
and findings get from the system hydraulic modepngcess.
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2 THE EXISTING WATER DISTRIBUTION SYSTEM

2.1 The Major Water Resources of Addis Ababa

The city of Addis Ababa was originally served bywamber of springs located at the foot of
Entoto mountain ridge together with a series ofdhdng wells. Part of the spring water was

treated at the Entoto plant, which was commissiond®38 [1].

Currently, the city of Addis Ababa gets its watepgly from both surface and ground Water

sources.

Addis Ababa is at present supplied mainly with acef water from thé.egadadi, Direand
Gefersareservoirs, with additional supplies from groundsvgbumped from the ground water
source is from Akaki ground water (Akaki well fi¢ldprings and wells with in and near Addis
Ababa [1].

There are three main surface water dams as soarcihd surface water supply. These are
Gefersa, Legedadi, and Dire. According to the thmeecipal sources, the city has three main

subsystems nameliiegedadi, Gefersa, & Akakubsystem [1].

There are two conventional water treatment faesitinamely egedadiand Gefersatreatment
plants to supply the treated water to the city frihv above different sources. The location of

the Addis Ababa water supply sources is shownaerfifure 2.1below.

At present, the water production of the city laokegadadi (165,000 nyday), Gefersa
(30,000 ni/day) and the emergency supply (for some 20-25syazfrtheAkaki Groundwater
field 38,000 m3/day, and other wells and springgaled within the city produce
85, 597m3/day, hence the total daily water producis estimated to be 301, 597 m3/day. Out
of the total production 65% is from the surfacerses and the remaining 35% is from ground

water.
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Figure 2-1 Addis Ababa Water Resources
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2.2 Water supply

Table 2.1: Addis Ababa Water Resources and Production

Source Name Unit Years
2005 2006 2007 2008 2009 2010
Legadadi M3/day 156,389 | 163,053 | 164,489 | 164,966 | 165,264 | 165,00(
10°M3/year | 57,082 59,514 60,038 60,213 60,321 60,225
Gefersa M3/day 22,782 22,297 23,197 20,596 28,959 30,00(
10°M3/year | 8,315 8,138 8,467 7,518 10,570 10,950
Akaki wells M3/day 35,452 36,612 41,035 46,088 46,088 43,00(
10°M3/year | 12,940 13,363 14,978 16,822 16,822 15,695
City springs& wells | M3/day 4,757 5,052 7,658 10,433 | 28,249 | 62,00(
10°M3/year | 1,736 1,844 2,795 3,808 10,311 22,630
Deep wells M3/day 1,597 1,597
10°'M3/year | - - - - 583 583
M3/day 219,380 227,014 236,379 242,083 270,157 =W0A,
Total Production | 10°M3/year | 80,074 82,860 86,278 88,36( 98,607 110,083

2.3 Water Demand

The indicator for measuring the level of water aonption is the amount of water consumed
per capita per day (l/c/d). Water consumption igiction of availability, religion, climate
conditions, and affordability. Another indicator eds in measuring the level of water
consumption is the quality of delivered water. Bngral, water utilities have to follow WHO

standards for domestic water [1].

The existing AAWSA water Supply design criteriom &xpansion areas are based on the study

done under water supply project 111 [1].

Designing of the water scheme for the future conion is surely based on the water demand
forecast.

The total billed volume of water for the year 2088, obtained from AAWSA's records, is
about 62.35Mm3. About 50.4% is accounted for doimestnnected users, consumption of

48% is consumed by non- domestic users and 1.7c#nsumed by public tap users [1].
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The Arada branch has the highest percentage ofdaprestic consumption about 67%, most
likely because it is a high density urbanized amdeere development of own water source

(boreholes) is not possible due to the topograghy [

2.4 Future Potential Water Demand

The population of Addis Ababa will be around 4Miti by 2020. The projection was based on
the national population census of Ethiopia, 200% Ppopulation growth rate is considered to be

2.1% per annum [1].

Table 2.2Average daily water demand of Addis Ababa cityddferent periods

S.No Year Water % of
demand (l/c/d)| increment

1 1994 98

2 2002 123 26
3 2006 140 14
4 2011 161 15
5 2020 192 19
6 2025 229 19

Mode of the supply to the most of the populatiomasise connections, yard connection stand-
alone, yard connection common, public fountaingdl these mode of supply cover 97% of the
town population as per the 1999 CSA publicationAoldis Ababa. Less than 3% receive their

water in other ways (boreholes, rivers, etc) [1].

The billed water amount is about 63.5% of the tBfaduction and around 36.5 % of produced
water is considered to be non revenue water (NRM@arly half of the billed volume is
consumed by non domestic customers. The existingrvgapply coverage is estimated at 81%

with a supply of an average of 37 l/c/day for dotizesustomers.

For our study area: Legedadi Pop: 1,636,307.27rdocwpto (CSA, 2007), the existing Water
demand per head: 161Lit/cap/day.

Legedadi sub area Total Water demand is: 263,44Bl3/day and its water production is
165,000M3/day, which is un- reconciled.
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Figure 2.2 Locaion of Addis Ababa water supply network-subsystems
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Gefersa subsystem includes supplies from Gefeestntient plant to service reservoirs of
Rufael , St Paul and Ras Hailu [1].

Legedadi subsystem includes supplies from Legedat#r treatment plant to service reservoirs
of Kotebe terminal, Karalo, Ankorcha, Jan meda, ri@éPalace, Teferi Mekonnen, Entoto,
AAWSA Main Office, Belay Zeleke, Police Hospitatpay Hospital and Kassa Gebriel and to

Pumping station to Urael and Mexico Square [1].

Akaki subsystem includes supplies from Akaki wietld to CT, GW1, GW2, GW3, Bole
Bulbula service reservoirs and Lebu service reses\b).
The three subsystems have additional ground waedr seurces apart from their principal

sources [1]. The thesis focused on Legedadi sulersys

2.5 Location of the study area

The study area Legedadi subsystem is restrictestlths Ababa city located between 469302
and 489606 easting (UTM) and 987441 and 1005636hingr (UTM). The total coverage is
240km2, 46% of coverage of Addis Ababa [1].
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Figure 2.3 Location map of Legedadi subsystem
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Figure 2.4: Photos of Legedadi Reservoir
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2.6 Water Treatment Plant of the study area

2.6.1 Legadadi Treatment Plant

The first stage olegadaditreatment plant was commissioned in 1970 with paciy of
50,000 ni/day. It consists of clarifiers followed by rapidrs filtration. The second stage of the
plant commissioned in 1985 and with a capacity @J,000 ni/day also consists of clarifiers,
rapid sand filters and Chlorination. Sludge is dsgd of directly to thékakiRiver [1].

2.7 Transmission Lines

2.7.1 Legadadi Transmission Main

The originalLegadaditransmission main, of DN 900 mm, was constructed970. With the
expansion of thé.egadaditreatment plant under Stage IIA, additional DN 0,40m and DN

1,200 mm transmission mains were laid [1].

2.7.2 Service Reservoirs

At present inLegedadiwater supply sub system, there are 14 Major Resenare located
within the system, having a total capacity of 68,98m3. Table 2.3: presents Service

Reservoirs Supplied froiregedadiReservoir [1].
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Table 2.2: Water Service Reservoirs Supplied from LegedaidRvoir

Name Code| No. Sub-system | No. of | Year | Construction | Capacity
served tanks Built material (m?)
Belay BZ 1 Belay
Zeleke Zeleke 1 1959 Masonry 1000
2
AAWSA MO 1 Interconnection 2 1956 Masonry 5000
main 2 5000
Ras Kass RK 1 Ras Kassa 2 1963 RC 50(
2 500
Entoto R3 R3 1 Upper Entotq 1 1973 RC 100
Entoto R2 R2 2 Upper Entotq 1 1973 RC 100
Entoto R1 R1 3 Upper Entotg 1 1973 RC 100
Entoto EN 1 Entoto 2 1940 Masonry 1000
2 1983 RC 2500
Teferi- ™ 1 Teferi- 3 1973 RC 1250
Mekonen Mekonen
2 1973 1250
3 1983 2500
Jan-Meda JM 1 Jan Meda 4 1973 125(
2 1973 RC 1250
3 1983 5000
4 1983 5000
Kassa KG 1 Mercato 2 1960 Masonry| 500
Gabre 2 1983 RC 2500
Army AH 1 Lagadadi 3 1963 500
Hospital 2 1963 RC 500
3 1983 5000
Ankorcha AN 1 Lagadadi 1 1983 RC 5000
Terminal 1 Lagadadi 2 - RC 10,000
2 1969 10,000
Gebriel GR 1 Gebriel 1 196( RC 1000
Ras Kassa 1 Ras Kassa 1 - - 30
upper
Palace 1 Gabriel 2 - - 300
2 50
Police PH - Merkato 1 1983 RC 250
Hospital
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Table 2.4: Methods of Supply from Reservoirs

Supplied from reservoir Supplied to reservoir Methal of Supply
Gravity Pumped
Legadadi Plant Terminal X
Terminal Jan Meda X
Janmeda Teferi mekonen X
Tefferimekonnen Entoto X
Entoto Entoto R1 X
Entot R1 Entoto R2 X
Entot R2 Entoto R3 X
Janmeda Gabriel X
Janmeda Awssa Main Office X
AWSSA main office Belay Zeleke X
Police Hospital Kassa Gabrie X
Terminal Angorcha X
Terminal Urael X
Teferimekonnen Ras Kassa X
Terminal Mexico Square X
Mexcio Police Hospital X
Terminal Police Hospital X
Belay Zeleke Upper Belay Zeleke X
Mexico Army Hospital X
Ras Kassa Upper Ras Kassa X

2.8 Pumping Stations

At the commencement of the study an inspectionagaslucted of all pumping stations. At the

time AAWSA was operating a total of 65 pumps inplBnping stations [1].

The pumps appear to be in good mechanical condifibere is slight weeping at the glands on
the drive shafts; however, this is usually not esoee and can be detected and attended to as

part of routine maintenance activities [1].
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Table 2-5: Existing Pumps and Pumping Stations in RegulariGerv

Pumping Code Pump | Design Head Delivery to Pump position
Station No (I/s) (M)
1 313 75 Jan Meda Res Working
2 313 75 " "
3 313 75 " Standby
4 150 75 Jan Meda Working
distributior
Terminal TR s 150 s )
6 150 75 " Standby
7 45 230 Army camp Working
8 4.5 230 " Standby
9 22 - " Working
10 22 - Upper Kotebe Standby
1 75 57 Teferi Mekonen. Working
Reservoir
75 57
100 32 AAWSA Main
Office Reservoir
Jan Meda IM 4 100 32
5 100 32 " Standby
6 52 57 Teferi Mekonen Working
7 52 57 " "
8 52 57 " Standby
1 86 63 Entoto Reservoi Working
2 86 63 " Standby
Jefere ™ 3 26 64 Ras Kassa Workin
Mekonnen _ g
Reservoir
4 26 64 " Working
EN 1 20 89 Entoto R1 Working
Entoto 2 20 89 " Standby
R1 1 9 55 Entoto R2 Working
Entoto R1 2 9 55 " Standby
R2 1 6 65 Entoto R3 Working
Entoto R2 2 6 65 " Standby
AAWSA MO 1 75 160 Belayzlekie Working
Main Office 2 75 160 " Standby
Belay Zeleke BZ 1 5 100 Belayzeleke Working
5 100 Distribution "
3 5 100 Standby
Police PH 1 75 98 Kassa Gabri Working
Hospital 2 75 98 " "
Mexico MS 1 167 30 PH collect Working
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Square PS 2 167 30 " "
Urael 1 50 38 Gabriel Working
2 50 38 " Standby
3 50 38 " "
Rass Kassa RK 1 8 130 Upper Ras Working
2 8 130 Kassa Working

2.9 Fire hydrants in the Legedadi sub-system

Table 2.6: Location of fire hydrants at the Legedadi sub=yst

FIRE_HYD
ID.No. X COORD | Y COORD SUB CITY BRANCH Name

28 478743.63 994862.94 Bole Gurd shoal
29 480044.81 995114.37 Bole Gurd shoal
30 480489.87 998376.7 Yeka Gurd shoal
31 480917.35 997482.55 Yeka Gurd shoal
45 475851.8 997244.2 Yeka Megengn
47 476446.05 996393.84 Wered 16 Megengnal
48 475765.8 995062.7 Wered 1 Megengn
49 475432.84 995993.23 Bole Megengna
50 477125.. 993057.6. Wered 1 Megengn
51 476374.82 994464.95 Wered 17 Megengna
52 476541.3 994582.2 Wered 1 Megengn
53 475918.8 993677.5 Wered 1 Megengn
54 474894.76 992417.98 Wered 17 Megengna
55 478337.0. 995924.7. Wered 1 Megengn
56 477489.88 995553.13 Bole Megengna
57 478184.7. 995383.2 Wered 1 Megengn
58 477375.66 996589.8 Wered 17 Megengna
67 471301.7 998344.2. Addis ketem Arade
70 471173.56 997721.44 Addis ketemd Arada
71 470624.5 997353.6' Addis ketem Arade
73 471439.69 998107.994 Addis ketemd Arada
74 471138.24 997404.89 Lideta Arada
75 471556.73 997489.01 Lideta Arada
76 470601.9 996930.5. Lidets Arade
78 471159.69 996460.2] Lideta Arada
79 471267.3 995847.7. Lidets Arade
80 474502.77 997784.84 Arada Arada
81 473559.3 997102.6 Arade Arade
82 474022.49 998240.74§ Arada Arada
83 474137.4 997911.; Arade Arade
85 473655.64 998409.74 Arada Arada
86 474232.8. 997170.3 Arade Arade
87 473188.71 996617.62 Arada Arada
88 472441.37 998079.97 Kirkos Arada
89 472583.1 997742.1 Arade Arade
90 473008.59 997853.84 Arada Arada
92 473210.3 997625.0: Arade Arade
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93 473036.89 998978.11 Arada Arada

94 471940.6' 998684.5. Arade Arade

95 472409.68 998463.93 Arada Arada

96 472810.7 998422.0 Arade Arade

97 472779.64 998291.55 Arada Arada

98 472769.3 997025.5 Arade Arade

99 474129.34 996476.32 Arada Arada
10C 474683.0 996565.6 Kirkos Arade

116 476423.76 998032.0¢4 Yeka Megenagn§
127 475953.4 998320. Yeka Megenagn

11¢ 477623.7: 997315.1 Yeka Megenagn
115 477039.9 996994.9] Yeka Megenagny
11¢ 482386.4 996997.5 Bole Gurd shoe

120 487038.22 996872.53 Bole Gurd shoal
121 485317.3 99699 Bole Gurd shoe

122 484483.08 998785.94 Yeka Gurd shoal
122 479630.9 997084.7. Yeka Gurd shoe

124 482470.12 998867.93 Yeka Gurd shoal
125 480553.37 994271.84 Bole Gurd shoal
126 473916.79 995836.2 Kirkos Megenagna
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Figure 2.5: Fire hydrants & Primary Valves Location of thei®t Area — (Legedadi).
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2.10 Distribution System

The existing 13 sub-systems of the Addis Ababa wityer scheme can be divided in three
groups according to their principal source of water: From Gefersa Reservoir: Rufael, Core-
Kolifie & St. Paul; From Legadadi Reservoir: Legddasabriel, Jan Meda, Teferi Mekonnen,
Interconnection Merkato, Entoto/Ras Kassa, Belalek#e From Akaki Well Field: Akaki,

Sarries, Legedadi West. But, for this study case,ave going to discuss only the distribution

systems on the Legedadi sub systems.

The sub-system primary lines, i.e. those havingameéter greater than or equal to 150 mm, are
included in computer model of the existing disttibn system utilizing WATERCAD and

shown in figure 2.2. A brief description of the ssystems is given below [1].

a. Belay Zeleke Sub-System

Belay Zeleke is located in one of the highest paftthe city and straddles Belay Zeleke road.
The area is supplied by gravity from Belay ZeleB&Z) reservoir, which is fed by pumping
from the AAWSA main office (MO) reservoir. Sometbe upper parts of the sub-system have

to be supplied by pumping from BZ reservoir [1].

b. Entoto and Upper Entoto Sub-System

This sub-system is situated in the highest parthef city. The area gets water from four
reservoirs — Entoto, R1, R2, and R3 — by pumps fifeferi Mekonnen reservoir. From Entoto

reservoir pumps feed R1, R1 to R2, and R2 to R&veg [1].
c. Ras Kassa Sub-System

This sub-system is situated in the northeast coohéne city. It is supplied from Rass Kassa
(RK) reservoir by gravity and from Teferi Mekonneservoir by pumping. The area is mainly
residential. Some of the upper parts of the sydtame to be supplied by pumping from RK

reservoir [1].
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d. . Teferi Mekonnen Sub-System

Teferi Mekonnen sub-system lies in one of the mgiortant zones, being the site of the
university, many Government offices and much conmimaéiactivity. The area is supplied by

gravity from Teferi Mekonnen reservoir, which iglfey pumping from Janmeda reservoir [1].

e. Interconnection Sub-System

This zone straddles Churchill Avenue from the AAWSKO down to Tikur Anbassa Square.
Its name is derived from its being the zone wheatewfrom the west can be transferred to
supply the east, and vice versa. The area is ®gppl gravity from the AAWSA MO, which is
fed by pumping from Janmeda reservoir. Largely cemumal in nature, this area contains many

of the main Government and municipal offices [1].

f. Mercato Sub-System

Mercato area, located to the west of the city eens a density populated and predominantly
commercial zone. It is supplied from Kassa Gebsereoir, which is fed by pumped supply
from the Police Hospital pumping station [1].

g. Janmeda Sub-System

This area is supplied by gravity from Janmeda xeserwhich is fed via a DN 900 mm line

from Terminal reservoir. In addition, there is atsgply from Terminal reservoir via a DN 400
mm line directly to the distribution network. It presents a combination of commercial,
institutional and domestic consumers [1].

h. Gabriel Sub-System

The area receives water partly from Gabriel reserfwehich is fed by gravity from Janmeda
reservoir) and partly from Urael pumping statioheTarea is primarily domestic. Its two major

commercial consumers are the Hilton Hotel and Aftitall (ECA) [1].
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i. Legadadi Sub-System

This is one of the largest of the sub-systems awdrs the entire southern half of the city. The
area is fed by gravity and utilizes three groupssefvice reservoirs, namely Terminal,
Angorcha and Army Hospital, all of which are fedrfr Legadadi treatment plant. In addition,
there is also supply from Gotera reservoir by pumgpdirectly to the distribution system, the
reservoir receiving water by pumping from the Akalgll field. The Police Hospital pumping
station also takes water from Legadadi sub-systerké&ssa Gebri reservoir. Consumers in this

sub-system are domestic, commercial and indugtijal
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3 LITERATURE REVIEW

3.1 Introduction

Several researches have been made to study theidrebhwater distribution systems, and to
reach an optimal solutions and assumptions in daéenprove the hydraulic performance and

cost effective of the water supply networks.

Jarrar H (1998) studied the hydraulic performarfosaier distribution systems under the action
of cyclic pumping; the results show that the netwaomnder consideration is exposed to
relatively high-pressure values throughout. Theoeigy of the water through the network

attained also high values. These high values ddsore and velocity have negative effects on

the performance of the network [3].

Earle Brown Dr. Suite 629 Minneapolis, made a studBistribution System Modeling
Improves Water Network’. The study shows that Wadetribution system modeling has
become a key tool in evaluating existing water oeks and planning for future development.
Modeling can show the weak links in a distributisystem. The key part to water system
modeling is the use of field data to calibrate toenputer model. Field data is gathered by
flowing a city fire hydrant and measuring the floate, monitoring a nearby hydrant for static
and residual pressures, and recording productidrstorage levels at the time of the test [6].

Genedese,Gallerano and Misiti (1987) were involvethe optimal design of closed hydraulic
networks with pumping stations and different floater conditions. Their study had two aims in
the design of water distribution systems. The figssininimum values of peizometric heads at

the nodes. The second is maximum values of vedsciti the branches [3].

Perez,Martinez and Vela(1993) suggested a methodgiimal design by considering factors
other than pipe size. Pressure reducing valves stgggested to reduce the pressure in the down

stream pipes [3].

S. Takahashi, J. G. Saldarriaga, M. C. Vega and Ferd” ndez, demonstrated that the
calibration process of water distribution systemdels allows for accurate and reliable

hydraulic analysis results. Thus, calibration isubhost importance if adequate operation and
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maintenance model-based procedures are sought.\ldowe emerging economies, there is a
series of factors that make it more difficult tonstruct accurate models, including very poor
information management, unusually high leakagesthagresence of a large number of illegal
connections. While some of the model variables assumed to be known under normal

circumstances, these factors make it necessagnsider them for calibration as well [8].

The team presents a calibration methodology flexériough to address such problems allowing

the calibration of pipe diameter, roughness ancniosses, and nodal demands and leakages.

Naeeni S (1996) developed a computer program, wéneloles to obtain the optimum design of
various kinds of water distribution networks sotthth constraints such as pipe diameters, flow,
velocities, and nodal pressures are satisfied [3].

Masri M (1997) studied the optimum design of walestribution networks. A computerized
technique was developed for the analysis and optitesign of water distribution networks.
The results show that the selection of the hydcaelstrictions should be reasonable and reflects
the real capacity of the water distribution sys{8in

AL-Abbase R (2000) showed that the optimum desi§rwater distribution systems is a
theoretical purpose, and cannot be achieved coetpldtis study dealt with evaluation the
performance of five big sectors in Mosul city. Angouterized technique was developed to
obtain the optimum design, which achieves the deismafh the consumers at lowest cost using
the commercial pipes [3].

James, Liggest and Chen (1994) made a study alitibdtion systems. Data about pressure
and flow rate were obtained by continuous monitph their system. Transient analysis, time
lagged calculations and inverse calculations wenaied as a tool for calibration and leak
detection [3].

James E.Funk (1994) studied the behavior of watstrilsition systems during transient
operations. He concluded that during transient atpmrs, pressure much higher than steady
state values could develop. The causes of transperation can be a result of pumps stopping

or starting, valves opening or closing, and syss&rtup or shut down [3].
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Laura Baumberger, Vincent Hart, and Samuel Darkvellowed theEffect of GIS-Based
Demand Allocation on Water Distribution System Miauig [8].

Hydraulic models can be used to analyze systemsendemand and operating conditions are
static or is time varying. The former type of modela 'steady-state’ model, and the latter is
referred to as an ‘extended period simulation’ ®&SEmodel. In this analysis, EPS mode was

utilized.

Water demand is the driving force behind the hylitalynamics of water distribution systems.

It is therefore critical to accurately represenndeds in hydraulic systems.

The most common method of loading a water distidioumodel involves the spatial allocation
of demands. Most water distribution hydraulic saftesleverage the spatial analysis abilities of
GIS software and use source data types such ascoged billing meter records, water
production data, census tracts, land use zoniaffictanalysis zones, meter routes, and demand

density information [7].
The objective of this article is twofold:

1. Compare water demands projected using populatfmmmation, land use, and customer

billing records.

2. Evaluate and discuss the effect of demand ditwcéechniques on water distribution system

modeling.

Water Demand Projection: is thwain purpose of water demand projection in the wai@ster
planning process is to identify sufficient watepply to meet the projected aggregated demand
curve. The projection of water demand through wdtenbuild-out provides a series of supply
targets that must be met in the years to come establishment of existing and projected future
demands is an early and critical step, and a nustalon can derail the entire master planning

process.

Demands have many uses besides distribution sysieteling, including supply planning and

setting treatment plant and transmission main aaesctherefore, it is important that demands
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are consistent with accepted water use charadtsretd available data and that they undergo a

thorough review process.

In this analysis, water demands were estimatedgutsiree methods: population projections,

land use information, and water production recrgls

Vairavamoorthy, Akinpelu,Lin and Ali (2000) suggedta new method of design sustainable
water distribution systems in developing countriEsey developed a modified mathematical
modeling tool specifically developed for intermittavater distribution systems. This modified
tool combined with optimal design algorithms witletobjective of providing an equitable
distribution of water at the least cost forms tlasib of this new approach. They also develop
guidelines for the effective monitoring and managetrof water quality in intermittent water
distribution systems. A modified network analysisogram has been developed that

incorporates pressure dependent outflow functiomaddel the demand [3].

Vairavamoorthy and Lumbrs (1998) studied the leakasgluction in water distribution systems
depending on optimal valve control. The inclusidnpoessure- dependent leakage terms in
network analysis allows the application of formatimization techniques to identify the most
effective means of reducing water losses in digtidm systems. They describe the development
of an optimization method to minimize leakage intevalistribution systems through the most

effective settings of flow reduction valves [3].

M.Y.Abdel-Latif (2001) assess the hydraulic behawaad evaluate the global performance of
Bani Suhila City water distribution network by déyg@ng a computer model for a distribution
network under actual existing and alternative coow, especially involving intermittent
supply. The performance of the network was evatuftem a hydraulic point view using a
systematic, engineering approach, and the resulisated that the performance was adequate

and the system provided an acceptable level ofcbased on pressure considerations [3].
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3.2 Basic Principles of Water Distribution System

The objective of water distribution systems is &bivcer water of suitable quality to individual
users in an adequate amount and at a satisfaatesgyre. It should be capable of delivering the

maximum instantaneous design flow at a satisfaqioegsurég4).

The water distribution networks should meet demdodgotable water. If designed correctly,

the network of interconnected pipes, storage tapksnps, and regulating valves provides
adequate pressures, adequate supply, and good waadity throughout the system. If

incorrectly designed, some areas may have low presspoor fire protection, and even health
risks[4].

The water distribution network, which is typicalliye most expensive component of a water
supply system, is continuously subject to enviromtaleand operational stresses which lead to
its deterioration. Increased operation and maimesacosts, water losses, reduction in the
quality of service and reduction in the qualitywdter are typical outcomes of this deterioration
[4].

3.3 System Configurations

Transmission and distribution systems can be eltogred or branched, as the name suggests,
in looped systems there may be several differethtspihat the water can follow to get from the
source to a particular customer. In a branchedsysalso called a tree or dendritic system, the
water has only one possible path from the soureeciastomef4].

3.3.1 Looped system (Grid Systems)

Looped systems are generally more desirable thanched systems because, coupled with
sufficient valving, they can provide an additiot@lel of reliability. In systems such as rural
distribution networks, the low density of customeray make interconnecting the branches of
the system prohibitive from both monetary and ltbgad standpoint$4]. There are no dead ends
in this type of distribution networks. The maintana operation did not affect the interruption
on the whole area as in the branching systemfypesof layout is highly desirable because, for

any given area on the grid, water can be suppi@d fmnore than one direction.
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This results in substantially lower head losses th@uld otherwise occur and, with valves
located properly, allows for minimum inconveniendeen repairs or maintenance activities are

required. The whole area is covered with mainsfibran the grid systerf#].

Most water supply systems are a complex combinaifdoops and branches, with a trade-off

between loops for reliability (redundancy) and lotaes for infrastructure cost savirjg

3.3.2 Branching Systems

This type of distribution networks is the most emmmcal system, and common in the
developing countries due to its low cost. In thistam, when there is need for developing the

network, new branches follow that development agd dead ends will be construct@gl

The branching systems have some disadvantagessuhbb followingi4]

e The dead ends cause accumulation of sediments, hwhésult in increasing
contamination and health risks.

* The maintenance operation upstream of the netwallkpnevent water to reach the
downstream due to the interruption of the wholeafmaintenance.

* The fluctuating demand causes high-pressure osaiia

3.3.3 Ring Systems

The mains form a ring around the area under sersamondary pipes connecting the mains and
delivering the water to the consum@ts

3.3.4 Radial Systems

The area under service in the radial system igldd/into subareas, and a storage tank is placed

in the center of each subarea to sugly
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3.4 Methods of Water Distribution

3.4.1 Gravity Distribution

This is possible, when the source of supply wateatisome elevation above the city , so that
sufficient pressure can be maintained in the mdorsdomestic and fire services . The

advantage of this method of distribution is saypogver that needed for pumpif.

3.4.2 Distribution by Pumping Without Storage

In this method of distribution, water is pumpededity into the mains with no other outlet than
the water actually consumed. The pumping rate shibelsufficient to satisfy the demand. This
method is the least desirable way of distributithe power failure leads to complete
interruption in water supply. An advantage of dirpamping is that a large fire service pump
may be used which can run up the pressure to asigedeamount permitted by the construction

of mainsl[4].
3.4.3 Distribution by means of pumps with storage

In this method an elevated tanks or reservoirsuaezl to maintain the excess water pumped
during periods of low consumption, and these storghtities of water may be used during the
periods of high consumption. This method allowslyainiform rates of pumping and hence is

economical4].

3.5 Principles of Pipe Network Hydraulics

Flow in a pipe network satisfies two basic prineglconservation of mass, and conservation of
energy(4].

3.5.1 Conservation of Mass- Flows Demands

Conservation of mass states that, for a steadg stetem, the flow into and out of the system
must be the same. This principle is a simple orteamy node in the system under

incompressible flow conditions; the total volumetor mass flow in must equal the mass flow
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This relationship holds for the entire network dod individual nodes. One mass balance

equation is written for each node in the networldas

Separating the total volumetric flow into flows from connecting pipes,

demands, and storage, we obtain the following equation [32]:

Y Qi At =Y Qo At + AV
Where: Y 0, : the total flow into the node.
Y 0 o : the total demand at the node.
A : is the change in the storage.

At s the change in time.

The continuity equation at nede / can be expressed as following :
i=NP,;,
20i- G=0

i=l

Where: Y Qj : is the algebraic sum of the flow rates in the pipes

meeting at the node j .

G :1sthe external flow rate at node j.

NP, ;, : is the number of pipes meeting at junction j.
3.5.2 Conservation of Energy

It is the second governing equation that describegelationship between the energy loss and

pipe flow. The head losses through the system talance at each point.

Addis Ababa University Institute of Technology
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For pressure networks, this means that the totad hess between any two nodes in the system

must be the same regardless of what path is taddsvebn two pointf].

The head loss must be sign consistent with thenzessduflow direction (gain head when

proceeding opposite the direction of flow, and Ibead when proceeding with the flo).

As shown in the figure (3.1) below, the combineddéss around a loop must equal zero in
order to achieve the same hydraulic grade thatsteated with4].

Figure 3.1 Representation of conservation of Energy
Loop from A to A:

0= H;; + Hy» - Hys

Conservation of Energy

3.6 The Energy Equation

The Energy equation is known as Bernoulli’'s equmatib consists the pressure head, elevation
head, and velocity head. There may be also enatdgdato the system (such as by a pump),
and energy removed from the system (due to frigtidhe changes in energy are referred to as

head gains and head los§4ls

In the hydraulic applications, energy values arteroftconverted into units of energy per unit

weight resulting in units of leng{i].
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Balancing the energy across any two points in yistem, the energy equation will be as follow:
[4]

The Energy Principle

V*, /2g ! Hy
Energy Grade Line

B ———— P2

v Hydraulic Grade Line

Datum Longitudinal Section (Profile)

Pi/y+z + V) [2g+Hg =Psf y+z + V7?2 /2g+H,
Where : P : is the pressure (Ib.-"ﬂ: or N/m? )
v :is the specific weight of the fluid (Ib/ft’ or N/m’ )
z : is the elevation at the centroid ( ft or m )
V : is the fluid velocity ( ft/'s or m/ s )
g : is gravitational acceleration ( fi/s® or m/ 5% )
Hg : is the head gain. such as from a pump (ft or m )

H,; :is the combined head loss (ft orm }
3.7 Energy Losses

There is a combination of several factors that eghe energy losses. The main reason of the
energy loss is due to internal friction betweemdflparticles traveling at different velocities. The
movement of any fluid through a conduit resultsainesistance to flow and this resistance or
energy loss is referred to as frictigi.

Addis Ababa University Institute of Technology

Page40



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadistdtem as a case study)

The other reason causes energy loss is due toiZedahreas of increased turbulence and
disruption of the stream lines such as disruptioom valves and other fittings in a pressure
pipe [4]. The rate of losing energy a long a given lengtleabed friction slope .1t is usually

presented as a unit less value, or in units ofttepgr length ( ft/ft , m/m , etc[].

3.8 Friction Losses

Hazen-Williams equation and the Darcy-Weisbach eguare the most commonly methods
used for determining head losses in pressure pgyatemsg4).

The assumptions for a pressure pipe system cardwgibled as the following:

Pressure piping is almost always circular, so them af flow, wetted perimeter, and the
hydraulic radius can all be directly related tonoker[4].

Through a given length of a pipe in a pressurengigiystem, flow is full, so the friction slope is
constant for a certain flow rate. This means that énergy grade and hydraulic grade drop
linearly in the direction of flow4].

* The velocity must be constant, since the flow &atd cross-area are constant. This means
that the hydraulic grade line (the sum of the preséiead (R), and the elevation head (z)),
and the energy grade line (the sum of the hydrayde line and the velocity head (v / 2g))
[4].

Equations that represent the friction losses aasstiwith the flow of a liquid through a

given section can all be described by the followgegeral equatiof#]:
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V=KCR'S'
Where: % mean velocity.

C : flow resistance factor
R : hydraulic radius (A/P,)

Rejeuter : D74 = D
n.D 4

P, : wetted perimeter (ft or m)
A: cross sectional area (ff orm”)
D : pipe diameter ( ft orm )

S : friction slope

X, ¥ ! exponents

k : factor to account for empirical constant , unit conversion, etc.

3.8.1 Hazen — Williams’s Equation

The most frequently equation used in the desighaaalysis of water distribution networks, it
was developed by the experiment and used only fatlemvwith in temperatures normally

experienced in potable water systdeis
y=KCR""s"¥
Where : ¥ : mean velocity ( ft/s or m/s)
K :1.32 for U.S. standard units , or 0.85 for S.I. units
C : Hazen —Williams roughness coefficient.
R : Hydraulic radius of the pipe in meters

S : the dimensionless slope of the energy grade line
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3.8.2 Darcy — Weisbach (Colebrook-White) Equation

This equation is a theoretically based equatiod, immcommon use in the analysis of pressure
pipe systems. For any flow rate and any incompléséiuid, It can be applied to open channel

flow (free-surface flow}4].

Where: V: flow velocity (ft/s or m/s )

g : gravitational acceleration (fi/s* or m/ s°)

R : hydraulic radius ( ftorm )

f: Darcy-Weisbach friction factor

§ : Friction slope

The Darcy — Weisbach friction factor, f, can be found using the Colebrook

equation as follows:

1 K 2.51

— =-2log + —
\/f | 148R m\/f

Where : K :roughness height ( fiorm)

R.: Reynolds number
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Table 3.2 Friction Losses Summary

1 This equation is commonly used
V= —R2/351/2
n for open channel flow.

V = CVRS Widely used in sanitary sewer
design and analysis

V = 0.85CR*%35%5* Commonly used in the design and
analysis of pressure pipe systems

Can be used for pressured pipe
V= 8—gRS systems and open channel flows.

3.8.3 Reynolds Number

It is an index used to classify flow as either laamiflow (it is a flow characterized by smooth
flow lines) or turbulent flow (it is a flow charaaized by the formation of eddies within the
flow) [4].

Where: R, : Reynolds number.

V : Mean velocity ( ft/s or m/s)

R : Hydraulic radius ( ft orm )

- . . - o ¥y
V : Kinematics viscosity ( ft//s or m™/s)

If the number below 2000, flow is laminar. The nuanlis above 4000 the flow is turbulent.
Between 2000 and 4000, may be either turbulerdrairiar flow[4].
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3.9 Minor Losses

Minor losses are a result of localized areas ofeiased turbulence and are frictional head
losses, which cause energy losses within a pipdrop in the energy and hydraulic grades
caused by valves, meters, and fittings, the vatubese minor losses is often negligible relative

to friction and for long pipes, and they are ofigmored during analysig].

Minor head losses (also referred to as local IQssms be associated with the added turbulence
that occurs at bends, junctions, meters, and vatmdargers, reducer. The importance of such

losses will depend on the layout of the pipe nekvweord the degree of accuracy required.

The resulting head loss is computed from the following equation:

Where : H,, : minor loss ( ftorm )

K : minor loss coefficient for the specific fitting .

V :velocity ( ft/s or m/s)

. i - . i | 3
: is gravitational acceleration (ft/s” or m/s)

lij=]

Figure 3.2 Minor losses
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3.10 Water Hammer

When the velocity of flow in a pipe changes sudgesilirge pressures are generated as some, or
all, of the kinetic energy of the fluid is convett® potential energy and stored temporarily via
elastic deformation of the system. As the systebouads and the fluid returns to its original
pressure, the stored potential energy is convddddnetic energy and a surge pressure wave
moves through the system. Ultimately, the excessggmassociated with the wave is dissipated
through frictional losses. This phenomenon, gehekadown as “water hammer”, occurs most
commonly when valves are opened or closed suddenihen pumps are started or stopped.
The excess pressures associated with water hammmer be significant under some
circumstances [3].

The maximum pressure surge caused by abruptly stopping the flow in a

single pipe is given by :

a - _4660
[ 1+Kd/Et]”

Where: & : bulk modulus of the fluid, pounds per square inch
d : internal diameter of the pipe , inches

E : modulus of elasticity of the pipe materials, pounds per square
inch.

t : thickness of the pipe wall, inches

The magnitude of the maximum potential water hampressure surge as illustrated by the
above equation is a function of fluid velocity, atite pipe material. In water distribution
systems, water hammer is usually not a problemusectiow velocities are typically low, when
higher than normal flow velocities are expectedhsideration should be given to the use of
slow-operating control valves, safety valves, sutgeks, air chambers, and special pump
control systems [3].
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3.11 Calibration

Calibration: is the process of comparing the model results étd fiobservations and, if
necessary, adjusting the data describing the syatetii model-predicted performance
reasonably agrees with measured system performanee a wide range of operating
conditions. The process of calibration may incleti@nging system demands, fine-tuning the
roughness of pipes, altering pump operating charatts, and adjusting other model attributes

that affect simulation results

Most model calibration eventually comes down taiatipents in a parameter like the C-factor,

according to the equation

o= kOt A(;‘} )
054
l.fu‘i T ﬁ”ﬂ )
where C = Hazen-Williams C-factor

k = factor depending on units and distribution system
0 = estimated flow (gpm, m'/s)

AQ = error in measuring O (gpm, m’/s)
h, = estimated head loss due to friction (ft, m)

Ah, = error in measuring head loss due to friction (ft, m)

Equation......... 6.1

3.11.1 C-Factor Sensitivity

If the flows and heads are small, errors in meaguthiese quantities will be on the same order
of magnitude as the quantities themselves, makiamtof little use in the calibration process. If

such data are used, the value of parameters foundlibration will be poor.

For a given distribution system, error in flow isually not larger than flow measurements so
Equation 6.1 can be simplified and the head loesbearelated to C-factor by:

A_

C = -
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3.12 Hydraulic Design Parameters

The main hydraulic parameters in water distributietworks are the pressure and the flow

rate, other relevant design factors are the pipendters, velocities, and the hydraulic gradients

3].

3.12.1 Pressure

The pressure at nodes depends on the adopted minand maximum pressures within the

network, topographic circumstances, and the sizeeohetwork [3].

The minimum pressure should be maintained to awater column separation and to ensure
that consumers’ demands are provided at all tifhbs. maximum pressure constraints results
from service performance requirements such firele@e the pressure —bearing capacity of the
pipes, also limit the leakage in the distributiopstem, especially that there is a direct

relationship between the high pressure and theasing of leakage value in the system [3].

3.12.2 Flow rate

It is the quantity of water passes within a certéine through a certain section. Velocity is
directly proportional to the flow rate. For a knowipe diameter and a known velocity, the flow
rate through a section can be estimated. Low u#scaffect the proper supply and will be
undesirable for hygienic reasons (sediment formatieay cause due to the long time of
retention). The effect of the velocity on the didens of pipe system can be observed from the

following equation: [3]

o= 40
. D?
/
D= [ao
~/ T _F
Where : D - diameter of the pipe (1)

© : discharge ( m’ /sec)

™ : velocity (1m/sec)
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From the above equation it is clear that the véjoicicreasing should decrease the diameter
value [3].

3.13 Types of simulations

After the basic elements and the network topolagydefined, further refinement of the model
can be done depending on its intended purposeeTdrer various types of simulations that a
model may perform, depending on what the modeléryiag to observe or predict. The two

most basic types argt]

3.13.1 Steady-state simulation

Computes the state of the system (flows, presspesp operating attributes, valve position, anaisp

assuming that hydraulic demands and boundary donsditlo not change with respect to tifd¢
3.13.2 Extended-period simulation (EPS)

Determines the quasi-dynamic behavior of a systeen a period of time, computing the state
of the system as a series of steady-state simosatiowhich hydraulic demands and boundary

conditions do change with respect to time [4].

Figure 3.3EPS runs showing low pressure due to elevatioysies capacity
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3.13.2.1.1Simulation Duration

An extended-period simulation can be run for amgtk of time, depending on the purpose of
the analysis. The most common simulation duratsotypically a multiple of 24 hours, because

the most recognizable pattern for demands and bpesas a daily ongs].
3.13.2.1.2Hydraulic Time Step

An important decision when running an extendedeuesimulation is the selection of the
hydraulic time step. The time step is the lengthirok for one steady-state portion of an EPS,
and it should be selected such that changes iemyisydraulics from one increment to the next
are gradual. When junction demands and tank inflatflow rates are highly variable,

decreasing the time step can improve the accuratyesimulations].

3.14 Scenario Manager

Scenario Manager allows you to calculate multiplhat If?" situations in a single project file.
You may wish to try several designs and compareréisalts, or analyze an existing system
using several different demand alternatives andpawenthe resulting system pressures.

A Scenario is a set of Alternatives, while alteivieg are groups of actual model data. Scenario
and alternatives are based on a parent/child eelstip where a child scenario or alternative
inherits data from the parent scenario or alteveatiWhat If?" situations will involve changing

demands and pipe sizes [5].
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4 MATERIALS AND METHODS

4.1 Introduction

This chapter discusses on the steps taken to cchstre model of the existing drinking water

distribution system of the Addis Ababa city.

In 2003 EC , AAWSA selected consultant, THAL Calting Engineers LTD. THAL and
AAWSA have agreed that , THAL to design the Addlsaha Water Supply scheme , called
Water IlI-A and prepare bid document. The impleragah of the project has commenced at

the present time [1].

4.2 Data Collection

The most important step in any research study tia dallection. In building the model of the
distribution network, the secondary data were fieghered regarding all the distribution system
parameters. Particular field measurements andsusithe Legedadi sub-system are conducted
with AAWSA technical team.

4.2.1 Existing Maps & Records

Any necessary data for model development for thetiag system were available and has been

gathered from AAWSA especially from Water Il1A dgsidocument.

Major Information and data gathered from AAWSA asefollows:

a. System Maps

System maps are typically the most useful docunfentgaining an overall understanding of a
water distribution system because they illustratede variety of valuable system
characteristics. System maps may include suchnrdtion as:

* Pipe alignment, connectivity, material, diamegerd so on

* The locations of other system components, sutards and valves

* Pressure zone boundaries

* Elevations
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* Miscellaneous notes or references for tank cherigtics
» Background information, such as the locationsoafdways, streams, planning zones,
and so on

* Other utilities
b. Topographic Maps

We use a topographic map set of lines called costtw indicate elevations of the ground
surface. By superimposing a topographic map on @ ohidhe network model, it is possible to

interpolate the ground elevations at junction naates other locations throughout the system.
c. Electronic Maps and Records

For our model development, the role of electronapmand records is indispensable.
Computer-Aided Drafting (CAD) drawing to a Geographnformation System (GIS) that
combines graphics and data.

A Geographic information system (GIS) is a compi&sed tool for mapping and analyzing
objects and events that happen on earth. GIS témjynmtegrates common database operations
such as query and statistical analysis with thequmivisualization and geographic analysis
benefits offered by maps (ESRI, 2001).

d. Model Representation

The concept of a network is fundamental to a waitgribution model. The network contains all
of the various components of the system, and defireev those elements are interconnected.
Networks are comprised of nodes, which represesiufes at specific locations within the
system, and links, which define relationships betweodes.

4.3 Introduction to WaterCAD

WaterCAD Stand-Alone is powerful, easy-to-use paogs that helps civil engineers design and
analyze water distribution systems. We use Water@A&La major hydraulic analyzing tool in
this research work. The following are some ofrtiegor steps using for developing a hydraulic
model [5].
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4.3.1 Building A Model Using Model Builder

For model building the Arc GIS imports Auto Cabkdi then digitize all the network and the
change the file to the shape file, then Water CAhg model builder interface imports directly
the shape files at ones file is exported to tlkeeeaported to Arc GIS

In the Model Builder, one can select the ‘data seutype’ as shape files, and the very

important aspect that the user has to considenglumiodeling is that all the geospatial data files
used during modeling should have the same geograpbijection[5].

Figure 4.1 Building a model via importing geospatial data

“ ModeBuilder Wizard [Hydraulic_todel.wig] =1[3<|
ModelBuilder

I Specify your Data Source I

Select a Drata Source bype: 1

|.-'1'xrc:GIS Geodatabasze Features j ff—
foceszs (et 4.4)

Aocess [Jet 3018)

Acoess [Jet 2.7) | ——. BOwse.
ArcGlS Geometric Mebwork,

ArchlS Geodatabase Features i

Cal Files

Coverages —]
dBaze 5.0 Il

The shapefiles of the water lines, appurtenanceservoirs and the storage facilities were

projected with respect to the coordinate systemW{sS. This co-ordinate system was
Adindan_UTM_Zone_37N and WGS_1984 UTM_Zone_37N.

Once the shape files are selected the user caiewréhe attribute tables of each shape file.
Next the user needs to specify the co-ordinate oinihe data source. The co-ordinate unit

selected was ‘meters’.

The Model Builder then executes the build operatiemaluating the user defined conditions.
Once the model has been built, the user has tdheditetwork.
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Figure 4.2Water CAD Model Builders
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EFFE v Show Previews
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wlells = Folyline 16 WP ump Fobinzon_Ou Ductile lre
] Folyline 18 Tank_FRocky Hill_ln_0O  Ductile Irc
4 Folyline 12 F1450 Ductile lre
a| | >
Cancel | Help | H Me=xt = I |

4.3.2 Bentley Water CAD Features

The major pillars evaluated in Water CAD: Hydraukire-flow, Water-quality, and Operations
Modeling[5]

Using WaterCAD, it is also possible to determineoeatically determine water availability for
fire-protection needs. They can calculate how nfiosk is available at any hydrant or group of

hydrants in the system, based on pressure andctiostraints dictated by local regulations [5].

We can quickly and accurately establish the abdityhe water network to provide adequate

protection against fires.

Water utilities, municipalities and design engimegrfirms trust WaterCAD as a reliable,

resource-saving, decision-support tool for watéastructure [5].

a. Comprehensive Scenario Management

Using the WaterCAD we can have unique Scenario iGbr€enter gives full control to

configure, run, evaluate, visualize, and compareualimited number of scenarios within a

single file [5].
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Scenario control center consider multiple desidanming, analysis, and operational scenarios
to make reliable decisions for their water disttibo infrastructure. They can easily set up
unlimited modeling scenarios to analyze and compeahabilitation alternatives for multiple

planning horizons, pump control strategies for gpeyaving operation, or flushing alternatives

for emergency contamination events [5].

b. Results Presentation

- Thematic mapping

- Dynamic, multi-parameter, and multi-scenario
- Graphing

- Contouring

- Advance profiling

- Advanced tabular reporting with FlexTables

- Property-based color coding and symbology

- Property-based annotation

For the hydraulic modeling of the system, I use the secondary data gathered from the
line office AAWSA such as node data, pipe data, Tank data, Hydrants data, PRV and

Primary valves data [5].

For the pipe data: material type, size and length; for nodal data: demand pattern, nodal
demand, & elevation ; Tank data: tank diameter, base elevation, minimum elevation ,
initial elevation and maximum (overflow ) elevation ; Pump information: pump head,

discharge and I use 1 point design head based on the available head and discharge data

[5]

The valve status data have been collected. The existing valves have several status

conditions, that is valves used for the intermittent supply and for throttling [5].

Hazen Williams Coefficients (C) are vary based lba year of construction, because the

older the pipe has the smaller C-value, and viegsaves true. The C- values are determined
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4.4  Hydraulic modeling in Water CAD

4.4.1 Assigning base water demands to each node:

The consumption or use of water, also known asmamand, is the driving force behind the

hydraulic dynamics occurring in water distributisystems. Anywhere that water can leave the
system represents a point of consumption, includirustomer’s faucet, a leaky main, or an
open fire hydrant.

Three questions related to water consumption maséarswered when building a hydraulic
model:

(1) How much water is being used?

(2) Where are the points of consumption located@ An

(3) How does the usage change as a function of?time

The three basic demand types described below:

» Customer demand is the water required to meetdheemergency needs of users in the
system. This demand type typically represents tleéerad portion of the total water
consumption.

e Unaccounted-for water (UFW) is the portion of tatahsumption that is “lost” due to

system leakage, theft, unmetered services, or ctheses.
» Fire flow demand is a computed system capacity ireqient for ensuring adequate
protection is provided during fire emergencies.

The following steps outline a typical example o firocess the modeler might follow.

1. Allocate average-day demands to nodes.
2. Develop peaking factors for steady-state rurdiumnal curves for EPS runs
3. Estimate fire and other special demands.

4. Project demands under future conditions for milagn and design.
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442 Baseline Demands

Determining baseline demands to which a varietyeatking factors and demand multipliers can
be applied, or to which new land developments arsiotners can be added. Baseline demands
typically include both customer demands and unaueulifor water. Usually, the average day

demand in the current year is the baseline frontlwbther demand distributions are built.

To assign base demand to each supply node, itcisseary to know the houses around each

supply node.

Base Demand for a supply node = (Population servea that node) / (Total Population)*

Total water demand of the city per day.

The following are some examples of demand eveatpigntly considered:

* Average-day demand:The average rate of demand for an average day, (paesent, or
future)

» Maximum-day demand: The average rate of use on the maximum usage @ay, {Eresent,
or future)

» Peak-hour demand: The average rate of usage during the maximum hbwsage (past,
present, or future)

» Maximum day of record: The highest average rate of demand for the histioRecord

4.4.3 Time Varying Demands
Water usage in municipal water distribution systesnsherently unsteady due to continuously
varying demands. In order for an extended perioulikition to accurately reflect the dynamics

of the real system, these demand fluctuations imeigtcorporated into the model.

Demand Pattern is a function relating water uséne of day. A diurnal curve is a type of

pattern that describes changes in demand oveptirse of a daily cycle.
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The temporal variations in water usage for municvpater systems typically follow a 24-hour
cycle called a diurnal demand pattern. Howevertesydlow experience changes not only on a

daily basis, but also weekly and annually.

4.4.3.1 Diurnal Curves

Each city has its own unique level of usage that fsnction of recent climatic conditions and
the time of day. (Economic growth also influencesndnds, but its effect occurs over periods
longer than the typical modeling time horizon, anhds accounted for using future demand

projections.)

Figure 4.3: illustrates a typical diurnal curve foresidential area. There is relatively low usage
at night when most people sleep, increased usagegdine early morning hours as people
wake up and prepare for the day, decreased usagegydhe middle of the day, and finally,

increased usage again in the early evening as @eeirn home.

Figure 4.3 A typical diurnal curve for Addis Ababa city
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4.4.3.2 Defining Usage Patterns within a Model

Most, hydraulic models express demands by usirgnatant baseline demand multiplied by a

dimensionless demand pattern factor at each tisremment.

A demand multiplier is defined as

Mult, = 0/ Oy s,

where Multi, = demand multiplier at the /* time step
0, = demand in i time step (gpm, m"/s)
Q,.. = base demand (gpm, m'/s)

The series of demand pattern multipliers modelsdibenal variation in demand and can be

reused at nodes with similar usage characteristics.

4.4.3.3 Projecting Future Demands

Water distribution models are created not only atves the problems of today, but also to
prevent problems in the future. With almost anyeanar, the future holds a lot of uncertainty,

and demand projection is no exception.

Long-range planning may include the analysis ofstesn for 5-, 10-, and 20-year time frames.
When performing long-term planning analyses, edtmgafuture demands is an important

factor influencing the quality of information proad by the model.

Scenario management tools in models help make phixess easier. Even the most
comprehensive scenario management, however, isap@her tool that needs to be applied

intelligently to obtain reasonable results.

The water distribution system is designed to copénin with the domestic demand. As it is
common in Addis Ababa, the consumption for indastcommercial, and institutional demands
is included in the domestic consumption figure donf a total water demand per person and
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day. According to studies carried out by the AAWS@Ansultants (THAL Consulting), in which
the predicted future water consumption till thery2@25 was estimated depending on the future
domestic consumption, and considering (UFW) andhrteal losses. Based on the demand
determination the per capita demand of the cityhead is 161 lit/cap/day for 2011 fiscal year.

4.4.4 Fire Protection Demand

Fire protection demands can represent a hugedracfi the total demand for the system. The
NFF should be added to the hourly peak flow on dksign of the distribution system. To
ensure the supplies of NFF in towns are used maidyants. The good engineering practice in
USA requests hydrants in congested streets atndestaof 100 m and in residential areas at
distances of 200 m. [1] The head should be not idh&n 20 psi (136 m) in USA the duration
of a fire for design purpose is 2 hour for NFF 180or less, and 3 hours for NFF 180 — 220
I/s.[1]

The sizes of buildings in Ethiopia are smaller tirathe American cities. Considering that big

buildings in USA have their own firefighting meaausd storage provided, considering the much
higher risks for fire due to heating and air coiadiing installations, higher electrical loads, and
taking into account the different economic standawe may consider the duration for a fire at
only 1 hour at an NFF of 100 l/s therefore the addal storage for fire fighting in the

operational reservoirs, called “intangible reservetild be established at 366 fi].

Lately the City of Addis Ababa has made a firsempt to regularize the firefighting within the
city. The recommendations refer to: [1].
Location: at corner of streets to serve two directions @mg on road wider than 6 m.

Spacing according to the population density between 180r%.between two successive
hydrants.

Connections on mains or distribution pipes equal or highentidbN 150 mm.

Head pressure in network of 30-50m. The pressure z@nevide for higher heads in the peak
hour as the difference in topographical levelsGsn8 and AAWSA should be able to supply
only buildings not higher than 3-4 floors. Duringefoccurrence the meaning of “peak hour”
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could be waived and water diverted to needing apeathe account of regular areas of supply
Higher head could be obtained in certain areaspleyating the valves. On the other side higher
investments in the network, high in any case inasewsupply system, could be avoided if the

fire brigades are endowed with suitable mobile psifdgh.

Big buildings: These must be prepared with local firefighting lises (internal hydrants,
sprinkler installations, suitable storage resesjoétc.) and the plumbing code of practice must
be applied [1].

4.4.5 Population Projection

Geometric increase method of population forecadtasgbeen adopted for this research because
this method is mostly applicable for growing tovarsl cities having vast scope of expansion ,
like Addis Ababa city. It is based on the assumptizat the percentage increase in population

remains constant.

The formula that has been adopted for populatiofeption is:
Pn= Po * (1+K)"
Where: Po : Initial population

Pn: Population at n years

n: No of years

K: Percentage (geometric) increase

The population size of Addis Ababa city for diffatgears has been collected from the Central
Stastical Agency.

Table 4.1: Census record of population size of Addis Ababa

Year 1978 1984 1994 2007

Population 1,167,315 1,423,111 2,112,737 2,739,551
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45 Calibration
45.1 Model Calibration

Model calibration was conducted by comparing theults of the actual element of the model
with results generated by the model at the sanaitots.
To calibrate the model, some junctions accessildeavailable for flow data measurement are

selected and flow measurements are taken usingrfleasuring instrument.

Figure4.4 Photo of Pressure bar installed on talgit pipe  Figure 4.5 Phoaf Flow measuring device
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Figure 4.8: Photo of Field flow measurement of 1260 Figure 4.9 : Photo of Tank level measygauges

Using the information provided by the AAWSA, the aeb was calibrated to meet the general

calibration criteria for flow and pressure.

Successful calibration of indicates that the neknsmmponents are operating correctly, demand
is appropriately allocated, and the reservoir lexak correct. Besides, the correct calibration of
the residual pressure indicates that the pipe noesgh coefficients are set at the appropriate

levels, similar to actual conditions.

In Conclusion the major activities in methodologg eotating in the following activities:
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Figure 4.10Flowchart of the overall Modeling Process
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5 INTEGRATING GIS WITH HYDRAULIC MODELING

5.1 Introduction

A Geographic Information System GIS) is an organized collection of computer harayar
software, geographic data, and personnel desigoeefficiently capture, store, update,

manipulate, analyze, and display all forms of gapgically referenced information” [4].

GIS is becoming an increasingly valuable tool foe tater distribution modeler both as a
source for modeling data and as a decision-supfoait Anderson, Lowry, and although
approximately 15 percent of water utilities curkgnise GIS in their modeling, almost 80

percent plan to use GIS in the future [4].

5.2 GIS Integration with Hydraulic Models

This integration of the hydraulic model and the @&&ds to the following benefits: [4]

- Time-savings in constructing models

- Ability to integrate disparate land use, demogrepaind monitoring data using GIS analysis
tools to more accurately predict future system detaa

- Visual, map-based quality control of model inputs.

- Map-based display and analysis of model output®mbination with other GIS layers.

In addition to being used for map-making; a GIS bamused to perform system analysis,

answering questions about: [4].

- Location (using proximity, buffer, or overlay ansily)
- Condition
- Temporal and spatial patterns (trends)

- What-if scenarios (in modeling)
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Within a GIS, features (objects on a map) are moply points and lines; they have attributes
(information about the feature) associated witimthén a water distribution system, facilities

such as pipes, tanks, and pumps are features poggastiributes [4].

Figure 5.10rganizing the desktop with GIS centric data mansags
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System
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These tasks will form the basis of GIS applicatjcausd application descriptions prepared as
part of the needs assessment include:[4]

* Facility mapping (GIS data maintenance)

* Service request tracking/work management

» Asset management/ reporting

* Field data collection/inspections

* Leak detection (compare master meter to individeaount data)

* Link to as-built/intersection drawings (CAD orages)

* Isolation tracing/customer notification

» Demand projections/demographic data

* Planning/construction monitoring

* New connection processing

* Cross-connection

» Well monitoring/water resources analysis
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5.3 Database Design

The database design for a GIS developed for a wailéy should strive to accomplish three
fundamental goals that will enable the GIS to bezamnstrategic asset for the modeling

organization:

I. Cartographically represent the water distribution facilities (assets):This
representation can be used to create map products.

ii. Inventory the network: The GIS is often the primary record for geographica
distributed assets (that is, assets outside tim)pla

iii. Model the network: The GIS should be able to model the flow of watethie
system and support the integration of hydraulic etiod software.

iv. Land Base: Water utility GIS must use some type of landebager as a spatial

reference.

The GIS was used to assign elevations to modelatgs), based on the location of modeling

nodes on the plane.

The GIS also was used to assign demands to modatidgs. (Nodes associated with pumps

and tanks were temporarily removed so they woutchage demands assigned.) [4].

Geocoding was used to geolocate customer metele tdopologically Integrated Geographic
Encoding and Referencing street centerline filerifugeocoding, the GIS matched the address

of the customer meter with address ranges in tieetstenterline file.

Demands were then assigned based on the proxirhityeocustomer meter to a model node.
Aggregate demands were computed and then applibe toode [4].

A GIS professional can use a GIS to create a modet efficiently, more accurately, and more
cost-effectively than an engineer creating a maajelt file from scratch inside a traditional

modeling environment. Consider the following: [4].
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» Because GIS tools can automate the process, rhadding can be faster and more efficient,
especially for large models.

» Because GIS can manage large volumes of datajdkel can incorporate more detail.

» Both hydraulic modeling software and GIS haveaambed editing tools. The user needs to
look at each task and decide if it is better donthé model or the GIS.

* In the ideal case, where GIS data-entry has aistmt spatial reference and a high level of
quality control applied, the integrated model skdoedntain better data and should therefore be
easier to calibrate and potentially lead to betemision-making.

 Contour interpolations and digital elevation msd®EMSs) in the GIS can be used to assign
elevations to model nodes automatically.

» Digital orthophotos available in the GIS can berntaid with the model to provide a base map
reference.

» Georeferenced customer billing records can be tisegenerate and allocate water demands
for the model.

* If modeling results are returned to the GIS,Hartanalyses can be run, and other users such as

planners and developers can manipulate modeliregidaionjunction with other GIS data.

By working with GIS professionals to build a wateodel from a properly constructed GIS, the
engineer can spend time evaluating the water syateiimaking engineering decisions [4].

Figure 5.2 Maintaining the hydraulic model
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All pipes and other network elements included mittodel must be marked appropriately in the
GIS. Thus, as pipes, nodes, and associated feanceattributes in the GIS are updated over
time; these elements can easily be selected agdinsed to reconstruct the model with current
data. Alternatively, the full system can be impdrtato the model and then reduced by
skeletonization [4].

GIS drawbacks in modeling: [4]

a) Database design incompatibilities or omissions:
* The GIS incorporates identification numbers fgstem elements that differ from what
can be used by the modeler.
» The GIS lacks critical valve information.
* The GIS lacks pump performance curve information.
» The GIS may have many short pipe segments the¢ wroduced to provide full
topology, but that would unnecessarily add to thmmexity of the model.

Utilities collect and compute water usage data l®ams of several possible methods, ranging

from the highly accurate to the more generalizéde& common techniques are: [4].

« Storing individual customer meter records forheadling period in a customer information
system[4]
» Aggregating usage data for larger areas suchetsrimoutes or pressure zones

« Computing water usage estimates based on landrysapulation

A GIS is not essential for loading the hydraulicdebwith water usage data, but it can be used
to effectively address each of these use casesta@amline the demand allocation process.

Much of the early work in using GIS for modelingtsed on accurately placing demands [4].

Typically, the modeling data is maintained in aaepe GIS layer created specifically for
modeling [4].

Hydraulic modeling results in the enterprise GIS$) d&e used for a number of purposes,
including: [4].

Addis Ababa University Institute of Technology



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadistdtem as a case study)

» Pressure mapping

» Establishment of water main replacement priorifiggen combined with other GIS layers
such as soils and repair data)

= Connection permit processing (available capacity ba reviewed and future demands
reserved)

» Contaminant isolation/remediation (contaminanhtsaduced accidentally or intentionally)

5.4 Using Relationships to Trace Networks

When structured properly, datasets such as th@dentake up a hydraulic model (pipes and
nodes), can be subjected to a process known arketracing [4].

In network tracing, GIS software uses informatienvehich links are connected to which nodes
to allow a system to be traversed. These functtwasommonly applied to street networks and

utility networks. Examples of this type of analysislude: [4].

Generating shortest-path driving directions fronmpone point to another point..

- Indicating the location of a hydrant.

- ldentifying the location at which the chlorinatedter will enter a stream.

- Indicating the location of a water pipe break amentifying the valves that must be closed
to isolate the break.

- Tracing the network to identify segments that ase@hnected, either due to inaccurate data

or inadvertently closed valves. This analysis caralgreat aid in GIS and model input data

quality control.

5.5 Addis Ababa Water distribution Network

The Addis Ababa Water Distribution system couldddéded into high pressure zone, low

pressure zone, and normal pressure zone, whiclbased on water pressure demands and
elevation of different area. The area covered @iytlorange colour is the entire pressure zone of
the test area, called Legedadi pressure zone (showigure 6-3). It has been selected as the
test area in this research. All the following &ts shown as maps, tables and graphics are

generated from GIS analysis.

Addis Ababa University Institute of Technology

Page70



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadisdtem as a case study)

Figure 5-3 The Existing Addis Ababa Water Distribution Netwdr&gedadi Sub-system
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These locations can be displayed in the GIS bygusoior-coding and can be overlaid with
other layers to show desirability of monitoring d&ions in terms of utility land ownership,

location of power, and existence of pump statior\alves.
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Figure 5-4 Assembly of Water Distribution Network of Addis Atea City
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Table 5.1:Compiled Inventory of Asset [1]

Primary | Sec.lin¢ Reservoi Yard
line Conn
Addis 96 238 40€ 22 29 15 4508 Gefersi
Ketema
Akaki 11¢ 13€ 282 56 8 44 15867 | Akaki WF
Arade 85 22C 1144 1C 5 0 4231 Gefersi
Gulele 62 274 824 40 22 11 4544 Gefers:
Gurd Shol. 112 338 112% | 46 19 27 4568 Legedac
Megenagn 59 23¢ 963 7 5 59 2764( Legedac
Mekanisi 65 27C 70C 42 10 65 5155 Legedac
Nifas Silk 78 317 871 1C 4 2 4794" Legedac
Total 676 2,022 | 6,314| 233 102 223 | 321,528
Remark July,2010

5.5.1 Locating potential sites for facilities

The GIS can be used to identify good locationsafater system facility sites. In this case, the
GIS is not used as a source of data for modelingba way to present alternatives to decision

makers.

5.5.2 Locating potential sites for monitoring equipment

In the other hand, how model results can be imgdri® a GIS and used with other data, such
as property ownership and locations of utility-o@rmiildings, to determine good locations for

water quality or pressure monitoring equipment.

5.6 Network Performance Assessment with GIS

5.6.1 Network Failures

A bad water distribution system causes many profldnke all engineered systems, the wear
and tear on a water distribution system may leatiéceventual need to rehabilitate portions of

the system such as pipes, pumps, valves and réservo
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Failures in any of the components can lead to thlepgse of the whole system. Practically and
historically, pipeline damage has the greatest ahpa system operation. Transmission and

distribution pipelines are particularly vulnerafléhey are constructed of brittle materials.

Furthermore, the occurrences of pipe failures inewanetworks cause major technical,
economic and socio-economic impacts. So issuesipgline failures are the target of this

section.

One acceptable definition of failure is that a comgnt can no longer perform its intended
function. Many reasons lead to pipe failures, fcaraple:

i. Design deficiencies,

ii. Construction problems,

iii. Main’s age and

iv. Installation period,

v. Diameter,

vi. Corrosion,

vii. Material,

viii. Other surrounding conditions and water quality and

IX. System pressure in a distribution network.

Except for physical failures, factitious failuresist in a water distribution network, which are

caused by operational or management mistakes.

5.6.1.1 Water Leakage

The total amount of water demand largely dependscostomer demand, unaccounted water
demand and fire flow demand. Water leakage exssta enajor portion in unaccounted water
demand [6].

The larger losses are usually from burst pipedran the sudden rupture of a joint, whereas

smaller losses are from leaking or “weeping” jojritsings, service pipes, and connections [6].
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Practically, major reasons causing bursts in a oiktvare un- predicted pressure fluctuations,
fittings, pipes and valves’ insufficiency capalyilaf enduring pressure, design, construction or

operational mistakes, accumulations of small wiaigses [6].

Reasons of leaking or weeping problems from varipads of networks are complicated to
define, because most of the time they are causedompined reasons from surroundings,
material, age, and corrosion [6].

For instance each material has its own duratiom, y@hich is a proper working year for a
material, and after this duration, corrosion artteoeffects happen more easily.

Table 5-2 gives statistical information about commaaterial’s duration year [6].

Table 5-2 Material and its duration year

Code No. Material Duration (year)
1 Cast iron 30
2 Zinc 10
S Softened vinyl 15
4 Polyethylene 15
5 Stainless 30
6 Copper 25
7 Plastered cast iron 20

(Source: Jun, 2004)

However, there was a study of leak frequency dhisted according to pipe age for grey cast
iron pipes studies. The result shows that afteresgears, in Galvanized Cast Iron case, which
is around 80 years old, there is no significantelation between leak frequency and pipe age
See Figure 5-5 [6].

Figure 5-5: Leak frequency versus pipe for GCI water distiitnutpipes measured over a five

year period [6].  Leaksikm-year
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Leakage on transmission and distribution mainsaedimed as a big part for water real losses.
Real loss is an attribute for system Input volume the relation is:

System Input volume= Water losses+ Authorized consumption (m3/yedr) [6

Water losses =Real Losses + Apparent Losses (m3/year)

Water loss is hard to calculate or forecast in walistribution network design, but it is
important to assume this amount of water. Howeadeakage- free network is not a realizable
technical or economic objective, and a low levelater losses cannot be avoided, even in the
best operated and maintained systems, where wagipliers pay a lot of attention to water loss

control [6].

So minimizing the leakage amount is an importargetafor water industry, since it is not only
an issue related to city’s long term planning andirenment, but also related with finical and

economic issues [6].

5.6.1.2 Red Water

Red water occurs due to corrosion happened on arosteel pipes in water distribution
networks. Corrosion has a cumulative phenomenaoogst reactions occur on the inner surface
of a pipe, which lead to chemical deposition prectst forms a material build- up along the

pipe walls.

The form weakens the pipe wall and lead to the &bion of tubercles. The most obvious and
immediate impact, however, is that the oxidized iparticles give the water a murky, reddish-
brown color. This reduction in the aesthetic of thater prompts numerous customer
complaints. The deposited layers in pipes causeabhdiameter decreasing and other problems

from water quantity and water pressure [6].
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5.7 Water Distribution Network Information

Thirty one water reservoirs and pump stations a@cated in this area. More information, such

as pipe material distribution, pipe installatiorayelistribution and pipe diameter distribution,

total length of water mains and total service catinaes, has been collected by GIS analysis.

The aim is to present background information tasien makers.

5.7.1 Network Physical Information

All statistics are extracted from the network shéfge(Figure 5.6). In this part, the aim is to

analyze the material distribution, installation lydestribution and diameter distribution.

Figure 5.6: Addis Ababa Network shape file
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Figure 5.7. Addis Abab&Service information shape f
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5.7.1.1 Diameter Distribution

Four diameter groups were defined. These groupsdameter 100/110 mm < D< 300/315
mm, diametex 500 mm, diametex 900 mm, diametex 1400 mm, an(1]

Figure 5.8 Diameter Distribution Resu
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From the results, you can get the following infotima Pipes serve as distribution mains are
diameter between 100 and 1400 mm. Pipes used fallesndemand water consumers in this
network are with diameters smaller than 100 & 150mnansmission mains or the beginning
parts of distribution pipes have diameters 900 Ob4®. From this information, we can

cursorily judge the size and population distribntazound this area [1].

Figure 5.9 Diameter Distribution Map
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5.7.1.2 Material Distribution

Four materialgroups have been defined. They are: Ductile Cast (DCI), Steel mains
Polyvinyl Chloride Mains (PVC), and Steel, Galvaddron (GI [1].

Figure 5.10Material distributior

Material Distribution
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From figure 6., we can see that DCI (Ductile Qash) is the most common material in tl
area followed by PVC (Polyvinyl Chloride ) Steeldal ( Galvanizer Iron) have total of
11.046 . An observation througArc Map shown that steel pipelines are d mainly for
diameter larger than 500 mm, which are transmissiams in this area and for pipes pas:
through gorges and rivers. PVC material is a newerra for water distribution network, whic
are normally installed after year 1941]
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Figure 5.11 The Material Distribution Map
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5.7.1.3 Installation Year Distribution
Total 13 groups are defined and each group conta@years[1].

Figure 5.12 Installation Year Distributic
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Table 5.3 Installation Year Distribution Statisti

1955 58 0.31 0.29
1960-1965 53 - -
1966-1970 47 21.64 4.94
1971-1975 42 31.11 6.69
1976-1980 37 0.87 0.29
1981-1985 32 10.05 2.33
1986-1990 27 46.61 9.59
1991-1995 22 4.96 1.16
1996-2000 17 20.47 7.85
2001-2005 12 8.82 11.63
2006-2010 7 151.25 40.12
2011-2013 2 36.64 12.79

unknown 0 10.22 2.62

Total 382.96 100
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Figure 5.13:Pipe Age vs Length of Pipt
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From this distribution statistics, we can see thajority of this network was built during ye:
2006 to year 2010, which means that the communég weveloped quite fast during t
period. The oldest pipe group has been laid at.
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Figure 5.14 Installation Year Distribution Map
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As we collected the information from AAWSA, and ebged from the data we can observe the
relationship between Material and Installation Y&auring 1960s, the majority of the pipes

were constructed by ductile cast iron.

Even to the current time as well ductile cast ipgpe is the choice of many water distribution
schemes, especially for the transmission mainssgare mains). Besides, their joints material

or corrosion protections improved from time to time

From the two graphs, material distribution (Figsdl) and installation year distribution
(Figure 5-14), it is obvious the majority of wathstribution pipelines were constructed during
2006-2010 and (DCI) Main is the major materiabugr for water pipes in this period in
addition to PVC.

In Addis Ababa water distribution system especiaftgr the end of 1990s the (PVC) Polyvinyl
Chloride Pipe has become more common in materiakehadue to the low investment cost.
Since, DCI pipes and large diameter Steel pipesnaperted from the abroad and incurs huge
amount of foreign currency, the choice of the wateanpanies and the government as well has
become PVC material type for the Service distrimugystems.
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Figure 5.15 Failure Forecasting Map
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5.7.2 Network Rehabilitation

The complex effects of corrosion, wear and tead age are eating away the underground
infrastructures in all countries around the woNthst of the pipes that have been in the ground

for many years are far beyond their expected sefifie. Rehabilitation is not easy.

Moreover, increased traffic and buildings and thespnce of other underground utilities make
pipe replacement and rehabilitation both burdensantkexpensive. A rehabilitation plan must

rely on sound judgments, scientific analysis ofreat condition in a network.

As has been mention in Advanced Water Distributidodeling and Management, the

rehabilitation works maybe necessary because of:

'] The cumulative effect of tuberculation and scaling

1 Increased demands due to new customers

'] Excessive leakage

[ Infrastructure improvements, such as street réngoigon or sewer replacement, in
vicinity of distribution system piping

1 Water quality problems

Actually rehabilitation works are even more difficthan designing a new system in many
situations, because of the conflicts with otherdmiutilities and many un- predicted problems.

Especially in many old cities, there is no enoughstruction records saved.

It is almost impossible to know underground infrasture networks situations. Of course, some
methods can be used to recover these maps or thafinstance GPS or Remote Sensing
technology.

But comparing with economic and effort investmerttss still a task for long term planning.

Currently there are many types of rehabilitationthrods, which are suitable for different
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71 Rehabilitation: Any physical intervention that emtls the life of the system and
involves changing their condition or specification.

' Relining: the removal of all deposits from ins@le existing pipeline, followed by the
in situ application of a non-structural lining teogide corrosion protection, such as
cement or epoxy mortar (relining is sometimes refiérto as scraping and lining,

renovation or reconditioning).

1 Repair: rectification of local damage.
"1 Replacement: substitution of a new facility for eatisting one where the latter is no
longer used for its former objective.

Because the capital costs of a water distributi@tesn combined with the cost of maintaining
and repairing the system are often immense, rdse@cand practitioners are constantly
searching for new ways to create more economicdl efficient designs for rehabilitation

planning. And one of the challenges that the weatempanies are facing is to find crucial

pipelines for rehabilitation with the best methatsl most cost saving methodologies.

The groups are operational indicators (rehabititatfailures and repairs, water losses), quality
of service indicators (service, customer compljrfteancial indicators (annual costs, annual
investments for network mains, tariffs), water rgses indicators, and physical indicators.
physical assets data — distribution network (trassion and distribution network, water
storage, pumping stations), physical assets daarvice connection, water volume data,
operational data (service pressure, service catyinwater quality monitoring, inspection and
maintenance, preventive maintenance, failures bibtadion),

It was previously stated that the GIS tools canubed as a stand-alone tool, to assist the
engineers in analyzing the evolution of performaofctheir networks, in establishing diagnosis
or in improving their know-how about the behavidrdifferent pipe materials or rehabilitation
techniques.
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6 HYDRAULIC MODELING OF LEGEDADI SYSTEM

6.1 Hydraulic Modeling of the Distribution Network
6.1.1 Introduction

This section presents the analysis of Addis Abahbty QLegedadi sub- systemjvater

distribution system. The hydraulic modeling wasfgened to evaluate the adequacy of existing
facilities for conveying current and future flonand to aid in determining improvements that
would ensure future viability of the distributiolyssem. This section describes how all the

model parameters, scenarios and alternatives regdssrun the model were set.

The mode of supply was varied on various developreegnarios towards the aim of improving

the water supply to the population.

Pressure is the primary hydraulic parameter andlyze computer modeling to identify system
deficiencies. The target minimum system operatirgggure is 30 pounds per square inch (psi)
during peak hour demand conditions. During firevfloonditions (fire on a peak day), a residual

pressure of 20m must be maintained throughoutytstes with fire flow storage depleted.

The general methodology of this hydraulic modelagplysis was to examine the current
distribution system during various demand and fiioev conditions. According to the above

pressure criteria, deficiencies were noted andibligton system improvements proposed.

Further analysis was performed to verify that addal improvements associated with growth
of the city meet the minimum distribution systemitesia. All distribution system
improvements, relating either to the remedy of enfrrdeficiencies or the accommodation of

future growth, are presented in the Water Systeprdeements.
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6.1.2 Assumptions of the study

In modeling Addis Ababa water distribution systehg following assumptions have been taken

into consideration.

» As stated, the existing water distribution systemswanalyzed and the future demand
analysis works are designed on the basis of a ctanpuodel utilizing WATERCAD
software

» For the purposes of the project, the model wagditnio a minimum pipe diameter of DN
150 mm in the distribution network. Diameters ofadler size are considered insignificant

in terms of the population supplied.

» The water distribution system is designed to copety with the domestic demand. As it is
common in Ethiopia, the consumption for industr@mmercial, and institutional demands
are included in the domestic consumption figurtoten a total water demand per person per
day.

= The demand for each node of consumption was caétlibes follows.
Demand: = No of residence X Water Consumption peita per day.

» Domestic water demand of the city is assumed td 6 I/c/day)

e The industrial, commercial and institutional congtion of water are included in the
domestic consumption. So that it is assumed t& 651/ c/day).

= For unaccounted for water (UFW) calculations ancbeting to studies carried out by the

THAL Consulting and AAWSA, their data shows a madimvalue of 40% as unaccounted
or water. The value of UFW igalculated through meter readings and population
projection, shows the range of 30%-40% for domesbissumption and for whole

uses of watefl].
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» A value of 35% as unaccounted for water has beeptad in the modeling of the
system and 30% of the total consumption has beeptad to model the technical
loss of water in the systeft.

» Taking in to account that this amount of watewi®e& pumped in different periods of
time for different zones. A study the way of opernat zoning, and changing valves
setting in the distribution system is necessary.

= By this procedure, the demand for each node wasiledd and analyzed depending
on the number of inhabitants for each consumptmatenand the period of supplying
water.

» Demand: = No of residence X Water Consumption peita per day.

6.1.3 Demand Pattern of Addis Ababa City

The average demand will be subjected to hourlyatians, which mean the demand
pattern based on the differences in living stanslanddustrial water use, Commercial,
Public, Fire fighting etc. Since Our type of Sintida that we use for our modeling is the

Extended Period Simulation since it is used touwsatal system performance over time.

For such type of simulation, the demand patternshefcity for each node should be
identified and the demand variation of each patteasito be clearly set as well. The major
demand patterns of the city are: Residential, Coroiae Industrial, Fire fighting and
Public are the major ones. Hence, here are the mewariations with in a day for each
type of demand pattern.

e The study also considered the daily distributiomhef supply and found as following:

- Low usage 23:00 — 05:00hrs.
- High morning 05:00 — 11:00hrs.
- Moderate 11:00 — 18:00hrs.
- High evening 18:00 — 23:00hrs.
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Figure 6.1 Domestic Demand Pattern Curve for Daily Water Gomgtion of Addis Ababa City
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Pattern Detailed Report: Domestic
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Figure 6.2: Layout of the Existing water system of Legedadi-system

6.1.4 Model Calibration

To calibrate the model, some junctions accessihteavailable for flow data measurement are

selected and flow measurements are taken usingfieasuring instrument.
Information recorded included static pressuresygl residual pressures, reservoir elevations,

and the locations of junctions. Using the informatprovided by the AAWSA, the model was

calibrated to meet the general calibration critésraflow and pressure.
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6.1.4.1 Acceptable Level of Calibration

6.1.4.1.1 Calibration criteria for flow and pressure

6.1.4.1.1.1 Pressure Criteria

(1) 85% of field test measurements should be within5 m or + 5% of the maximum head loss
across the system, whichever is greater.

(2) 95% of field test measurements should be within75 m or + 7.5% of the maximum head
loss across the system, whichever is greater.

(3) 100% of field test measurements should be withi 2 m or= 15% of the maximum head
loss across the system, whichever is greater

6.1.4.1.1.2 Flow Criteria

(1) Modeled trunk main flows (where the flow is maadhan 10% of the total demand) should be
within £ 5% of the measured flows.
(2) Modeled trunk main flows (where the flow isdd¢ban 10% of the total demand) should be

within + 10% of the measured flows.

6.1.5 Hazen-Williams Roughness Coefficients (C- Value)

Many studies show variations in the value of "Ct diifferent materials, wall thickness and
pipe age. Thus the value of "C" decreases over iimntee case of non-mortar lined cast iron
and steel pipes, assuming a given water quality.

As a result, calibration was carried out on soméksliof the main network and the results are
shown in Table 6.2. For the purpose of evaluatibtne system the calibrated pipes are part of

the main line and were used on the model.

For the pipes having 30 years of operation, "@iidishes by about 28% and 43% for pipes of
DN 1,500 mm and DN 100 mm, respectively.

To this effect, the following roughness coefficeiatre suggested for existing pipes, depending

on age and material and the remaining pipe seciimnadjusted for their C-values accordingly:

Addis Ababa University Institute of Technology
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* New pipes with mortar lining are considered to Fel30-145.
» All existing PVC pipe: 110-120.
» All existing pipe other than PVC: 90-110.

Table 6.1 Measured Hazen-Williams Coefficients

Construction Diameter of Pipe Type of material Hazen William
Year (mm) Coefficient
After 1980 1200-700 DCI
STEEL 10C
GSlI
1955-1979 1200-700 DCI
STEEL 90
GSlI
After 1980 600-150 DCI
STEEL 90
GSI
1955-1979 600-150 DCI
STEEL 80
GSlI
For all PVC pipes 110

As expected, table 6.1 shows that both newerspgmel higher diameter pipes have a better
roughness factor. Therefore | have synchronizedfidié measurement data for sample pipe
sections using Hazen Williams Coefficient —C whplhys the significant role in calibration
process. By varying the value of Hazen William’'s udtil it satisfies the actual field
measurement value.
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Table 6.2Sample Flow Measurements on Existing Pipes foib€slon

Flow
vear | CcOrrected Pressure (M) | Hazen
Sr. | Transmission | Length( | Dia . against the Williams
. Material of . . -
No main m) (mm) field Delive Coefficie
Instal. Inlet
measurem | ry nt-C
ent (m3/h)
Leg-Tank to
1 |J4 6476.3| 1400 Steel 1985 5461.9 1p 5 110
Leg-Tank to
2 |Cla 6890 900 Steel 1985 1803.6 12 ) 11%
3 ST3to TR 9526 1200 Steel 1985 4798 10 2 126
4 ST3to TR 9526 900 Steel 1970 1852 11 2 94
5 TR to JIM 7516 900 DCI 1984 2210 73 1 128
6 JM to MO 2741 500 DCI 1985 624 35 5.6 91
7 MO to BZ 2930 300 DCI 1985 247.4 15 16 130
8 MO to RH 3710 300 DCI 2003 257 33 12 123
6.2 Need for Fire Flow

Fire flow analysis, the head condition for the wsttion network is at least 138 Kpa.
In fact, this is the empirical formula for determnig the need for fire flow, but in our city
case it is so difficult to get the value of thémetors and calculate the NFF; since there is

no clear data and information [4].

NFF = 18FA"0(X+ P)

where  NFF = needed fire flow (gpm)
F = class of construction coefficient
A = effective area (ft*)
O = occupancy factor
X = exposure factor
P = communication factor

As a result, we have taken the NFF value from ttegeWlll design document adopted for
Addis Ababa Water supply scheme which is 100drsthr flow therefore the additional
storage for fire fighting in the operational res#rs, called “intangible reserve” could be
established at 3603].
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Cross checking Fire Demand using Empirical Formula:

« Water required for fire protection should be easililable and kept always stored in

storage reservoirs

» Estimation of fire demand (NBFU formula)
Q. = 231.6+/P (1- 001/P)

Where, Qg = is fire demand (fthr); P = Population in 1000's. , P=3Million
Qf= 109Lit/sec

6.3 Design criteria

6.3.1 Pressure and Velocities

The design criteria used in the design of pressone boundaries, nodal pressure during the
period of peak demand, and optimum velocities efttansfer and distribution mains are as

follows:

6.3.1.1 Pressure

The operating pressures in the distribution netwawr&ording to MoOWR Urban Water Supply

Design Criterion shall be 15m to 80 ranges.

*(1) Envisaged where distribution pipes are claseeservoirs in terms of perhaps both
location and elevation, and in small sections @& thstribution system that would
require a PRV or BPT or otherwise mean raisingquess generally to achieve a 15 m

minimum pressure.

* (2) Envisaged in small section(s) of the disttibn system which would otherwise

require separate pressure zone(s).

The static state pressures in pipelines must Isethes the pipe nominal pressure rating. In the
case of long mains where water hammer risk is @rgecue attention must be given to the

pipe material and a proper water hammer analysigedeout.

Addis Ababa University Institute of Technology
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6.3.2 Velocity & Head loss

According to MoWR Urban Water Supply Design Criberi Water velocities shall be
maintained at less than 2 m/sec, except in shatioss &for pumps. Velocities in small

diameter pipes (<DN100) may need even lower limgitielocities.

A minimum velocity of 0.3 m/sec can be taken, lmrtlboped systems there are also pipelines
with sections having velocity <0.1m/sec.

Head loss is related to velocity and pipe roughnéss maximum head loss with therefore be
governed by the maximum velocity criterion.

Experience shows that a pipe designed to flomaacity between 0.6 and 2 m/sec, depending
on diameter, is usually at optimum condition (h&es$ versus cost). Short sections, particularly

at special cases, e.g. at inlet and outlet of pumpy be designed for higher velocities.

e Minimum static head is 20 m, which can supply actey building from the
distribution system.

* Maximum static head within a pressure zone wagdéithnio 80 m.

* Minimum dynamic head was established at 10 m.

* Maximum velocities of major transmission main2.8 m/s.

* Maximum velocities of distribution mainsxm/s.

* Minimum velocities range 0.1-0.3 m/s within thetgys.

6.3.3 Evaluation of Water Hammer in the Addis Ababa Wate System

Water hammer is a series of pulsations of varyirggmitude within a pumped liquid. The
amplitude and period depend on the velocity offthiel, as well as on the material, size and
strength of the pipe. Shock results from thesegtaiss when the liquid is suddenly stopped,

such as by closing of a valve.

This force is a destructive force that can damagelential or commercial plumbing systems
and cause leaking at joints. An evaluation of thetew hammer in the Addis Ababa Water

distribution system has been implemented to ingestithe effects of this force on the system,
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depending on simple calculation to estimate theimasn shock pressure by using figure 6.9.

The factors affecting the water hammer presenteenvater systems include.

o Improperly sized supply lines for given peak wdlew velocity.

Excessive system water pressure and lack of peessducing apparatus.

0
0 Excessively long straight runs with no bends.
0

Lack of expansion tank or other dampening systeich ss water hammer arresters.

Chart 6.1 Maximum shock pressure caused by water hammer

5000 T T T T T
Velocity of Water (ft/sec)
12 J4|5 al?'a 9'101'112 13 14_15
3 AN ] [T AT ¥ 7T
€ 1500 SN ENITENA NI,
$ \\ ) ll IIII!]I‘I[ I/ll
3 N Stee! Pipe 71
° N . P yrry/sy i/
5 1000 AN 174717
g CastIron Pip;\\\ \--. i‘jf’!{]f( Il / l[ 7
% N [y 111/ /r/
2 N NN NRNNIVEIV
8 3500 N O 7y 7
3 . Iy r/
= I IR NRNENNIVEi
NINRERNNINAsi
WA r iy
2000 LY IVEAL T
0 10 20 30 40 50 200 400 600 800 1000
Inside Diameter (inches) Shock Pressure (Ibs/in?)

Wall Thickness (inches)

To use Chart 6.1 first it should divide the insideameter of the pipe by the wall
thickness, and

Enter the figure at this value, then project upwantll making an intersection with the
curve for either cast iron or steel pipe. This gitlee velocity of the pressure wave to the
left of the figure. Project this value horizontatty the right to intersect with the water

speed line, then project down to get the valuatfershock pressure.
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As shown in table 6.3, different pipes in the systeaving different diameters, and velocities

were chosen to calculate the shock pressure isystem.

Table 6.3Maximum shock pressure caused by the water hammer

Inside
Diameter Actual | wall | Diamete VEIOfC ity Velocity VEIOS hock

Pipe- | Length | Materi Inside | Thick | ' (n) 0 of ty 0 Shoc

. Pressure Water | Pressure
Label (m) al Diamete | ness Water ;

: ) Wall Wave (f/sec | (Ibs/in?)
. r(in) (in) . (m/sec)
(mm) | (in) Thickn | (ft/sec) )
ess (in)

P-2 126 DI 900 35.43 35.433 0.4 44.29 3450 5.94 19.49 850
P-428 100 DI 150 5.91 5.906 0.23 25.02 3910 3.62 11.88 610
P-998 36 DI 125 4.92 4.921 0.23 20.85 4020 3.55 11.6% 615
P-288 588 Steel 250 9.84 9.843 0.¢ 14.18 4450 3.28 10.76 620
P-460 2,732 DI 400 15.7% 15.748 0.3] 49.37 3370 2.87 9.42 440
P-289 1,331 DI 450 17.72 17.71¢ 0.3] 47.37 3410 2.87 9.42 445
P-481 63 DI 350 13.78 13.78 0.3¢ 45.48 3415 2.8 9.19 405
P-296 740 DI 450 17.72 1771y 0.3] 47.37 3405 2.57 8.43 380
P-50 21 Steel 300 11.80 11.811 0. 14.73 4470 2.56 8.4 505
P-51 26 Steel 300 11.81 11.811 0. 14.73 4470 2.56 8.4 505
P-48 24 Steel 300 11.80 11.811 0. 14.73 4470 2.55 8.37 500
P-49 24 Steel 300 11.80 11.811 0. 14.73 4470 2.55 8.37 500

As shown in table 6.3 it is obvious that the valeé the maximum shock pressure caused by

the water hammer is related strongly to the vabiegater velocity in the system, this mean that

the value of the shock pressure and their effeltingrease by increasing the water velocity.

Also a considerable note can be observed by makingmparison between the values of the
shock pressure for different pipes diameters.diiserved that the value of the shock pressure is
equal for different pipes when their velocities agual. In typical water pipes, shock waves
travel at up to 4500 ft/sec, and can exert tremesdostantaneous pressures, sometimes

reaching 150 to over 1,000 Psi, and as its shoam fihe table 6.3, the values of the shock

pressures lies within the limits that are commothmwater pipes systems[3].
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6.3.4

Modeling Scenarios

One of the many project tools in Bentley Water CABI is Scenario Management.
Scenarios allow you to calculate multiple "What' I§tuations in a single project file.
You may wish to try several designs and compareréiselts, or analyze an existing

system using several different demand alternataras compare the resulting system

pressures.

A Scenario is a set of Alternatives, while alteivied are groups of actual model data

Scenario and alternatives are based on a parddtfelationship where a child scenario

or alternative inherits data from the parent saenar alternative.

The water distribution network in the continuoup@y systems should be designed to
with stands the range of pressures corresponditigetoninimum and maximum supply

conditions. Which means: at (average day demarsk(damand) , peak hour demand &

low flow demand,(night flow demand)

Here are sample Scenarios & Alternatives for SthéySystem.

Vi.

Steady State Simulation Average daily demand ateres as base scenario
Extended Period Simulation -Peak hour demand g steénario

Firefighting flow demand alternative as child sagm@&Peak hou+1hr fire flow)
Future Water requirement is checked for, 2020.

System conditions are computed over a given duraéib a specified time
increment

System behaviors that can be analyzed using anricRle:

- How tank levels fluctuate,

- When pumps are running,

- Whether valves are open or closed, and

- How demands change throughout the day.
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7 RESULTS AND DISCUSSION

7.1 Results Presentation from Continuous Model

The results of continuous model of Addis Ababa wadistribution network discuss the ability
of the existing system with the assumed assumptimisdevelopment measures such as the
availability of water, increasing of demand, rechgcthe losses and high pressures, to satisfy the
requirements of demands, limits of velocities amespures in order to provide the water by

acceptable quantity and quality in the future.

Scenarios and alternatives allow you to createlyaeaand recall an unlimited number of
variations of your model. In Bentley WaterCAD iY8cenarios contain alternatives to give you

precise control over changes to the model.

7.2 Evaluation of the system in different condition

7.2.1 Steady state Simulation

Represent a snapshot in time and are used to detetine operating behavior of a system under
static conditions. This type of analysis can bdulga determining the short-term effect of fire

flows or average demand conditions on the system.

7.2.2 Extended Period Simulation (EPS)

Extended period simulations (EPS) are used to atalsystem performance over time. This
type of analysis allows the user to model tanks§jland draining, regulating valves opening
and closing, and pressures and flow rates chanfgnogghout the system in response to varying

demand conditions and automatic control stratefgiesulated by the modeler.
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7.2.2.1 Fire flow Demand Scenario

Figure 7.1 Hourly Hydraulic Pattern of 1-Hr Fire flow
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Figure 7.2Demand Pattern of the Day including the Fire Demand

3,000
Peak Day + Fire
2,500 |
Fire Storage
2,000 Equalization
Storage

=
="
—~1,500
‘:8: v
{ 1IN

500

Peak Day
Demand

Time, hrs

Addis Ababa University Institute of Technology

Page104



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadistdtem as a case study)

7.2.2.2 Future Water requirement is checked for the existig demand, 2020 and 2025

7.2.2.2.1 Demand Control Center

The Demand Control Center is an editor for manigiudgall the demands in your water model.
Using the Demand Control Center, you can add nenades, delete existing demands, or
modify the values for existing demands using stesh@L select and update queries.

The Demand Control Center provides demand editapguoilities which can:

« Open on all demand nodes, or subset of demand nodes

- Sort and filter based on demand criteria or zodd,,adit, and delete individual
demands,

« Global Edit demands, Provides access to statistidhie demands listed in the table,
and filter elements based on selection set, at&jlpredefined query, or zone.

Planning Scenarios- Check the system for futureashel® 2020/2025

64.7% Of nodes has negative pressure and couhdeét the required water demand, hence
there is high level of Demand shortfall along tioeles. Refer Appendix A.11

7.2.2.3 Low flow Demand Scenario

System behaviors that can be analyzed using an ERtlude:

- How tank levels fluctuate,
- When pumps are running,
- Whether valves are open or closed, and

- How demands change throughout the day.

7.2.2.4 Indicators of Control Settings

If a pressure switch setting is unknown, tank leredrts and pumping logs may provide a clue.
As shown in Figure 7.3, pressure switch settings lma determined by looking at tank level
charts and correlating them to the times when puanpsplaced into or taken out of service.
Operations staff can also be helpful in the prooésketermining pressure switch settings.
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Figure 7.3Correlation between tank levels and pump operation

@ 4
2
(3]
o
=
k=]
(T
o
£
=3
o

Time

4

=4
5]
] |
"
S
}._.

Time

Addis Ababa University Institute of Technology

Page106



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadistdtem as a case study)

7.3 Discussion

7.3.1 Findings

In general the analysis shows that the capacithetxisting distribution system is insufficient

to supply water from the current source of the tamvtine required pressure and rate.

For the existing situation of the Addis Ababa waltribution system, (Legedadi subsystem)

the following Research Findings have been found:

< Insufficient availability of water in the systemsyoptimized network performance
and insufficient source. For which the demand dreddupply of the water is entirely
in compatible. Besides, the existing water netwoak’'t even serve in its full
performance and capacity.

Unstructured network made of old pipes.

Excessive and low service pressures are observed.

8 § 9

Intermittent supply.

< No definite Pressure Zoning.

< The intermittent supply (Excessive Pumping) isctiffg the hydraulic performance
of the network and exposes it to high values adqunee and velocities.

& There is adverse effect of the intermittent systemghe readings of the customer

water meters due to the pushed and sucked airimétwork.

& Data base management problem-lacks integration.

Hence for the Modified System —The system calaupassure zone for the modified system. As
a result, nodes entered to their appropriate presaaone got improved discharge.

The outputs show that the network is exposed &tively high and low values of pressure and
velocity, which have negative effects on the peréorce of the network.

The comparison of pressure & results and field measents at specific locations shows a
reasonable and small difference.
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o

The demand nodes which are far away from the sswcdooster stations -have been
suffering from low pressure values as its showrtable 7.1 and registered for example
at the nodes: (J-RK 10, J-112, RK8, B8, RK7, SB28)1, J74, J-71)

The results of the pressure values in the wholeesyss it is mentioned in the Appendix
(A.1, A3, A5, A7, A9, A1l & A.13) show the dity of the system to satisfy the
needed pressures, In our case all 45% of nodekeirgiven alternatives experience

pressures below and above the design criterion.

The results of velocities in the continuous systesnshown in Appendix (A.2, A.6,
A.10, A.12, & A.14) just like the pressure headréhare pipes that experiencing
unreasonable values of velocities, which are beybedassumed limits of velocities.
Velocities should be with in the allowable limit &woid stagnation and water quality

problems, also to save the pipes from deterioratiomto the high velocities.

The negative sign of the discharges in the pipeshag/n in Appendix (A.1, A.3, A.5,
A.7,A.9, A1l & A.13) is an indication to the wrgim assuming direction only.

Here is the summarized Hydraulic Parameters Evaluaind Comparison for the different

Scenarios and Alternatives

Table 7.1Hydraulic Parameters Comparison in different Sdesar

Hydraulic Parameters for Evaluation

Pressure (m) Velocity (m/s)
Velocity
Pressure | Pressure Pressure Velocity> | Velocity< | 0.1m/s<=V
S.No Senario/ Alternatives >80m <20m 20m>P<80m | =2.5m/s =0.1m/s | >=2.5m/s
Base- Avg Day Demand-
1 SSA 7.30% 29.67% 63.02% 0.53% 20.00%| 79.47%
2 Low flow Scenario 15.85% 25.50% 58.65% 0.53% 25.66%| 73.81%
Peak hour (at 14PM) EPS
3 Analsis 1.59% 61.75% 36.66% 5.61% 20.32%| 74.07%
Peak hour + 1-Hr fire flow-
4 EPS Analsis 0.00% 72.06% 27.94% 12.56% 17.64%| 69.80%

Peak hour + 1-Hr fire flow+
Future Demand, 2025, EPS
Analsis 0.00% 89.97% 10.03% 26.47% 27.80% 45.73%

Modified Model-EPS Run 0.00% | 45.75% 54.25% 5.86% 17.64% 76.50%
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7.3.2 Average Day Demand Findings

User Notifications

Message Id 40004

Scenario Base- Avg Day Demand

Element Type Junction

Element Id 183

Label T12

Time 0

Message Negative pressure at Junction T12.
Source Calculation Warnings

Message Id 40004

Scenario Base- Avg Day Demand

Element Type Junction

Element Id 367

Label SP27

Time 0

Message Negative pressure at Junction SP27.
Source Calculation Warnings

Message Id 40004

Scenario Base- Avg Day Demand

Element Type Junction

Element Id 507

Label B11

Time 0

Message Negative pressure at Junction B11.
Source Calculation Warnings

Message Id 40004

Scenario Base- Avg Day Demand

Element Type Junction

Element Id 589

Label IC7

Time 0

Message Negative pressure at Junction IC7.
Source Calculation Warnings

Existing Water System of Legedadi sub system.wtg

ntlBg Systems, Inc. Haestad Methods Solution Gente
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Table 7.2Nodes having low values of pressure, Steady staddysis (-4<=P<=10m)

ID Label Elevation Demand Demand Hydraulic Grade Pressure
(m) Pattern (m3/s) (m) (m H20)
589 | IC7 2,441.00 Domestic 0.008 2,437.60 -3.39
507 | B11 2,610.00 Domestic 0.003 2,607.78 -2.22
367 | SP27 2,491.0 0.000 2,490.05 -0.95
183 | T12 2,512.00 Domestic 0.003 2,511.96 -0.04
136 | L117 2,406.00 0.000 2,406.65 0.65
135 | L22 2,406.00 Domestic 0.013 2,406.71 0.71
634 | J-104 2,615.0( 0.000 2,616.04 1.04
186 | T13 2,510.00 Domestic 0.003 2,511.39 1.38
443 | E4 2,635.00 Domestic 0.014 2,636.49 1.48
421 | J-87 2,404.00 0.000 2,406.22 2.22
146 | L125 2,404.00 0.000 2,406.56 2.55
217 | J-92 2,682.0( 0.000 2,685.16 3.16
524 | J-86 2,434.00 0.000 2,437.61 3.60
215 | J-90 2,637.00 0.000 2,640.86 3.85
145 | L124 2,402.00 0.000 2,406.15 4.14
149 | L128 2,402.00 0.000 2,406.20 4.19
147 | L126 2,402.00 0.000 2,406.34 4.34
629 | E12 2,560.0Q Domestic 0.006 2,564.37 4.36
140 | L119 2,402.00 0.000 2,406.46 4.45
143 | L122 2,402.00 0.000 2,406.46 4.45
144 | L123 2,402.00 0.000 2,406.46 4.45
445 | J-128 2,385.0( Domestic 0.012 2,389.47 4.46
175 | J-49 2,507.00 0.000 2,511.88 4.87
470 | B7 2,631.00 Domestic 0.002 2,635.89 4.88
171 | J-45 2,507.0( 0.000 2,512.01 5.00
176 | J-50 2,507.0( 0.000 2,512.08 5.07
173 | J-47 2,507.0( 0.000 2,512.09 5.08
190 | J-64 2,560.0( 0.000 2,565.81 5.79
193 | J-67 2,560.0( 0.000 2,565.81 5.79
155 | J-28 2,460.00 0.000 2,465.97 5.96
159 | J-32 2,460.00 0.000 2,465.98 5.97
158 | J-31 2,460.00 0.000 2,465.99 5.98
161 | J-35 2,460.00 0.000 2,466.01 6.00
165 | J-39 2,460.00 0.000 2,466.03 6.02
169 | J-43 2,460.00 0.000 2,466.03 6.02
163 | J-37 2,460.00 0.000 2,466.04 6.03
168 | J-42 2,460.0( 0.000 2,466.05 6.03
191 | J-65 2,560.00 0.000 2,566.10 6.08
354 | T3 2,440.00 Domestic 0.012 2,446.29 6.28
189 | J-63 2,560.00 0.000 2,566.46 6.45
154 | J-27 2,400.00 0.000 2,406.48 6.47
198 | J-72 2,483.0( 0.000 2,489.75 6.73
199 | J-73 2,483.00¢ 0.000 2,489.75 6.73
201 | J-75 2,483.00 0.000 2,489.80 6.79
569 | J-114 2,417.0( Domestic 0.005 2,424.55 7.54
522 | B10 2,600.00 Domestic 0.043 2,607.82 7.81
332 | J-138 2,390.0¢ Domestic 0.046 2,399.34 9.32
179 | E15 2,564.0Q Domestic 0.003 2,573.66 9.64
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It is obvious from the table (7.2), that the higilues of pressure appear at the nodes nearest to

the sources of water or booster stations as ita/shio the intermittent systems which lead also

to conclude that the consumer far away from theplsupoints will need to be more patient,

some high values of pressure are specified atades
(J-RK 10, J-112, RKS8, B8, RK7, SP26, J-101, J741)-

Table 7.3Nodes having high values of Pressure (80>=P<=1%1).32

. Hydraulic
ID Label Elevation Demand Pattern Demand Grade Pressure
(m) (m3/s) (m) (m H20)
151 L130 2,402.00 0.000 2,485.31 83.14
148 L127 2,402.00 0.000 2,485.45 83.28
150 L129 2,402.00 0.000 2,485.45 83.28
271 L69 2,283.00 Domestic 0.003 2,366.58 83.41
345 J-120 2,371.00 Domestic 0.006 2,455.75 84.58
246 J-55 2,350.00 0.000 2,435.43 85.26
283 L70 2,280.00 Domestic 0.003 2,366.48 86.30
346 J-121 2,366.00 Domestic 0.006 2,454.73 88.55
194 J-68 2,560.00 0.000 2,657.77 97.58
495 RK10 2,553.00 Domestic 0.001 2,655.11 101.91
428 J-112 2,346.00 Domestic 0.013 2,450.20 103.99
478 RK8 2,538.00 Domestic 0.001 2,644.52 106.30
488 B8 2,636.00 Domestic 0.002 2,743.82 107.60
405 RK7 2,511.00 Domestic 0.001 2,647.87 136.59
424 SP26 2,493.00 Domestic 0.005 2,631.67 138.40
632 J-101 2,545.00 0.000 2,694.59 149.29
200 J-74 2,483.00 0.000 2,654.52 171.17
197 J-71 2,483.00 0.000 2,654.67 171.32
Table 7.4 Links having velocity less than 0.1m/s
ID Label Length Start Node | Stop Node | Diameter Material Hazen- Flow Velocity
(Scaled) Williams
(m) (mm) c (m3/s) (m/s)
733 | P5 70 | J4 STz 1,200.0( | Stee 10C 0 0
734 | P-6 75 | STz J5 1,200.0( | Stee 10C 0 0
743 | P-15 49| L22 ST4 1,200.00 Steel 100 0
747 | P-21 148 L114 AN 60 Steel 100 0
775 | P-58 71 J-27 L117 1,000.00 Steel 100 0
957 | P-32C 872 | L104 J70 30C | DI 10C 0 0
102¢ | P-46: 27 | J12t J-12€ 40C | DI 10C 0 0
1043 | P-478 11 J-116 J-117 200 DI 1p0 0
1142 | P-583 730 B10 B9 11p PVC 110 0
1198 | P-677 909 J-106 J-112 300 DI D0 0
1250 | P-769 898 J-141 J-137 500 DI D0 0
125¢ | P-77¢ 21 | J-13t J-13€ 15C | DI 90 0 0
1327 | P-887 172 SP27 J-76 300 DI 100 0
810 | P-106 16 TM2 J-47 350 Steel 100 0
776 | P-62 12| J-31 JM3 30p Steel 1p0 0
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813 | P-108 34 J-46 J-48 400 DI 100 0 0
856 | P-165 16| ME2 J-82 40D  Steel 1P0 0 0
855 | P-164 18 J-81 ME2 30D  Steel 1pP0 0 0
797 | P91 20| J-43 J-39 350 Steel 100 0 0
777 | P-63 14 JIM3 J-30 250  Steel 1p0 0 0
771 | P-52 30, L127 L129 400 DI 100 0 0
754 | P-31 25| L119 L122 1,000.00 Steel 100 0 0
751 | P-28 24| 1118 L120 900 DI 100 0 0
75C | P-27 18 | TR3 L118 50C | Stee 10C 0 0
798 | P-92 20, J-40 J-44 250 Steel 100 0 0
800 | P-95 12| J-39 JM9 20D  Steel 1p0 0 0
749 | P-26 19 L119 TR3 600 Steel 100 0 0
845 | P-153 12| J-73 MO2 30D  Steel 1p0 0 0
841 | P-14¢ 27 | 372 J-73 30C | Stee 10C 0 0
84¢€ | P-154 11 | MO2 J-74 25C | Stee 10C 0 0
817 | P-113 38 J-52 J-51 150 Steel 100 0 0
818 | P-115 12 J-50 T™M4 150  Steel 100 0 0
801 | P-96 151 JM9 J-40 150  Steel 1p0 0 0
765 | P-46 25| L126 TR6 150 Steel 100 0 0
766 | P-47 23] TR6 L127 150 Steel 100 0 0
837 | P-142 19] J-64 Entoto2 150 Steel 100 0 0
833 | P-137 200 J-67 J-64 150 Steel 1|00 0 0
819 | P-116 12 T™M4 J-52 125  Steel 100 0 0
838 | P-143 33| Entoto2 J-68 125 DI 100 0 0
809 | P-104 15| J-46 T™M2 300 Steel 100 0 0
781 | P-68 12| J-33 J-30 300 Steel 100 0 0
145¢ | P-65C 27 | RK PMF-49 15C | DCI 10C 0 0
1455 | P-651 29 PMP-49 J-101 150 DCI 100 0 0
852 | P-162 43 M23 J-81 25D  Steel 1p0 0 0
1340 | P-900 409 J-91 L115 150 Steel 90 0
1405 | P-965 384 J-141 J-130 800 DI 100  -0.002 0
94€ | P-30¢ 62€ | L154 J79 30C | DI 10C 0 0.01
86C | P-174 734 | M19 J-78 60C | DI 11C | -0.00:z 0.01
1053 | P-493 960 T8 T10 15p DI 80 0 0.01
1280 | P-823 159 L42 L43 200 DI 110 -0.001 0.02
982 | P-350 796 L154 L108 30D  Steel 0 0.go1 0.02
1325 | P-885 778§ J-78 M18 300 DI 100 0.0p2 0]j02
978 | P-345 127] L155 L154 400 DI 1Q0 0.003 0,03
826 | P-126 2,450 Ti12 SP15 250 DI 1p0 0.qo1 0.03
1203 | P-704 455 J-84 J-137 500 DI 0 0.9o7 0.04
1425 | P-985 587 T18 T9 200 DI 1Q0 0.001 0,04
857 | P-169 200 J-78 ME1 40D  Steel 1pP0 0.906 Q.04
1329 | P-889 854 J-76 SP12 300 DI 1p0 0.003 Q.04
848 | P-156 53 MO J-75 300 DCI 1Q0 0.003 0,04
84¢ | P-157 14 | J75 MO3 30C | Stee 10C 0.00: 0.04
1283 | P-826 681 J-79 L156 150 Gl h0 0.001 0{05
1153 | P-658 812 RK9 RK8 50 PVC 110 0 0.p5
851 | P-160 1,142 L35 J-79 600 DI 100 0.015 0{05
938 | P-290 2121 L36 L35 900  Steel 100 0.037 0,06
124¢ | P-761 461 | J-84 J-13& 15C | Stee 9C 0.001 0.0¢
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1271 | P-814 102 L153 L37 150  Steel 80 O.dOl 0.06
977 | P-344 456 L35 L155 400 DI 100 0.0J)B 0.06
850 | P-158 13] MO3 J-76 25D  Steel 1p0 0.903 Q.06

1337 | P-898 257 IC7 J-86 400 Steel B0 -0.008 Q.07
980 | P-347 388 L38 L40 600 DI 110 0.02 0.07
858 | P-170 18] ME1 M23 300 Steel 100 0.006 0{08
831 | P-135 2,035 Bl4 SP16 150 DI 1p0 0.q01 0.08

1279 | P-822 2,052 L28 L47 200 DI 100  -0.003 0,08

119¢ | P-584 40t | B1G B11 20C | DI 9C 0.00: 0.0¢

1434 | P-994 51 L111 L28 400 DI 1Q0 0.012 0,09

The above 77 pipes in the system has a velocity tlesn the minimum limits, of minimum
velocities which is 0.1-0.3 m/s. Minimum velocitigisould be avoided from the system to the in
order to avoid stagnation and water quality prolslefo resolve this problem, maintaining the

limits of minimum pressure.

Actually O velocities are expected in the loop kafdvater distribution system.

Table 7.5 Links with high velocity value

ID Label Length Start | Stop Node| Diamet | Materia | Hazen- | Flow Veloc | Headloss | Has User
(User Node er | Willia (m3/s) ity Gradient | Defined
Defined) (mm) ms C (m/s) (m/m) Length?
(m)
1460 | P-582a 14 B7 J-104 90/0 DI 8d.0 0.945 7.10 76L2 False
LAGADA Ductile |
1479 | P-2 126 R-2 DI TANK 900.0 Iron 130.0 3.779 5.94 0.025 False

7.3.3 Peak hour + 1-Hr fire flow

For the Peak hour demand + 1-Hr Fire flow Scena?i®6% of the demand is not satisfied and 18.72%
of the velocities are above 2 m/s. See Appendix&2A10

7.3.4 Low flow Scenario

For the Low flow Scenario 25.5 % of the demandeatolw the allowable pressure limit. And only two
pipes (P-2 &P-3) have the velocities above 2m/s, Agpendix A.13 &14

7.3.5 Peak hour + 1-Hr fire flow+ Future Demand, 2020

As we have observed from the result data the egjstystem hydraulic performance is unable to sBati
the future demand for 2020. 32.62 % of the pipestigh value of velocity above 2m/s and 89.97% o
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the demands are not satisfied and out of it 64.97%he nodes have very large negative number, and

very high head losses are observed. See Appentlix &12

7.4 System capacity Performance

Figure 7.4EPS runs showing low pressure due to elevatioysies capacity

60
Typical
50
40
B
3 Capacity Problem
= 30
&
g 'W.
20
Elevation Problem
10
0
0 10 20 30 40

Time, hr As

per the above figure, we can conclude that asysem’'s network has the capacity problem, because

most nodes in the system have the very sinusoidabpre modes at the nodes. (Refer Figure 7.4)
7.5 Criticality analysis for the Existing System

The most important function of criticality analysssthe ability of the system to meet demands
given a segment outage. A form of this analysihéscase where the shortfalls are determined
solely based on connectivity. If the node is coteddack to the source, it is assumed the

demands are met.
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Table 7.6Criticality Segmentation Results, for the

Criticality Segmentationdrés

Pealirh+1-Hr fire flow

Segment Are Is Maxi System System Syste | Node | Dem | Node Volume Node | Pressur Pressure
all Bala | mum Demanded Supplied m with and with Demanded at| with e Supplied at
dema [ nced | Allo Volume Volume Dem Larg | Short | Larg Worst Node the Deman Worst Node
nds ? wabl L) L) and est fall at est ()] Larges | ded at (m H20)
met? e Short | Perce | Wors | Volu t Worst
Dem fall nt t me Pressur| Node
and (%) Dem | Node | Short e (m
Short and (%) fall Shortfa | H20)
fall Short Il
(%) fall
Criticality I b / Y "
Segment — 1 False True 50.0 192,064,5266 0 100.0 L2p 100.047 L| 23,416,710.3] (N/A) (N/A) (N/A)
ggg?;‘g _5 | True | True | 500| 1920645265 1255430625 346 1471000 | L47 23,416,710.3  SP26 100  -260,168,343.91
ggg?;‘g _3 | True | True | 500| 10920645265 1255430625 346 1471000 | L47 23,416,710.3  SP26 100  -260,168,343.91
gggﬁ;‘;{ _,4 | Tue | True| 50.0| 1920645265 1255430625 346 L471000 | L47 | 234167103 SP26 100 -260,168,343.91

System Demand Shortfall easily detected and shbevslégree this shortfall from the criticality

analysisFigure 7.4 EPS run showing sample nodes havingisysapacity problems

7.6 Proposals for the System Operation

7.6.1 Darwin Designer to Optimize the Setup of a Pipe Netork

In this lesson, you use Darwin Designer to optintieesetup of a pipe network.

There are three scenarios:

7.6.2

By applying possible actions including cleaningegirelining pipe, and leaving the pipe as it & (n

Existing Systemrepresenting current system conditions

Future Condition representing the system expansion layout

Optimization Baserepresenting the base scenario that Designepptilnize.

Old pipes need to be rehabilitated

action or do nothing to a pipe).

From the above table 69% of the Pipes are fromB@ears , 21.1% of the pipes have 40 -50
years & 9% of the pipes are above 50 years.
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Table 7.7: Pipes require Replacement (Year of ConstructionO¥=ars)

Pipe Shape Dia_mm | Material | Yr_Cons | X_Cent | Y_Centro | X_Start | Y_Start Line_Type
-1d | _Leng(m) roid id
P-1 625.2¢ 15C ST 1,95¢ 47438¢ 99976¢ 47411 99961« Distributior
P-2 505.17 200 DCI 1,955 472891 998939 473098 999044 Distribution
P-3 2,163.46 125 GS 1,955 471414 | 1000911 470714 1001679 Distribution
P-4 2,953.4 15C GE 1,95¢ 47157 100063t 47235¢ 99937¢ Distributior
P-5 354.61 150 ST 1,955 473872 995522 473993 995655 Distribution
P-6 520.0¢ 12¢ GE 1,95¢ 47215¢ 99979! 47202¢ 100001 Distributior
P-7 391.05 350 ST 1,955 472751 998618 472767 998450 Distribution
P-8 444.86 300 DCI 1,959 472152 999508 472272 999339 Distribution
P-9 375.6¢ 30C DCI 1,95¢ 47181( 99928 47195 99940: Transmissio
P-10 1,561.97 900 ST 1,970 485576 996988 486356 997005 Transmission
P-11 1,130.3: 90C ST 1,97(C 48692: 99703" 48748¢ 99704 Transmissio
P-12 2,448.42 900 ST 1,970 483574 996973 482353 997056 Transmission
P-13 2,085.25 1,200 ST 1,970 483700 996987 484739 996983 Distribution
P-14 2,173.96 900 ST 1,970 481313 997370 482353 997057 Distribution
P-15 636.00 150 DCI 1,970 481102 997440 481409 997356 Distribution
P-1€ 1,100.0: 15C ST 1,97(C 47361 99787( 47412 99789!( Distributior
P-17 6,698.04 900 DCI 1,970 492358 | 1000859 489562 1000182 Distribution
P-18 228.0° 15C ST 1,97(C 47465:¢ 99996! 47466 99985! Distributior
P-19 2,144.67 900 ST 1,970 489064 999243 488599 998299 Distribution
P-20 1,680.03 900 ST 1,970 488045 997667 488599 998299 Transmission
P-21 3,131.7! 90C ST 1,97(C 47936¢ 99683t 48030( 99770: Transmissio
P-22 2,458.30 1,200 ST 1,970 481472 997350 482659 997052 Distribution
P-23 2,298.6¢ 90C ST 1,97(C 47674¢ 99644t 47785: 99675 Distributior
P-24 17.48 300 DCI 1,970 481408 997352 481406 997344 Distribution
P-25 567.06 400 ST 1,970 473627 995886 473910 995863 Transmission
P-2€ 1,613.7( 90C ST 1,97(C 47492t 99577t 47412¢ 99583 Distributior
P-27 669.80 100 GS 1,970 473555 996718 473849 996571 Distribution
P-28 345.5¢ 10C DCI 1,97(C 47306¢ 99660! 47323¢ 99662: Distributior
P-29 789.23 150 GS 1,970 473055 995821 472778 995998 Transmission
P-30 1,232.62 200 DCI 1,974 473842 | 1000984 473793 1000372 Distribution
P-31 520.71 150 DCI 1,975 476894 992859 477138 992949 Distribution
P-32 1,275.83 150 DCI 1,975 471723 999625 472102 999148 Distribution
P-33 1,187.2! 15C DCI 1,97¢ 47332: 99912¢ 47381 99883’ Distributior
P-34 1,018.09 150 DCI 1,975 473338 | 1000038 473074 999662 Distribution
P-35 855.61 200 DCI 1,975 473437 999495 473078 999672 Distribution
P-36 710.51 250 DCI 1,975 473471 | 1000110 473168 999953 Distribution
P-37 1,195.28 350 DCI 1,975 472632 998815 472392 999126 Distribution
P-38 4,024.8! 15C DCI 1,97¢ 47260: 100072 47237 99925¢ Distributior
P-39 839.45 250 DCI 1,975 473731 999931 473838 1000292 Distribution
P-4C 1,198.1( 15C DCI 1,97¢ 47364 100215! 47368 100156: Distributior
P-41 435.70 150 DCI 1,975 475520 997243 475303 997227 Distribution
P-42 488.81 150 DCI 1,975 475502 997252 475359 997440 Transmission
P-43 1,129.3¢ 15C DCI 1,97¢ 47363( 100217! 47345¢ 100270: Distributior
P-44 1,136.70 250 DCI 1,975 473884 990503 473927 989934 Distribution
P-4% 516.9: 35C DCI 1,97¢ 47354¢ 99183" 47340: 99245’ Transmissio
P-46 554.51 300 DCI 1,975 473717 991313 473622 991572 Distribution
P-47 737.86 200 DCI 1,975 472790 992812 473402 992457 Distribution
P-48 1,957.8¢ 30C DCI 1,97¢ 47383: 99806¢ 47447 99834¢ Distributior
P-49 487.00 150 DCI 1,975 475504 997253 475361 997440 Transmission
P-5C 1,002.2: 20C DCI 1,97¢ 47403t 99327t 47435 99304! Distributior
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P-51 698.74 150 DCI 1,975 476411 997458 476319 997121 Transmission
P-52 948.75 400 DCI 1,975 473816 999846 473771 1000279 Distribution
P-53 2,502.32 250 DCI 1,975 474257 999254 475205 998549 Distribution
P-54 327.4 20C DCI 1,97¢ 47247¢ 99867¢ 47254( 99882! Distributior
P-5& 1,605.6: 25C DCI 1,97¢ 47261 99966¢ 47316¢ 99995! Transmissio
P-56 463.36 150 DCI 1,975 472240 999394 472273 999544 Distribution
P-57 1,284.85 450 DCI 1,975 474829 995233 474683 994633 Distribution
P-58 545.88 250 DCI 1,975 477047 993205 476821 993389 Distribution
P-59 431.43 150 DCI 1,975 472486 996142 472402 996215 Distribution
P-6C 62.3¢ 15C DCI 1,97¢ 47348 99784t 47345¢ 99785t Distributior
P-61 396.84 150 ST 1,975 477845 996539 477849 996737 Distribution
P-62 2,857.3 40C DCI 1,97¢ 47928« 99699: 48033: 99777 Distributior
P-63 1,077.81 125 DCI 1,975 475492 | 1000863 475072 1000800 Distribution
P-64 321.38 150 DCI 1,975 473974 999536 474114 999614 Distribution
P-65 1,858.80 200 DCI 1,975 474614 996633 475126 995894 Distribution
P-66 1,530.36 200 DCI 1,975 474693 996395 475127 995877 Distribution
P-67 760.1¢ 15C DCI 1,97¢ 47535 99723¢ 47573 99724! Distributior
P-68 556.64 150 DCI 1,975 474270 997088 474480 996954 Distribution
P-69 691.53 350 DCI 1,975 474705 998142 474474 998351 Distribution
P-70 526.39 200 DCI 1,975 472754 998298 472710 998049 Distribution
P-71 666.0( 20C DCI 1,97¢ 47380t 99763: 47404( 99770: Distributior
P-72 289.1: 20C DCI 1,97¢ 47375¢ 99796! 47390: 99794t Distributior
P-73 3.84 150 DCI 1,975 475122 995880 475120 995879 Distribution
P-74 3.79 150 DCI 1,975 475122 995878 475121 995877 Distribution
P-75 17.13 150 DCI 1,975 475124 995884 475119 995880 Distribution
P-7€ 35.2¢ 15C DCI 1,97¢ 47512¢ 99587¢ 47513¢ 99586¢ Distributior
P-77 11.4¢ 15C DCI 1,97¢ 47512 99588t 47512« 99588! Distributior
P-78 1,116.37 350 DCI 1,975 474561 998842 474474 998349 Distribution
P-79 42.71 350 DCI 1,975 474523 998384 474512 998403 Distribution
P-80 152.94 300 DCI 1,975 476614 997830 476573 997765 Distribution
P-81 681.05 250 DCI 1,975 474228 999478 473967 999696 Distribution
P-82 424.78 125 ST 1,976 478324 994405 478415 994597 Distribution
P-83 154.94 100 DCI 1,984 480170 997754 480164 997677 Distribution
P-84 2,186.3( 15C GE 1,98/ 47944 99700¢ 48019¢ 99767¢ Distributior
P-85 1,099.26 1,200 ST 1,985 486905 997074 486356 997045 Distribution
P-86 1,620.34 1,200 ST 1,985 485546 997027 484739 996983 Distribution
P-87 1,740.94 1,200 ST 1,985 488068 997624 488633 998280 Distribution
P-88 6,476.27 1,400 ST 1,985 492257 | 1001347 489580 1000172 Distribution
P-8¢ 2,929.8: 30C DCI 1,98¢ 47160¢ 100060 47237¢ 99937 Distributior
P-90 1,920.77 500 DCI 1,985 473215 999077 472408 999318 Distribution
P-91 2,143.36 900 DCI 1,985 477568 997320 476648 997869 Distribution
P-92 1,001.16 900 ST 1,985 487965 997626 488328 997919 Transmission
P-93 431.0¢ 1,20C ST 1,98¢ 48879: 99843 48888( 99862¢ Transmissio
P-94 2,741.1° 90C DCI 1,98¢ 47548¢ 99848! 47664¢ 99786¢ Transmissio
P-95 1,204.88 400 DCI 1,985 473817 | 1000902 473676 1001485 Transmission
P-96 1,645.49 400 DCI 1,985 474035 999774 473845 1000297 Distribution
P-97 805.37 500 DCI 1,985 474418 998969 474041 998853 Distribution
P-98 2,527.6! 90C DCI 1,98¢ 47974( 99677¢ 48032¢ 99771¢ Transmissio
P-99 1,704.72 1,200 ST 1,985 489177 999428 488880 998629 Transmission

From the above table 69% of the Pipes are fromB@ears , 21.1% of the pipes have 40 -50
years & 9% of the pipes are above 50 years.
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7.6.3 EXxisting pipes need to re-size:

Existing pipes need to re-size are:

Table 7.8Existingpipes need to re-size are:

ID Label Length Start Stop Diameter Revised Hazen- Flow Velocity
(Scaled) Node Node Diameter Material Willia (m3/s)
ms
(m) (mm) (mm) C (m/s)
965 | P-582a 194 B7 J-104 90 150 Ductile Iron 80 0.077 12.07
LAGA
941 | P-2 126 R-2 TANK 900 950 Ductile Iron 13( 2.93p 4.491
937 | P-428 100 J-27 J-138 140 200 Ductile Iron 00 .07® 4.39
936 | P-998 36| L2 L3 124 150 Ductile Iron 100 -0.063 4.31
915 | P-288 588 L116 L36 25D 300 Steel DO 0.201 4.1
914 | P-460 2,734 L1130 J-127 470 450 Ductile Iron 100 0.442 3.52
844 | P-289 1,331 L116 L46 450D 500 Ductile Iron PO 563. 3.54
836 | P-481 63 J-132 J-131 330 400 Ductile Iron 00 .35® 3.69
834 | P-296 7400 L47 L46 450 500 Ductile Iron DO -0.5 3.14
821 | P-671 1,195 J-143 J-108 200 250 PVC 110 0J087 .76 p
820 | P-710 90| R1 E4 10D 150 PVC 110 0.024 3.1
817 | P-48 24| L1128 TR5 300 200 Steel 1p0 0.221 3.12
816 | P-787 3771 G2 G1 15D 200 Ductile Iron 100 -0.053 3.02
815 | P-785 714 J-144 J-113 1%0 200 Ductile Iron |00 -0.054 3.04
805 | P-485 667 J-131 J-119 300 350 Ductile Iron 90 .189 2.68
803 | P-647 19| PMP-47| J-101 15 150 Galvani Iron 90 074, 16.69
802 | P-646 622 J-101 RK10 75 150 Galvani Iron 90 10.p 2.39
767 | P-118 13] TM3 J-51 12 160 Steel 100 0.205 16.67
1479 | P-330 819 L19 L18 20D 250 Ductile Iron 1010 78. 2.33
1460 | P-100 13 JIm7 J-41 150 200 Steel 100 0.1 .63
1457 | P-98 14 JIM8 J-44 15D 200 Steel 300 0.1 3.64
1453 | P-252 200 UR1 J-55 200 250 Steel 100 0.114 B.63
1451 | P-466 1,164 J-123 J-124 150 200 Ductile Iron 00 L -0.041 2.32]
1449 | P-141 16 Entotol J-68 135 150 Steel 100 0j046 3.76
1438 | P-152 120 MOl J-71 250 300 Steel 100 0.2 4.07
1262 | P-475 783 J-116 J-130 500 550 Ductile Iron LO0 -0.484 2.46
1261 | P-474 629 J-115 J-116 500 550 Ductile Iron L00 -0.48 2.45
1259 | P-117 13 J-49 TM3 15D 200 Steel 100 0.p05 811.5
1216 | P-804 947 PG G1 200 250 Ductile Iron 100 0.094 3.01
1207 | P-473 860 J-120 J-115 300 350 Ductile Iron [90 -0.208 2.94
1171 | P-97 13] J-43 JM8 200 250 Steel JIOO 0.1 17
1148 | P-251 16 C45 UR1 250 300 Steel 100 0.114 .32
1128 | P-139 1,259 J-68 R1 150 200 Ductile Iron 100 0.054 3.05
1081 | P-830 3771 RK20 RK15 100 150 Galvani Iron 90 .020 2.84
1080 | P-649 24 PMP-48] B8 100 150 Ductile Iron 90 50. 7.32
1048 | P-653 34 PMP-50] B8 100 150 Steel 100 0.p57 2.3
1046 | P-111 400 J-50 J-49 2740 250 Steel 100 0[205 1p5
1041 | P-110 43 T™M J-50 20D 250 Steel 100 0.205 $.51
1040 | P-529 1,553 L13 L8 20D 250 Ductile Iron 1p0 128. 4.08
1039 | P-721 180 RK20 RK21 100 150 Galvani Iron 90 02d. 2.51
1032 | P-530 644 L8 L9 15 200 pPvC 120 0f1 5.2
1027 | P-585 2,910 B7 SP26 1%0 200 Galvani Iron 90 109 6.14
1014 | P-113 38 J-52 J-51 150 200 Steel 100 0.1 b.66
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7.6.4 Pipes having zero velocity —zero flow

Table 7.9Pipes having zero velocity —zero flow

ID Label Length Start Stop Diameter Material Hazen| Has Flow Velocity
(Scaled) | Node Node (mm) - Check | (m?3/s) (m/s)
(m) Willia | Valve
ms C ?
73z | P-5 70 J4 STZ 1,200.( Stee 100.C | False 0.00c 0.0C
734 | P-6 75 ST2 J-5 1,200.0 Steel 100.0 | False | 0.000 0.00
74% | P-15 49 L22 ST4 1,200.( Stee 100.C | False 0.00c 0.0C
775 | P-58 71 J-27 L117 1,000.0 Steel 100.0 | False | 0.000 0.00
957 | P-32C 872 L104 J-7C 300.( Ductile Iror 100.C | False 0.00( 0.0C
102¢ | P-463 27 J-12¢ J-12¢€ 400.( Ductile Iror 100.C | False 0.00( 0.0C
1043 | P-478 11 J-116 J-117 200.0 Ductile Iron 100.0 | False | 0.000 0.00
1147 | P-588 73C B1C B9 110.( PVC 110.C | False 0.00( 0.0C
1198 | P-677 900 J-106 J-112 300.0 Ductile Iron 130.0 | False | 0.000 0.00
125C | P-76¢ 89¢ J-141 J-137 500.( Ductile Iror 130.C | False 0.00( 0.0C
1254 | P-775 21 J-135 J-136 150.0 Ductile Iron 130.0 | False | 0.000 0.00
1327 | P-887 172 SP27 J-76 300.0 Ductile Iron 100.0 | False | 0.000 0.00
77€ | P-62 12 J-31 JM3 300.( Stee 100.C | False 0.00( 0.0C
810 | P-106 16 T™M2 J-47 350.0 Steel 100.0 | False | 0.000 0.00
85€ | P-16¢ 16 ME2 J-82 400.( Stee 120.C | False 0.00( 0.0C
813 | P-108 34 J-46 J-48 400.0 Ductile Iron 100.0 | False | 0.000 0.00
781 | P-68 12 J-33 J-30 300.0 Steel 100.0 | False | 0.000 0.00
7771 | P-63 14 JM3 J-3C 250.( Stee 100.C | False 0.00( 0.0C
855 | P-164 18 J-81 ME2 300.0 Steel 120.0 | False | 0.000 0.00
797 | P91 20 J-43 J-3¢ 350.( Stee 100.C | False 0.00( 0.0C
852 | P-162 43 M23 J-81 250.0 Steel 100.0 | False | 0.000 0.00
754 | P-31 25 L11¢ L122 1,000.( Stee 100.C | False 0.00( 0.0C
74¢ | P-2€ 19 L11¢ TR3 600.( Stee 100.C | False 0.00( 0.0C
771 | P-52 30 L127 L129 400.0 Ductile Iron 100.0 | False | 0.000 0.00
80C | P-9E 12 J-3¢ JM9 200.( Stee 100.C | False 0.00( 0.0C
845 | P-153 12 J-73 MO2 300.0 Steel 100.0 | False | 0.000 0.00
841 | P-14¢ 27 J-72 J-73 300.( Stee 100.C | False 0.00( 0.0C
75C | P-27 18 TR3 L118 500.( Stee 100.C | False 0.00( 0.0C
765 | P-46 25 L126 TR6 150.0 Steel 100.0 | False | 0.000 0.00
76€ | P-47 23 TRE L127 150.( Stee 100.C | False 0.00( 0.0C
846 | P-154 11 MO2 J-74 250.0 Steel 100.0 | False | 0.000 0.00
81¢ | P-11F 12 J-5C T™M4 150.( Stee 100.C | False 0.00( 0.0C
801 | P-96 15 JM9 J-40 150.0 Steel 100.0 | False | 0.000 0.00
837 | P-142 19 J-64 Entoto2 150.0 Steel 100.0 | False | 0.000 0.00
83% | P-137 20 J-67 J-64 150.( Stee 100.C | False 0.00( 0.0C
819 | P-116 12 T™M4 J-52 125.0 Steel 100.0 | False | 0.000 0.00
83¢ | P-14: 33 Entotoz J-68 125.( Ductile Iror 100.C | False 0.00( 0.0C
1454 | P-650 27 RK PMP-49 150.0 Ductile Iron 100.0 | False | 0.000 0.00
809 | P-104 15 J-46 T™M2 300.0 Steel 100.0 | False | 0.000 0.00
134( | P-90C 40¢ J-91 L11E 150.( Stee 140.C | False 0.00( 0.0C
1280 | P-823 159 L42 L43 200.0 Ductile Iron 110.0 | False | 0.000 0.00
98z | P-35C 79¢€ L154 L108 300.( Stee 140.C | False 0.00Z 0.0
1325 | P-885 778 J-78 M18 300.0 Ductile Iron 100.0 | False | 0.003 0.04
82¢ | P-12¢ 2,45( T12 SP1! 250.( Ductile Iror 100.C | False 0.00Z 0.0t
857 | P-16¢ 20 J-78 ME1 400.( Stee 120.C | False 0.00¢ 0.0¢
1283 | P-826 681 J-79 L156 150.0 Galvanized iron | 120.0 | False | 0.001 0.08
1415 | P-977 587 T15 T1 150.( Ductile Iror 100.C | False 0.00( 0.01
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1452 | P-64¢ 283 T-14 PMEF-48 200.( Ductile Iror 100.C | False 0.00(¢ 0.0c
874 | P-190 474 El4 R3 100.0 Ductile Iron 130.0 | False | 0.000 0.00
1450 | P-645 21 RK PMP-47 200.0 Galvanized iron | 140.0 | False | 0.000 0.00
1276 | P-819 1,291 L153 L46 250.0 Ductile Iron 100.0 | False | 0.000 0.00
1206 | P-708 157 E3 R2 100.0 Ductile Iron 130.0 | False | 0.000 0.00
875 | P-18¢ 22 R2 J-92 100.C Ductile Iror 100.C | False 0.00(¢ 0.0c
1214 | P-719 307 RK RK13 250.0 Ductile Iron 130.0 | False | 0.000 0.00
1456 | P-652 29 T-14 PMP-50 100.0 Steel 100.0 | False | 0.000 0.00
1208 | P-711 262 El R3 75.0 Galvanized iron | 120.0 | False | 0.000 0.00
1205 | P-706 281 R3 E2 50.0 PVC 110.0 | False | 0.000 0.00
847 | P-155 3,031 J-74 T-14 300.0 Ductile Iron 100.0 | False | 0.000 0.00
1217 | P-722 62 | B7 T-14 250.0| Ductile Iron 130.0| False 0.000 0.00

For the above pipes case, there is no flow alooggelipipes at the peak hour, 14hr due the high digman
but the system shows improvement.

7.6.5 PRV Recommendation for those nodes having very higbressure beyond the
allowable limit

Figure: 7.5 Recommended PRV Location for the lower servieasr

Without PRV -

Tank
on
Hill

Target Maximum Grade
With PRV :

Higher
Service
Area

Lower
Service
Area
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Table 7.10Existing nodes with very high pressure

ID Label Elevation | Demand Pattern Demand Hydraulic Pressure
(m) (m3/s) Grade (m H20)
(m)
197 J-71 2,483.00 Fire Demand 0.000] 2,654.69 471.3]
200 J-74 2,483.00 Fire Demand 0.000] 2,654.54 071.2,
405 RK7 2,511.00 Domestic 0.001 2,660.27 148.97
424 SP26 2,493.00 Domestic & Fire Deman 0.007 2163 141.87
632 J101 2,545.01 Fire Deman 0.00¢ 2,671.8 126.5¢
478 RK8 2,538.00 Domestic 0.001 2,656.82 118.58
495 RK10 2,553.00 Domestic 0.001 2,670.78 117.49
428 J-112 2,346.00 Domestic & Fire Deman 0.01 4221 100.01
398 RK22 2,431.00 Domestic 0.021 2,528.27 97.07
346 J-121 2,366.00 Domestic & Fire Deman 0.008 522 88.55
194 J-68 2,560.00 Fire Demand 0.000| 2,646.13 86.56
345 J-120 2,371.00 Domestic & Fire Deman 0.008 5@6B 85.46
283 L70 2,280.00 Domestic 0.004 2,362.85 82.68
488 B8 2,636.00 Domestic & Fire Demand 0.003 2748. 82.13

Thus, it is recommendable that nodes with very Ipiggssures should incorporate PRV in the
line except for the nodes of fire demand. (Rk7, Rki810, Rk22, L70)

7.6.6 Managing very low pressure nodes

Low pressure (negative pressure) nodes, can begedryy using the Flow Control Valves
(FCV)

7.6.7 Developing or optimizing pressure zone boundaries

7.6.7.1 Pressure Zones

Given the topographical layout of Legedadi Subesystand the configuration of the existing
distribution network, the task of dividing the syudrea into pressure zones is one of the

significant tasks of this research work.

Allocating nodes to their appropriate pressure rzgnivould give the chance to the nodes

getting better flow and pressure head. As a rethdtsystem shows better improvement.

Construction of a workable model to simulate thg'sidistribution system, creating a key tool
for its operation and management. In the pressoméng, the software Water CAD that we use
is highly responsible for categorizing the syst&mrmulation of a scheme for optimal division
of the existing and future network into feasiblegsure zones complying with sound technical

and economic considerations.
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Figure 7.6 Optimized pressure zone boundaries for the Legesialosyster

Scenario: New Optimized Design Run-1-1

— !
e W —
Exizting Water Syvstem of Legedadi sub sy stem H0AH+ Berthey WiaterCAD WE (SELECTseres 4)
Proposal wtg Bentley Systemsz, Inc. Haestad hethods Solution Center [0:.11.04.501
G014 27 Siemon Company Drive Suite 200 W0 Wigtertown, CT 06785 Page 1 of 1
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The boundaries of the 14 pressure zones proposedefgedadi sub-system were delineated.
The network analysis identified and confirmed thef@red locations for reservoirs and
pumping stations.

There are some areas where the static heads ave@ss of the design value of 80 m; these
include river valleys where very few or no housungts exist and the zoned recreational green
areas. There are also a few areas where the B&stdts are slightly less than 20 m; these areas

include small hills where little or no developméiats occurred.

Table 7.11: Pressure zone boundaries of Legedadi Sub-system

Nodes | Isolation Boundary | Length Fluid
Pressure Zone <Count> | Elements Pipes Pipes (m) Volume (L)

Pressure Zone — 1 1711 17 2B3 9 182,092 56,758061.6
Pressure Zone — 2 10 4 15 0 8,382 167,448.70
Pressure Zone — 3 11 4 14 1 9,602 430,659.40
Pressure Zone — 4 5 2 7 0 2,914 17,118.40
Pressure Zone — 5 39 15 b7 1 21,531 1,604,311.50
Pressure Zone — 6 1 0 0 2 0 0
Pressure Zone — 7 1 0 0 1 0 0
Pressure Zone — 8 4 3 6 0 1,444 44,015.20
Pressure Zone — 9 2 1 2 1 868 61,049.10
Pressure Zone — 10 4 1 4 0 1,033 5,511.90
Pressure Zone — 11 4 2 5 0 6p1l 6,690.90
Pressure Zone — 12 11 4 15 0 7,536 299,118.80
Pressure Zone — 13 2 2 3 0 79 4,673.50
Pressure Zone — 14 2 2 3 0 1,707 14,446.00

Table 7.12Allocations of Reservoirs (Pumps), EPS Analysigl @ontinuous Model

Pressure Zone — 1 TR4 Pump
Pressure Zone — 1 TRS5 Pump
Pressure Zone — 1 TR6 Pump
Pressure Zone — 1 UR1 Pump
Pressure Zone — 1 ME1 Pump
Pressure Zone — 1 ME2 Pump
Pressure Zone — 1 TP1 Pump
Pressure Zone — 1 TR2 Pump
Pressure Zone — 1 TR3 Pump
Pressure Zone — 1 JM3 Pump
Pressure Zone — 1 JM5 Pump

Addis Ababa University Institute of Technology

Page123



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadisigtem as a case study)

Pressure Zone — 1 JM4 Pump
Pressure Zone — 1 JM2 Pump
Pressure Zone — 1 JM1 Pump
Pressure Zone — 1 JM9 Pump
Pressure Zone — 1 JM8 Pump
Pressure Zone — 1 JM7 Pump
Pressure Zone — 2 PMP-49 Pump
Pressure Zone — 2 PMP-47 Pump
Pressure Zone — 2 TM4 Pump
Pressure Zone — 2 TM3 Pump
Pressure Zone — 3 PMP-50 Pump
Pressure Zone — 3 PMP-48 Pump
Pressure Zone — 3 MO1 Pump
Pressure Zone — 3 MO2 Pump
Pressure Zone — 4 PMP-47 Pump
Pressure Zone — 4 PMP-49 Pump
Pressure Zone — 5 MO2 Pump
Pressure Zone — 5 MO1 Pump
Pressure Zone — 5 MO3 Pump
Pressure Zone — 5 ™1 Pump
Pressure Zone — 5 TM2 Pump
Pressure Zone — 5 TM3 Pump
Pressure Zone — 5 TM4 Pump
Pressure Zone — 5 JM1 Pump
Pressure Zone — 5 JM2 Pump
Pressure Zone — 5 JM9 Pump
Pressure Zone — 5 JM8 Pump
Pressure Zone — 5 JM7 Pump
Pressure Zone — 5 JM3 Pump
Pressure Zone — 5 JM4 Pump
Pressure Zone — 5 JM5 Pump
Pressure Zone — 8 R1(1) Pump
Pressure Zone — 8 Entotol Pump
Pressure Zone — 8 Entoto2 Pump
Pressure Zone — 9 MO3 Pump
Pressure Zone — 10 R2(1) Pump
Pressure Zone — 11 R2(1) Pump
Pressure Zone — 11 R1(1) Pump
Pressure Zone — 12 Entoto2 Pump
Pressure Zone — 12 Entotol Pump
Pressure Zone — 12 T™M1 Pump
Pressure Zone — 12 T™M2 Pump
Pressure Zone — 13 ME2 Pump
Pressure Zone — 13 ME1 Pump
Pressure Zone — 14 PMP-50 Pump
Pressure Zone — 14 PMP-48 Pump

Addis Ababa University Institute of Technology

Pagel124



Hydraulic Network Modeling of the Existing WatesBibution System of Addis Ababa City-(Legedadisigtem as a case study)

Using Controls-Closing &opening of valves that are control thetsysfrom entrance of
water from other sources & Check for intermittenfgly, operating the pumps for
different conditions.
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8 CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

For the existing situation of Addis Ababa watestdbution system, (Legedadi subsystem) the
following conclusions have been made from the aiglyesult and findings.

- There is insufficient availability of water in tisgstems.

- Unstructured network made of old pipes.

- Excessive and low service pressures are observed.

- Intermittent supply, which is directly connectedhe state of unavailability of water.

- No definite Pressure Zoning.

- The intermittent service is most of the water disttion systems of Addis Ababa.

- The intermittent supply affects the hydraulic periance of the network and exposes it
to high values of pressure and velocities; whidults adverse effect on the readings of
the customer water meters due to the pushed akedaa in the network.

- Original installation date missing for pipes andneénts of the system with no trace to
follow.

- Data base management problem-lacks integration.

In the modified system, the network runs for thevida Optimizer scenario for

the modified pressure zone, then the system hyidrpatameters are drastically
improved, therefore additional nodes and links argered in the required
allowable design criterion range especially for thiéical hydraulic parameters.
(Pressure & Velocity) (See table 7.1).
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8.2 Recommendations

This study has found out the very crucial findingsich are very important for the overall

operation of Addis Ababa water distribution systeRmnally, the researcher has tried to

recommend some of the very important issues so asgrove the hydraulic performance of the

water system.

1.

Improve database management:

It's highly advisable that developing a geo datalfas the whole system is an essential
action for the existing system. Because, Geograpifmrmation System is capable
enough to build a reasonable management plannidgedmabilitation plans for urban
water distribution networks. Hence, it is more adble that as the system hydraulic

operation is to be integrated with GIS application.

Accurate demand allocation for each nodes usingt@is. Using land use map of the
city (Cadastral map).

The existing demand of the city does not satisfeithe water production from the
sources is less in amount than the need of the-thiy system requires upgrading.
Additional sources with their acceptable hydragliaictures should be supplemented

to the system.

4. The system requires, rehabilitation, old pipes rmepthcement.

Under sized and over sized pipes should be re-sized

As we have observed the existing system is higlijyensive since about half of the
city population is satisfied from the pumping systeSource development should
consider the operation cost the distribution systénavity method is more advisable,
it reduces operation cost and system durabilitpc&i excessive pumping affect the
system hydraulic performance.

Some Pumps require capacity upgrading, becauseddeacity is clearly seen in the

tank filling situation in the tank level data.
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8. Nodes with zero flow (negatives) can also be mamapeough pumping to these
nodes from the nodes having sufficient flow.

9. Apply Physical loss (Leakage) reduction strategies.

10. More local studies are recommended. This is to ataled how the water systems in
our region perform under the local conditions oéi@gbion and management.

11.Install PRVs to overcome the problems of high press and Surge tanks & ARVs to
control Water Hammer Problem, especially at the ppuom stations (Pressurized
Lines).

12.Lowering of UFW.

13.Locate the fire protection nodes at the locatiomseglit satisfies the required pressure.

14.For transmission or gravity mains working at stgbiessures higher than pump
capacities or pipe pressure ratings, require bimassure tanks and/or additional
booster stations should be considered.

15. Consider the water demand for construction acisitionducted in the city.

16. The city should work on the water harvesting sgi&e at house hold level.

17.Reduce NRW supply.

18.Implementing water conservation strategies suchW&ser recycling strategies- Using
backwash water for different purpose, such asttdilshing, gardening, etc rather

using clean potable water.
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STEADY STATE SIMULATION (SSS)

Appendix A.1 Nodes Steady State Analysis Results at AverageDaayand

Flex Table: Junction Table

1D Label Ele(vr?)tlon Demand Pattern D(errr‘r;}asr)\d Hydratzlrlrc‘:)Grade Fn:e;zg)e
129 C1 2,410.00 Fixed 0.000 2,421.59 11.56
130 Cla 2,410.00 Fixed 0.000 2,421.58 11.56
131 J-4 2,410.00 Fixed 0.000 2,422.18 12.15
132 J-5 2,410.00 Fixed 0.000 2,422.05 12.02
133 J-6 2,400.00 Fixed 0.000 2,418.57 18.53
134 J-7 2,400.00 Fixed 0.000 2,418.49 18.46
135 L22 2,406.00 Fixed 0.013 2,406.71 0.71
136 L117 2,406.00 Fixed 0.000 2,406.65 0.65
137 L114 2,375.00 Fixed 0.006 2,400.94 25.89
138 L20 2,351.00 Fixed 0.057 2,399.63 48.53
139 L118 2,402.00 Fixed 0.000 2,475.89 73.75
140 L119 2,402.00 Fixed 0.000 2,406.46 4.45
141 L120 2,402.00 Fixed 0.000 2,475.89 73.75
142 L121 2,402.00 Fixed 0.000 2,475.89 73.74
143 L122 2,402.00 Fixed 0.000 2,406.46 4.45
144 L123 2,402.00 Fixed 0.000 2,406.46 4.45
145 L124 2,402.00 Fixed 0.000 2,406.15 4.14
146 L125 2,404.00 Fixed 0.000 2,406.56 2.55
147 L126 2,402.00 Fixed 0.000 2,406.34 4.34
148 L127 2,402.00 Fixed 0.000 2,485.45 83.28
149 L128 2,402.00 Fixed 0.000 2,406.20 4.19
150 L129 2,402.00 Fixed 0.000 2,485.45 83.28
151 L130 2,402.00 Fixed 0.000 2,485.31 83.14
152 J-131 2,427.00 Fixed 0.001 2,463.20 36.13
153 J-124 2,420.00 Fixed 0.022 2,458.28 38.20
154 J-27 2,400.00 Fixed 0.000 2,406.48 6.47
155 J-28 2,460.00 Fixed 0.000 2,465.97 5.96
156 J-29 2,460.00 Fixed 0.000 2,499.82 39.74
157 J-30 2,460.00 Fixed 0.000 2,499.92 39.84
158 J-31 2,460.00 Fixed 0.000 2,465.99 5.98
159 J-32 2,460.00 Fixed 0.000 2,465.98 5.97
160 J-33 2,460.00 Fixed 0.000 2,499.92 39.84
161 J-35 2,460.00 Fixed 0.000 2,466.01 6.00
162 J-36 2,460.00 Fixed 0.000 2,521.56 61.44
163 J-37 2,460.00 Fixed 0.000 2,466.04 6.03
164 J-38 2,460.00 Fixed 0.000 2,521.76 61.64
165 J-39 2,460.00 Fixed 0.000 2,466.03 6.02
166 J-40 2,460.00 Fixed 0.000 2,5633.48 73.33
167 J-41 2,460.00 Fixed 0.000 2,533.42 73.27
168 J-42 2,460.00 Fixed 0.000 2,466.05 6.03
169 J-43 2,460.00 Fixed 0.000 2,466.03 6.02
170 J-44 2,460.00 Fixed 0.000 2,533.48 73.33
171 J-45 2,507.00 Fixed 0.000 2,512.01 5.00
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172 J-46 2,507.00 Fixed 0.000 2,569.49 62.37
173 J-47 2,507.00 Fixed 0.000 2,512.09 5.08
174 J-48 2,507.00 Fixed 0.000 2,569.49 62.37
175 J-49 2,507.00 Fixed 0.000 2,511.88 4.87
176 J-50 2,507.00 Fixed 0.000 2,512.08 5.07
177 J-51 2,507.00 Fixed 0.000 2,579.05 71.90
178 J-52 2,507.00 Fixed 0.000 2,579.05 71.90
179 E15 2,564.00 Fixed 0.003 2,573.66 9.64
180 J-133 2,432.00 Fixed 0.001 2,464.94 32.88
181 J-132 2,433.00 Fixed 0.001 2,464.44 31.37
182 T7 2,473.00 Fixed 0.007 2,508.33 35.26
183 T12 2,512.00 Fixed 0.003 2,511.96 -0.04
184 T9 2,459.00 Fixed 0.008 2,507.97 48.87
185 SP15 2,490.00 Fixed 0.001 2,511.94 21.90
186 T13 2,510.00 Fixed 0.003 2,511.39 1.38
187 Tl 2,469.00 Fixed 0.005 2,507.49 38.42
188 B14 2,536.00 Fixed 0.048 2,547.59 11.57
189 J-63 2,560.00 Fixed 0.000 2,566.46 6.45
190 J-64 2,560.00 Fixed 0.000 2,565.81 5.79
191 J-65 2,560.00 Fixed 0.000 2,566.10 6.08
192 SP16 2,490.00 Fixed 0.001 2,547.36 57.24
193 J-67 2,560.00 Fixed 0.000 2,565.81 5.79
194 J-68 2,560.00 Fixed 0.000 2,657.77 97.58
195 L35 2,345.00 Fixed 0.001 2,374.21 29.16
196 SP17 2,476.00 Fixed 0.013 2,488.85 12.82
197 J-71 2,483.00 Fixed 0.000 2,654.67 171.32
198 J-72 2,483.00 Fixed 0.000 2,489.75 6.73
199 J-73 2,483.00 Fixed 0.000 2,489.75 6.73
200 J-74 2,483.00 Fixed 0.000 2,654.52 171.17
201 J-75 2,483.00 Fixed 0.000 2,489.80 6.79
202 J-76 2,483.00 Fixed 0.000 2,533.78 50.68
204 J-78 2,352.00 Fixed 0.000 2,373.92 21.88
205 J-79 2,340.00 Fixed 0.000 2,374.20 34.13
206 M23 2,352.00 Fixed 0.006 2,413.91 61.79
207 J-81 2,352.00 Fixed 0.000 2,413.91 61.79
208 J-82 2,352.00 Fixed 0.000 2,373.93 21.89
209 M18 2,345.00 Fixed 0.002 2,373.92 28.86
211 M19 2,345.00 Fixed 0.002 2,373.92 28.86
215 J-90 2,637.00 Fixed 0.000 2,640.86 3.85
216 E13 2,637.00 Fixed 0.003 2,688.22 51.11
217 J-92 2,682.00 Fixed 0.000 2,685.16 3.16
218 E14 2,682.00 Fixed 0.003 2,750.74 68.60
243 L37 2,349.00 Fixed 0.001 2,374.16 25.11
244 L112 2,350.00 Fixed 0.013 2,396.24 46.15
245 C45 2,350.00 Fixed 0.000 2,396.20 46.11
246 J-55 2,350.00 Fixed 0.000 2,435.43 85.26
247 J-118 2,423.00 Fixed 0.002 2,441.07 18.03
256 L28 2,325.00 Fixed 0.008 2,366.56 41.47
257 L116 2,332.00 Fixed 0.001 2,395.84 63.71
258 L46 2,335.00 Fixed 0.008 2,375.98 40.90
259 L36 2,336.00 Fixed 0.001 2,374.22 38.14
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260 L40 2,347.00 Fixed 0.005 2,374.13 27.08
261 L41 2,326.00 Fixed 0.010 2,374.07 47.97
262 L44 2,311.00 Fixed 0.005 2,371.93 60.81
263 L47 2,317.00 Fixed 0.261 2,366.73 49.63
265 L45 2,305.00 Fixed 0.055 2,366.29 61.17
267 L42 2,300.00 Fixed 0.005 2,372.14 72.00
269 L154 2,340.00 Fixed 0.001 2,374.20 34.13
270 L113 2,351.00 Fixed 0.002 2,373.68 22.63
271 L69 2,283.00 Fixed 0.003 2,366.58 83.41
276 L81 2,292.00 Fixed 0.002 2,365.08 72.93
277 L104 2,320.00 Fixed 0.002 2,361.98 41.90
278 L83 2,316.00 Fixed 0.025 2,362.66 46.56
279 J-70 2,352.00 Fixed 0.000 2,373.81 21.77
281 L27 2,339.00 Fixed 0.032 2,390.99 51.89
282 L24 2,351.00 Fixed 0.008 2,399.12 48.02
283 L70 2,280.00 Fixed 0.003 2,366.48 86.30
284 L19 2,327.00 Fixed 0.007 2,398.73 71.59
285 L18 2,332.00 Fixed 0.014 2,387.86 55.75
286 J-80 2,345.00 Fixed 0.000 2,396.97 51.86
287 L26 2,342.00 Fixed 0.017 2,391.24 49.14
296 L155 2,340.00 Fixed 0.001 2,374.20 34.14
297 L38 2,349.00 Fixed 0.004 2,374.14 25.09
298 L108 2,345.00 Fixed 0.001 2,374.20 29.14
332 J-138 2,390.00 Fixed 0.046 2,399.34 9.32
339 J-127 2,387.00 Fixed 0.170 2,441.70 54.59
340 J-123 2,376.00 Fixed 0.013 2,446.03 69.88
341 J-125 2,418.00 Fixed 0.100 2,438.00 19.96
342 J-126 2,418.00 Fixed 0.023 2,458.06 39.98
343 J-129 2,411.00 Fixed 0.008 2,461.02 49.92
344 J-122 2,386.00 Fixed 0.008 2,455.41 69.27
345 J-120 2,371.00 Fixed 0.006 2,455.75 84.58
346 J-121 2,366.00 Fixed 0.006 2,454.73 88.55
347 J-115 2,405.00 Fixed 0.005 2,459.74 54.63
348 J-130 2,425.00 Fixed 0.001 2,464.89 39.81
349 J-116 2,405.00 Fixed 0.002 2,462.01 56.89
350 J-117 2,406.00 Fixed 0.002 2,432.32 26.27
351 J-84 2,410.00 Fixed 0.000 2,441.91 31.85
352 J-134 2,411.00 Fixed 0.001 2,441.56 30.50
353 J-119 2,431.00 Fixed 0.002 2,449.37 18.33
354 T3 2,440.00 Fixed 0.012 2,446.29 6.28

355 T11 2,410.00 Fixed 0.008 2,461.01 50.91
356 T4 2,435.00 Fixed 0.006 2,463.31 28.25
357 T8 2,472.00 Fixed 0.007 2,508.26 36.19
358 T10 2,472.00 Fixed 0.005 2,508.26 36.19
359 T5 2,455.00 Fixed 0.005 2,507.82 52.71
360 T6 2,460.00 Fixed 0.006 2,497.25 37.17
361 IC5 2,437.00 Fixed 0.004 2,488.53 51.43
362 IC1 2,472.00 Fixed 0.004 2,488.67 16.64
363 IC2 2,463.00 Fixed 0.008 2,488.34 25.29
364 IC3 2,450.00 Fixed 0.018 2,488.12 38.04
365 IC4 2,432.00 Fixed 0.007 2,487.98 55.87
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366 IC6 2,465.00 Fixed 0.004 2,488.80 23.76
367 SP27 2,491.00 Fixed 0.000 2,490.05 -0.95
378 L23 2,352.00 Fixed 0.027 2,395.28 43.19
379 L160 2,334.00 Fixed 0.014 2,382.93 48.83
380 L16 2,327.00 Fixed 0.014 2,382.48 55.37
381 L13 2,387.00 Fixed 0.020 2,408.58 21.53
382 L8 2,340.00 Fixed 0.005 2,405.59 65.46
383 L9 2,332.00 Fixed 0.006 2,404.91 72.77
384 L7 2,363.00 Fixed 0.005 2,405.21 42.13
385 L11 2,382.00 Fixed 0.041 2,410.11 28.05
386 L5 2,362.00 Fixed 0.005 2,407.39 45.30
387 L6 2,365.00 Fixed 0.005 2,407.33 42.24
388 L3 2,360.00 Fixed 0.013 2,402.47 42.38
389 L4 2,360.00 Fixed 0.011 2,402.42 42.33
390 L10 2,392.00 Fixed 0.015 2,409.94 17.91
397 T19 2,430.00 Fixed 0.006 2,464.46 34.39
398 RK22 2,431.00 Fixed 0.015 2,466.78 35.71
403 J-144 2,364.00 Fixed 0.025 2,420.01 55.90
405 RK7 2,511.00 Fixed 0.001 2,647.87 136.59
412 G4 2,351.00 Fixed 0.007 2,411.72 60.59
413 L156 2,347.00 Fixed 0.001 2,374.17 27.11
421 J-87 2,404.00 Fixed 0.000 2,406.22 2.22
422 L31 2,320.00 Fixed 0.007 2,365.01 44.92
424 SP26 2,493.00 Fixed 0.005 2,631.67 138.40
425 RK20 2,500.00 Fixed 0.002 2,532.95 32.88
426 RK15 2,522.00 Fixed 0.001 2,536.27 14.24
427 J-143 2,423.00 Fixed 0.005 2,438.58 15.55
428 J-112 2,346.00 Fixed 0.013 2,450.20 103.99
431 B9 2,582.00 Fixed 0.003 2,634.72 52.62
435 L2 2,360.00 Fixed 0.017 2,399.39 39.31
438 J-106 2,355.00 Fixed 0.014 2,422.18 67.05
440 El 2,734.00 Fixed 0.003 2,745.40 11.38
441 L30 2,320.00 Fixed 0.007 2,365.58 45.48
443 E4 2,635.00 Fixed 0.014 2,636.49 1.48
444 L33 2,325.00 Fixed 0.007 2,398.26 73.12
445 J-128 2,385.00 Fixed 0.012 2,389.47 4.46
447 B4 2,593.00 Fixed 0.024 2,618.40 25.35
448 J-109 2,385.00 Fixed 0.004 2,433.23 48.13
452 E3 2,673.00 Fixed 0.004 2,684.40 11.38
453 L105 2,308.00 Fixed 0.011 2,359.55 51.45
458 J-141 2,432.00 Fixed 0.002 2,464.89 32.82
459 L29 2,317.00 Fixed 0.007 2,364.08 46.98
463 RK21 2,490.00 Fixed 0.008 2,532.20 4211
464 J-108 2,353.00 Fixed 0.002 2,402.97 49.87
467 J-110 2,417.00 Fixed 0.008 2,435.88 18.84
469 E2 2,708.00 Fixed 0.001 2,744.26 36.18
470 B7 2,631.00 Fixed 0.002 2,635.89 4.88
478 RK8 2,538.00 Fixed 0.001 2,644.52 106.30
479 L15 2,360.00 Fixed 0.009 2,401.75 41.67
485 El16 2,547.00 Fixed 0.005 2,563.89 16.86
488 B8 2,636.00 Fixed 0.002 2,743.82 107.60

Addis Ababa University Institute of Technology

Page5



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

490 RK14 2,523.00 Fixed 0.001 2,538.37 15.33
493 L79 2,292.00 Fixed 0.005 2,363.43 71.29
495 RK10 2,553.00 Fixed 0.001 2,655.11 101.91
501 L1 2,356.00 Fixed 0.014 2,389.69 33.62
504 J-142 2,424.00 Fixed 0.005 2,438.16 14.13
505 L109 2,345.00 Fixed 0.001 2,418.96 73.81
506 J-107 2,379.00 Fixed 0.029 2,402.72 23.67
507 B11 2,610.00 Fixed 0.003 2,607.78 -2.22
509 G2 2,343.00 Fixed 0.031 2,405.66 62.54
522 B10 2,600.00 Fixed 0.043 2,607.82 7.81
524 J-86 2,434.00 Fixed 0.000 2,437.61 3.60
528 J-91 2,360.00 Fixed 0.000 2,400.09 40.01
543 J-113 2,403.00 Fixed 0.006 2,456.79 53.68
547 Gl 2,364.00 Fixed 0.015 2,419.16 55.05
550 Bl 2,706.00 Fixed 0.007 2,724.04 18.00
5562 RK9 2,588.00 Fixed 0.004 2,644.63 56.52
554 J-137 2,390.00 Fixed 0.001 2,441.91 5181
559 L32 2,325.00 Fixed 0.007 2,398.52 73.37
562 RK13 2,520.00 Fixed 0.004 2,532.56 12.53
565 J-105 2,358.00 Fixed 0.016 2,422.52 64.39
566 J-111 2,397.00 Fixed 0.005 2,437.77 40.69
567 J-135 2,390.00 Fixed 0.001 2,441.88 51.77
568 J-136 2,390.00 Fixed 0.001 2,444.67 54.56
569 J-114 2,417.00 Fixed 0.005 2,424.55 7.54
570 L157 2,339.00 Fixed 0.004 2,373.74 34.67
571 L153 2,345.00 Fixed 0.001 2,374.17 29.11
572 L34 2,345.00 Fixed 0.001 2,374.21 29.15
573 L43 2,303.00 Fixed 0.005 2,372.14 69.00
574 L82 2,311.00 Fixed 0.005 2,368.23 57.12
576 L84 2,321.00 Fixed 0.005 2,362.31 41.23
586 SP12 2,463.00 Fixed 0.003 2,533.77 70.63
589 IC7 2,441.00 Fixed 0.008 2,437.60 -3.39
590 L115 2,370.00 Fixed 0.006 2,400.09 30.03
591 L14 2,377.00 Fixed 0.009 2,404.15 27.10
592 L12 2,385.00 Fixed 0.040 2,409.22 24.18
611 B13 2,595.00 Fixed 0.004 2,621.45 26.40
612 J-139 2,373.00 Fixed 0.013 2,438.51 65.38
613 J-140 2,365.00 Fixed 0.009 2,439.42 74.27
614 G3 2,358.00 Fixed 0.022 2,425.36 67.23
615 G5 2,367.00 Fixed 0.015 2,412.33 45.24
616 G6 2,402.00 Fixed 0.006 2,416.63 14.60
617 T15 2,497.00 Fixed 0.011 2,507.80 10.78
618 T14 2,492.00 Fixed 0.011 2,509.98 17.94
619 T16 2,447.00 Fixed 0.012 2,498.34 51.24
620 T17 2,454.00 Fixed 0.012 2,465.45 11.43
621 T18 2,459.00 Fixed 0.005 2,507.99 48.89
625 L110 2,306.00 Fixed 0.006 2,366.65 60.53
626 L111 2,324.00 Fixed 0.006 2,366.58 42.50
629 E12 2,560.00 Fixed 0.006 2,564.37 4.36
632 J-101 2,545.00 Fixed 0.000 2,694.59 149.29
634 J-104 2,615.00 Fixed 0.000 2,616.04 1.04
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Figure B.1 Pressure Map of Nodes for A Day Demand, Steady State Anal'
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Appendix A.2 Links Steady State Analysis Results at Average Dayand

Length - Diamet Hazen- Has Flow Velocit | Head loss

ID Label (Scaled) No?jr; Stop Node er Material | Wiliams | Check y Gradient
(m) (mm) c Valve? | (m3/s) (m/s) (m/m)

730 P-2 2502 | ASADA Cla 900 Steel 115 | FALSE 0501 0.7 0.001
731 P-3 49 Cla c1 700|  Steel 100| FALSE 0137 036 0
732 P-4 2,238 'Eﬁﬁﬁﬁ 34 1400 |  Steel 110 | FALSE 1499  0.97 0.001
733 P-5 70 4 ST2 1200  Stee 100|  FALSE 0 o 0
734 P-6 75 sT2 15 1200  Stee 100|  FALSE 0 0 0
735 P-7 200 35 c1 1400,  Stee 100 FALSE  14d9 067 0.001
736 P-8 225 35 4 1000  Stee 100 FALBE 1499 115 0.004
737 P-9 78 ST3 6 12000  Stee 100|  FALSE  -1.054 083 0.001
738 | P-10 1,892 16 c1 120  Stee 1000 FALSE -13p2 2 1 0.002
739 | P-11 1,912 Cla 36 900  Sted] 1000 FALBE 0639 1 0.002
740 | P12 88 ST3 37 1200  DClI 100| FALSE o085 046 .00D
741 | P13 7,581 37 L22 1200  Stee 100 FALBE 1211 071| o001
742 | P14 156 L22 TR2 900|  Steel 100| FALSE 1333 21l 0.006
743 | P15 49 L22 ST4 1200  Steel 100|  FAL$E 0 0 0
744 | P-16 279 37 16 100§  Stee 100 FALBE 0947 211] 0.002
745 | P17 162 L22 TRL 900|  Steel 100| FALSE 0258 041 O
746 | P-19 51 TR1 L117 1000  Steel 100| FALSE 0745 209 0.001
747 | P2t 148 L114 AN 600 |  Steel 100| FALSE 0 0 0
748 | P22 1,585 L114 L20 600 DI 100 | FALSE 015 056 0.001
749 | P26 19 L119 TR3 600|  Steel 100|  FALSE 0 0 0
750 | P27 18 TR3 L118 500|  Steel 100|  FALSE 0 0
751 | P28 24 L118 L120 900 DI 100 | FALSE 0 0 0
752 | P29 18 L120 L121 900 DI 100 | FALSE 035 056  ooQ.
753 | P-30 7,550 L121 JanMeda 90 DI 120  FALSE 0699 1.1 0.001
754 | P31 25 L119 L122 1000  Steel 100|  FALSE 0 0 0
755 | P32 22 L122 L123 1000  Steel 100 FALSE 036 450. 0
756 | P-34 19 L122 TR2 600|  Steel 100| FALSE 0.3 124 0.004
757 | P36 19 TR2 L120 500|  Steel 100| FALSE 0.3 1.78 0.009
758 | P35 18 L123 TP1 500|  Steel 100| FAL$E 0349 1.8 0.009
750 | P37 20 TP1 L121 500|  Steel 100| FALSE 0349 1.8 0.009
760 | P-38 81 TR2 L125 150|  Steel 100| FALSE 0005 702 0.001
761 | P-40 24 TR1 L125 500|  Steel 100| FALSE 0285 145 0.006
762 | P-39 39 L125 L126 500|  Steel 100| FALSE 0268 613 0.005
763 | P-4l 27 L126 L128 500|  Steel 100| FALSE 0268 613 0.005
764 | P-43 32 L128 L124 500|  Steel 100| FALSE 0134 806 0.001
765 | P-46 25 L126 TR6 150|  Steel 100|  FALSE 0 0 0
766 | P-47 23 TR6 L127 150|  Steel 100|  FALSE 0
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767 P-48 24 L128 TRS5 300 Steel 100 FALSE 0.134 1.89 0.018
768 P-49 24 TR5 L129 300 Steel 100 FALSE 0.134 1.89 0.018
769 P-50 21 L124 TR4 300 Steel 100 FALSE 0.134 1.9 0.018
770 P-51 26 TR4 L130 300 Steel 100 FALSE 0.134 1.9 0.018
771 P-52 30 L127 L129 400 DI 100 FALSE 0 0 0
772 P-53 33 L129 L130 400 DI 100 FALSE 0.134 1.06 .00@
773 P-56 81 L123 J-27 1000 Stee 100 FALSE -0.699 890 0.001
774 P-57 60 J-27 TR2 1000 Stee 100 FALSE -0.745 950. 0.001
775 P-58 71 J-27 L117 1000 Stee 100 FALSE 0 0

776 P-62 12 J-31 JM3 300 Stee 100 FALSE 0 0

77 P-63 14 JM3 J-30 250 Stee 100 FALSE 0 0

778 P-65 13 J-31 J-32 600 Stee 100 FALSE 0.177 306 0.001
779 P-66 13 J-32 J-28 600 Stee 100 FALBE 0.089 10 0
780 P-67 12 J-29 J-33 300 Stee 100 FALBE -0.088 25 1. 0.008
781 P-68 12 J-33 J-30 300 Stee 100 FALBE 0 q

782 P-69 12 J-32 JM4 300 Stee 100 FALSE 0.088 1.25 0.008
783 P-70 14 JM4 J-33 250 Stee 100 FALSE 0.088 118 0.02
784 P-71 13 J-28 JM5 300 Stee 100 FALSE 0.089 1.26 0.008
785 P-72 14 JM5 J-29 250 Stee 100 FALSE 0.089 1.81 0.02
786 P-75 16 J-35 J-31 600 Stee 100 FALSE 0.177 306 0.001
787 P-77 20 Jan Med4 J-37 600 Steel 10d FALSE 0.331.14 0.003
788 P-78 16 J-37 J-35 600 Stee 100 FALSE 0.251 9 08 0.002
789 P-80 14 J-38 J-36 250 Stee 100 FALSE 0.073 814 0.014
790 P-79 13 J-37 M1 300 Stee 100 FALSE 0.073 1.03 0.006
791 P-81 15 JM1 J-38 250 Stee 100 FALSE 0.073 1.48 0.014
792 P-82 13 J-35 M2 300 Stee 100 FALSE 0.073 1.04 0.006
793 P-83 14 JM2 J-36 250 Stee 100 FALSE 0.073 1.49 0.014
794 P-84 1,782 J-36 ™ 400 DI 100 FALSE 0.144 1.16 0.005
795 P-88 23 Jan Med3 J-42 350 Steel 10d FALSE 0.067 0.7 0.002
796 P-89 17 J-42 J-43 350 Stee 100 FALSE 0.034 503 0.001
797 P-91 20 J-43 J-39 350 Stee 100 FALSE 0 q

798 P-92 20 J-40 J-44 250 Stee 100 FALSE 0 q

799 P-93 18 J-44 J-41 250 Stee 100 FALBE 0.034 80p 0.003
800 P-95 12 J-39 JM9 200 Stee 100 FALSE 0

801 P-96 15 JM9 J-40 150 Stee 100 FALSE 0 0

802 P-97 13 J-43 JM8 200 Stee 100 FALSE 0.034 1.07 0.01
803 P-98 14 JM8 J-44 150 Stee 100 FALSE 0.034 1/9 0.041
804 P-99 13 J-42 JM7 200 Stee 100 FALSE 0.034 1.07 0.01
805 P-100 13 JM7 J-41 150 Stee 100 FALSE 0.034 119 0.041
806 P-101 1,730 J-41 ™ 250 DI 100 FALSE 0.067 1.37 0.012
807 P-102 85 ™ J-47 400 Steel 100 FALSE 0.096 0.77 0.002
808 P-103 34 J-47 J-45 400 Stee| 100 FALSE 0.096 77 0. 0.002
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809 P-104 15 J-46 ™2 300 Steel 100 FALSE 0

810 P-106 16 ™2 J-47 350 Steel 100 FALSE 0 0 0
811 P-105 14 J-45 ™1 350 Steel 100 FALSE 0.096 1 .00®
812 P-107 15 ™M1 J-48 300 Steel 100 FALSE 0.096 61 0.01
813 P-108 34 J-46 J-48 400 DI 100 FALSE 0 0 0
814 P-109 1,246 J-48 EN 400 DI 100 FALSE 0.096 0.77 0.002
815 P-110 43 ™ J-50 200 Steel 100 FALSE 0.028 0.74 0.005
816 P-111 40 J-50 J-49 200 Stee| 100 FALSE 0.023 74 0. 0.005
817 P-113 38 J-52 J-51 150 Stee| 100 FALSE 0 a 0
818 P-115 12 J-50 T™M4 150 Steel 100 FALSE 0

819 P-116 12 T™M4 J-52 125 Steel 100 FALSE 0

820 P-117 13 J-49 T™M3 150 Steel 100 FALSE 0.023 21. 0.021
821 P-118 13 T™M3 J-51 125 Steel 100 FALSE 0.023 1) 0.05
822 P-119 1,056 J-51 E15 200 DI 100 FALSE 0.023 40.T 0.005
823 P-120 1,435 E15 RK 150 DI 100 FALSE 0.021 1.17 0.016
824 P-122 1,075 Jan Meda J-132 350 DI 100 FALUSE 540.0f 0.56 0.002
825 P-123 59 ™ T12 400 DI 100 FALSE 0.154 12 08.0
826 P-126 2,450 T12 SP15 250 DI 100 FALSE 0.001 30. 0
827 P-127 135 T12 T13 400 DI 100 FALSE 0.132 10 .009
828 P-130 25 EN J-63 400 DI 100 FALSE 0.073 0.5 00D.
829 P-131 1,885 J-63 B14 200 DI 100 FALSE 0.034 71.Q 0.01
830 P-132 27 J-63 J-65 200 Stee| 100 FALSE 0.04 6 1. 0.014
831 P-135 2,035 B14 SP16 150 DI 100 FALSE 0.001 8 0. 0
832 P-136 22 J-65 J-67 150 Stee| 100 FALSE 0.018 04 1. 0.013
833 P-137 20 J-67 J-64 150 Stee| 100 FALSE 0 a 0
834 P-139 1,259 J-68 R1 150 DI 100 FALSE 0.018 1.04 0.013
835 P-140 18 J-67 Entotol 150 Steell 100 FALSE 0.018 1.04 0.013
836 P-141 16 Entotol J-68 125 Steell 100 FALSE 0.018 15 0.032
837 P-142 19 J-64 Entoto2 150 Steel 100 FALSE 0 q 0
838 P-143 33 Entoto2 J-68 125 DI 100 FALSE 0 0 0
839 P-145 556 MO SP17 350 DI 100 FALSE 0.05y 0.5 .00D
840 P-146 38 MO J-72 400 Steel 100 FALSE 0.071 0.57 0.001
841 P-148 27 J-72 J-73 300 Stee| 100 FALSE 0 a 0
842 P-150 26 J-71 J-74 300 Stee| 100 FALSE 0.071 01 1. 0.006
843 P-151 12 J-72 MO1 300 Stee 100 FALSE 0.071 11. 0.006
844 P-152 12 MO1 J-71 250 Stee 100 FALSE 0.071 51. 0.014
845 P-153 12 J-73 MO2 300 Stee 100 FALSE 0 0

846 P-154 11 MO2 J-74 250 Stee 100 FALSE 0 0

847 P-155 3,031 J-74 T-14 300 DI 100 FALSE 0.071  011. 0.006
848 P-156 53 MO J-75 300 DCI 100 FALSE 0.003 0.0 0
849 P-157 14 J-75 MO3 300 Stee 100 FALSE 0.043 40.

850 P-158 13 MO3 J-76 250 Stee 100 FALSE 0.003 6 0.
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851 P-160 1,142 L35 J-79 600 DI 100 FALSE 0.01p 50.4 0
852 P-162 43 M23 J-81 250 Stee 100 FALSE 0 0 0
853 P-161 991 J-79 J-82 500 DI 100 FALSE 0.058 27

854 P-163 45 J-82 J-78 500 DI 100 FALSE 0.058 0. 0

855 P-164 18 J-81 ME2 300 Stee 120 FALSE 0 0 0
856 P-165 16 ME2 J-82 400 Stee 120 FALSE 0 0 0
857 P-169 20 J-78 ME1 400 Stee 120 FALSE 0.0d6 40.0 0
858 P-170 18 ME1 M23 300 Steel 100 FALSE 0.00p 0.08

860 P-174 734 M19 J-78 600 DI 110 FALSE -0.002 0.01 0

869 P-184 32 R1 J-90 150 DCI 100 FALSE 0.01 057 0040.
870 P-185 14 J-90 R1(1) 125 Stee 100 FALBE o.op 820. 0.011
871 P-186 17 R1(1) E13 100 Stee 100 FALSE 0.0 912 0.032
872 P-187 410 E13 R2 125 DI 90 FALSE 0.007 0.58 0D.0
873 P-188 22 R2 J-92 100 DCI 100 FALSE 0.006 0.72 .01D
874 P-190 474 E14 R3 100 Gl 90 FALSE 0.008 0.38 04.0
875 P-189 16 J-92 R2(1) 100 Stee 100 FALSE 0.006 .720 0.011
876 P-191 16 R2(1) E14 80 Stee 100 FALSE 0.0d6 311 0.032
913 P-250 16 L112 C45 300 Stee 100 FALSE 0.048 80.6 0.003
914 P-251 16 C45 UR1 250 Stee 100 FALSE 0.048 0.98 0.007
915 P-252 20 UR1 J-55 200 Stee 100 FALSE 0.048 31p 0.019
935 P-287 457 L112 L116 900 Stee 90 FALSE 0.428 670. 0.001
936 P-289 1,331 L116 L46 450 DI 90 FALSE 0.317 1.99 0.015
937 P-288 588 L116 L36 250 Steel 90 FALSE 0.11 2.24 0.037
938 P-290 212 L36 L35 900 Steel 100 FALSE 0.037 60. 0
939 P-293 1,064 L40 L41 400 DI 110 FALSE 0.01 0.12 0

940 P-294 2,499 L37 L44 300 DI 110 FALSE 0.029 0.41 0.001
941 P-296 740 L47 L46 450 DI 90 FALSE -0.28 181 .01G
942 P-299 562 L44 L45 200 DI 90 FALSE 0.03 0.96 10.0
944 P-301 461 L44 L42 200 DI 90 FALSE -0.006 0.18 0
946 P-305 626 L154 J-79 300 DI 100 FALSE 0 0.0n 0
947 P-306 1,009 J-79 L113 300 DI 100 FALSE 0.0% 80.2 0.001
948 P-307 2,859 L113 L69 300 DI 100 FALSE 0.046 50.4g 0.002
953 P-316 704 L81 L83 250 DI 110 FALSE 0.037 0.76  .008
954 P-317 941 L83 L104 250 DI 90 FALSE 0.013 0.2f  .00Q
955 P-318 57 L113 J-70 300 DI 100 FALSE -0.045 0.3 0.002
956 P-319 47 J-70 J-78 300 DI 100 FALSE -0.045 0.63 0.002
957 P-320 872 L104 J-70 300 DI 100 FALSE 0 0 0
959 P-323 2,008 L112 L27 250 DI 110 FALSE 0.032 60.4 0.003
960 P-324 800 L20 L24 200 DI 110 FALSE 0.00¢ 0.27  .00Q
961 P-325 54 L69 L70 300 DI 110 FALSE 0.043 0.6 ooa.
962 P-326 885 L70 L81 300 DI 110 FALSE 0.04 0.5 ooa.
964 P-328 771 L20 L19 400 DI 100 FALSE 0.0645 0.5p  .00Q
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965 P-330 819 L19 L18 200 DI 110 FALSE 0.043 137 .016
966 P-332 563 J-80 L112 900 Stee| 90 FALSE 0522 820. 0.001
967 P-333 2,077 J-80 L26 200 DI 100 FALSE 0.01f 30.5 0.003
977 P-344 456 L35 L155 400 DI 100 FALSE 0.008 0.06 0
978 P-345 127 L155 L154 400 DI 100 FALSE 0.003 0.03 0
979 P-346 616 L37 L38 600 DI 110 FALSE 0.031 0.1 0
980 P-347 388 L38 L40 600 DI 110 FALSE 0.02 0.0y 0
981 P-348 407 L155 L38 200 DI 110 FALSE 0.004 0.13 0
982 P-350 796 L154 L108 300 Stee 90 FALS$E 0.001 020. 0
1014 P-428 100 J-27 J-138 150 DI 100 FALSE 0.046 58 2. 0.071
1027 P-460 2,732 L130 J-127 400 DI 100 FALSE 0.268 2.13 0.016
1028 P-461 1,458 J-127 J-125 40( DI 90 FALSE 0.089 0.71 0.003
1029 P-463 27 J-125 J-126 400 DI 100 FALSE 0 0 0
1030 P-464 556 J-126 J-124 35(Q DI 90 FALSE -0.023 .240 0
1031 P-465 1,365 J-125 J-123 15( DI 90 FALSE -0.011 0.6 0.006
1032 P-466 1,165 J-123 J-124 15( DI 100 FALSE ®.01 0.92 0.011
1033 P-467 1,370 J-124 J-129 35( DI 100 FALSE D.06 0.64 0.002
1034 P-468 689 J-129 J-131 35(Q DI 100 FALSE -0.079 0.82 0.003
1035 P-469 1,107 J-129 J-122 15( DI 90 FALSE 0.0L .560 0.005
1036 P-470 473 J-122 J-123 150 DI 90 FALSE 0.021 161. 0.02
1037 P-471 478 J-122 J-120 250 DI 100 FALSE -0.015 0.3 0.001
1038 P-472 654 J-120 J-121 150 DI 100 FALSE 0.006 .330 0.002
1039 P-473 860 J-120 J-115 300 DI 90 FALSE -0.0%8 .820 0.005
1040 P-474 629 J-115 J-116 500 DI 100 FALSE -0.216 1.1 0.004
1041 P-475 783 J-116 J-130 50(Q DI 100 FALSE -0.218 1.11 0.004
1042 P-476 393 J-118 J-117 200 Stesl 100 FAUSE 20.0p 1.65 0.022
1043 P-478 11 J-116 J-117 200 DI 100 FALSE 0 0 0
1044 P-479 143 J-130 J-133 80(Q DI 100 FALSE -0.221 0.44 0
1045 P-480 44 J-133 J-132 350 DI 100 FALSE 0.158 641. 0.011
1046 P-481 63 J-132 J-131 350 DI 100 FALSE 0.21 921 0.02
1047 P-483 526 J-118 J-134 150 Stesl 90 FALSE 40.00 0.22 0.001
1048 P-485 667 J-131 J-119 300 DI 90 FALSE 0.18 41. 0.021
1049 P-487 1,366 J-119 T3 200 DI 80 FALSE 0.01p 80.3 0.002
1050 P-488 407 J-119 J-118 200 DI 100 FALSE 0.049 571 0.02
1051 P-490 1,287 T9 T8 250 DI 90 FALSE -0.00f 0.14 0
1052 P-491 1,223 T12 T10 200 DI 100 FALSE 0.01B 60.5 0.003
1053 P-493 960 T8 T10 150 DI 80 FALSE 0 0.01 0
1054 P-494 260 T10 T5 150 DI 90 FALSE 0.00% 0.31 00D.
1055 P-495 84 T8 T7 250 DI 90 FALSE -0.014 0.2p 00.0
1056 P-496 865 T7 T1 250 DI 90 FALSE 0.015 0.3 00.0
1057 P-499 1,131 T1 T6 150 DI 90 FALSE 0.01 0.76 .009
1058 P-500 761 T6 T7 250 DI 90 FALSE -0.06y7 1.36 018.
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1059 P-501 530 IC5 IC1 200 DI 80 FALSE -0.004 0.1p 0
1060 P-502 166 IC1 SP17 350 DI 90 FALSE -0.04 0.41 0.001
1061 P-503 359 IC1 IC2 350 DI 80 FALSE 0.033 0.34  .00Q
1062 P-504 234 IC2 IC3 300 DI 90 FALSE 0.025 0.35 .00Q
1063 P-505 204 IC3 IC4 200 DI 90 FALSE 0.007 0.2  .00Q
1064 P-506 213 SP17 I1C6 200 DI 90 FALSE 0.00¢ 012 O
1065 P-507 1,642 T6 SP27 500 DI 100 FALSE 0.24 1.22 0.004
1066 P-508 57 SP27 MO 500 DI 100 FALSE 0.24 122  0049.
1076 P-524 637 L20 L23 200 DI 100 FALSE 0.027 0.87 0.007
1077 P-525 483 L18 L160 150 DI 90 FALSE 0.014 0.81 0.01
1078 P-526 640 L18 L16 150 DI 100 FALSE 0.014 0.81 0.008
1079 P-528 2,122 L13 L22 900 Stee 94 FALSE 0.393 .620 0.001
1080 P-529 1,551 L13 L8 200 DI 120 FALSE 0.017 0.53 0.002
1081 P-530 646 L8 L9 150 PVvC 120 FALSE 0.006 0.32 .00D
1082 P-531 376 L8 L7 150 PVvC 120 FALSE 0.00% 0.31 .00D
1083 P-532 4,151 J-7 L11 900 Stee) 90 FALSE 0592 930 0.002
1084 P-534 1,210 L11 L5 350 DI 100 FALSE 0.06 0.68 0.002
1085 P-535 757 L5 L6 250 PVvC 120 FALSE 0.00% 0.11

1086 P-536 839 L5 L3 250 PVvC 120 FALSE 0.054 1.11  .006
1087 P-537 173 L3 L4 250 PVvC 120 FALSE 0.011 0.22

1088 P-538 1,085 L11 L10 350 DI 100 FALSE 0.01% 60.1 0
1100 P-554 1,097 T11 T19 150 DI 100 FALSE -0.008  480. 0.003
1101 P-555 717 T19 T4 150 DI 100 FALSE 0.006 0.33 .00
1102 P-556 30 J-133 T19 150 DI 100 FALSE 0.07 1.14 0.016
1108 P-666 864 J-110 J-109 150 DI 90 FALSE 0.047 420. 0.003
1115 P-852 226 L31 L30 150 DI 100 FALSE -0.00f 0.42 0.002
1116 P-654 373 RK7 RK10 50 PVvC 110 FALSE -0.001 0.y 0.019
1128 P-585 2,910 B7 SP26 150 Gl 90 FALSE 0.005 0.28 0.001
1134 P-673 618 J-107 J-106 150 Gl 80 FALSE -0.023 .331 0.032
1139 P-831 177 RK15 RK14 100 Gl 90 FALSE -0.005 80.4 0.012
1142 P-583 730 B10 B9 110 PVvC 110 FALSE 0 0 0
1144 P-634 154 J-142 J-143 400 Steg 80 FALSE 20.08 0.66 0.003
1148 P-671 1,195 J-143 J-108 20( PV(Q 110 FAUSE M™.0p 2.12 0.03
1149 P-660 701 RK8 RK7 50 PVvC 110 FALSE -0.001 0.33 0.005
1153 P-658 812 RK9 RK8 50 PVC 110 FALSE 0 0.0p 0
1164 P-685 98 Gl J-144 150 Stee| 80 FALSE -0.012 66 0. 0.009
1165 P-672 404 J-108 J-107 150 DI 90 FALSE 0.003 180. 0.001
1171 P-830 377 RK20 RK15 100 Gl 90 FALSE -0.005 80. 0.009
1173 P-576 1,649 B8 B1 100 PVvC 110 FALSE 0.007 0.84 0.012
1175 P-854 247 L30 L29 125 Gl 100 FALSE 0.007 0.61 0.006
1177 P-678 938 J-112 J-113 350 DI 90 FALSE -0.109 .131 0.007
1183 P-849 420 L33 L32 200 DI 100 FALSE -0.00f 0.24 0.001
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1184 P-686 1,044 J-144 L109 100 Gl 90 FALSE 0.0q1 .180 0.001
1195 P-758 470 L1 L2 125 DI 100 FALSE -0.014 118 .020
1198 P-677 900 J-106 J-112 300 DI 90 FALSE 0 0

1199 P-584 405 B10 B11 200 DI 90 FALSE 0.003 0.08

1202 P-703 384 J-143 J-84 400 Steel 80 FALSE -0.154 1.23 0.009
1203 P-704 455 J-84 J-137 500 DI 90 FALSE 0.007 40. 0
1205 P-706 281 R3 E2 50 PVvC 110 FALSE 0.001L 0.64 01@.
1206 P-708 157 E3 R2 100 DI 90 FALSE -0.00¢4 0.49 006.
1207 P-710 90 R1 E4 100 PVvC 110 FALSE 0.014 1.82 05 0.
1208 P-711 262 El R3 75 Gl 90 FALSE -0.008 0.4 9.01
1209 P-712 293 EN E16 100 Gl 90 FALSE 0.00% 0.58 009.
1210 P-718 358 RK10 RK9 75 Gl 90 FALSE 0.004 093 .029
1211 P-713 769 RK RK14 100 Gl 90 FALSE 0.00¢ 0.78 .01
1212 P-716 1,101 RK21 RK13 150 DI 90 FALSE -0.002 .130 0
1213 P-717 1,945 RK13 RK22 150 DI 50 FALSE 0.015  860. 0.034
1214 P-719 307 RK RK13 250 DI 15 FALSE 0.023 0.47  .050
1215 P-720 1,122 RK13 RK21 150 DI 90 FALSE 0.002  130. 0
1216 P-721 180 RK20 RK21 100 Gl 90 FALSE 0.008 0.39 0.004
1217 P-722 62 B7 T-14 250 DI 80 FALSE -0.084 1.1 028.
1218 P-723 659 B7 B9 125 Gl 90 FALSE 0.00 0.28 0.0
1237 P-749 482 J-142 J-86 400 Steel 80 FALSE 0.052 0.41 0.001
1238 P-750 580 J-86 J-110 200 DI 90 FALSE 0.016 055 0.003
1239 P-751 611 J-86 J-110 250 DI 90 FALSE 0.028 605 0.003
1240 P-752 904 J-110 J-109 250 DI 90 FALSE 0.028 570. 0.003
1241 P-753 1,101 J-109 J-105 25( DI 90 FALSE 0.054 1.09 0.01
1242 P-754 165 J-105 J-106 300 DI 90 FALSE 0.037 530. 0.002
1243 P-755 833 J-108 J-79 200 DI 90 FALSE 0.059 81. 0.035
1244 P-756 899 J-108 J-107 150 DI 90 FALSE 0.002 120. 0
1245 P-757 361 J-142 J-111 3004 DI 90 FALSE 0.026 370. 0.001
1246 P-759 838 J-111 J-109 200 DI 90 FALSE 0.032 690. 0.005
1247 P-760 1,487 J-84 J-112 350 DI 90 FALSE -0.096 1 0.006
1248 P-761 461 J-84 J-135 150 Steel 90 FALSE 0.0p1 0.06 0
1249 P-764 195 J-135 J-134 150 Stesl 90 FALSE 0.0p5 0.3 0.002
1250 P-769 898 J-141 J-137 50(Q DI 90 FALSE 0 0 0
1251 P-770 18 J-137 J-135 150 DI 90 FALSE 0.006 20. 0.002
1252 P-771 766 J-119 J-136 300 DI 90 FALSE 0.047 950. 0.006
1253 P-773 468 J-136 J-84 300 DI 90 FALSE 0.066 409 0.006
1254 P-775 21 J-135 J-136 150 DI 90 FALSE 0 0 0
1255 P-778 378 J-117 J-114 200 Stesl 100 FALSE 0.05 1.58 0.021
1256 P-781 108 J-114 PG 200 Stesll 100 FALSE 0.0y3 .32 2 0.042
1257 P-783 1,063 J-114 J-120 15( DI 100 FALSE ®.02 16 0.029
1258 P-784 490 J-120 J-122 150 DI 100 FALSE 0.004 210 0.001
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1259 P-785 716 J-144 J-113 150 DI 100 FALSE -0.038 2.16 0.051
1260 P-786 521 J-113 J-115 400 DI 100 FALSE -0.153 1.22 0.006
1261 P-787 377 G2 Gl 150 DI 100 FALSE -0.031 1.78 .03®
1262 P-804 942 PG Gl 200 DI 100 FALSE 0.00P 0.29 00D.
1263 P-806 378 L38 L157 200 DI 110 FALSE 0.011 0.35 0.001
1264 P-807 1,877 L157 L42 200 DI 110 FALSE 0.01 10.3 0.001
1265 P-808 829 L157 L37 150 Stee 80 FALSE -0.003 .140 0.001
1266 P-805 290 L36 L153 600 DI 110 FALSE 0.071 0.25 0
1267 P-809 84 L153 L37 600 DI 110 FALSE 0.06 0.2p 0
1268 P-810 139 L35 L34 400 DI 100 FALSE 0.01 0.1 0
1269 P-811 174 L153 L34 200 DI 100 FALSE -0.004 30.1 0
1270 P-813 177 L34 L153 200 DI 100 FALSE 0.004 0.13 0
1271 P-814 102 L153 L37 150 Stee 80 FALS$E 0.001 060. 0
1272 P-815 207 L34 L153 200 Stee 90 FALS$E 0.003 110. 0
1273 P-816 2,048 L153 L47 200 DI 100 FALSE 0.019  620. 0.004
1274 P-817 1,236 L47 L45 350 DI 100 FALSE 0.024 50.2 0
1275 P-818 2,068 L153 L47 200 DI 100 FALSE 0.019  620. 0.004
1276 P-819 1,291 L153 L46 250 DI 100 FALSE -0.021 .430 0.001
1277 P-820 619 L30 L28 250 DI 100 FALSE -0.02p 0.46 0.002
1278 P-821 2,787 L19 L32 400 DI 100 FALSE 0.01% 20.] 0
1279 P-822 2,052 L28 L47 200 DI 100 FALSE -0.008  080. 0
1280 P-823 159 L42 L43 200 DI 110 FALSE -0.00[L 0.0R 0
1282 P-825 1,457 L43 L41 150 DI 100 FALSE -0.00p 3 0. 0.001
1283 P-826 681 J-79 L156 150 Gl 90 FALSE 0.001 005 O
1284 P-827 2,150 L113 L82 200 DI 100 FALSE 0.01s  510. 0.003
1285 P-828 385 L82 L79 125 Steel 100 FALSE 0.011 9 0| 0.012
1286 P-829 490 L83 L79 150 DI 100 FALSE -0.00p 0.33 0.002
1293 P-838 944 L83 L84 200 DI 90 FALSE 0.005 0.1 0
1308 P-868 505 L104 L105 150 DI 100 FALSE 0.011 0.6 0.005
1325 P-885 778 J-78 M18 300 DI 100 FALSE 0.00p 0.02 0
1327 P-887 172 SP27 J-76 300 DI 100 FALSE 0 0 0
1329 P-889 854 J-76 SP12 300 DI 120 FALSE 0.003 400 0
1337 P-898 257 IC7 J-86 400 Stee 90 FALSE -0.008 .070 0
1338 P-897 611 L114 L115 900 Stee 90 FALSE 0.544 860 0.001
1339 P-899 2,300 L115 J-80 900 Steql 90 FALSE 0.538 0.85 0.001
1340 P-900 409 J-91 L115 150 Stee| 90 FALSE 0 q 0
1341 P-901 2,182 J-87 J-128 150 Gl 90 FALSE 0012 .7 0O 0.008
1342 P-902 1,423 L14 L114 900 Stee 90 FALSE 0.707 1.11 0.002
1343 P-903 699 L15 L14 150 DI 100 FALSE -0.00p 0.5 0.003
1344 P-904 727 L11 L12 900 Steel 94 FALSE 0.4] 0.74 0.001
1345 P-905 626 L12 L13 900 Steel 94 FALSE 0.4 0.68 0.001
1405 P-965 384 J-141 J-130 800 DI 100 FALSE -0.002 0 0
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1406 P-966 794 B7 B13 200 DI 60 FALSE 0.02 0.89 018.
1407 P-967 464 B13 B4 200 DI 90 FALSE 0.024 0.7)7 000.
1408 P-968 984 J-127 J-139 150 DI 100 FALSE 0.009 490 0.003
1409 P-969 996 J-139 J-140 150 DI 100 FALSE -0.004 0.25 0.001
1410 P-970 868 J-140 J-123 15( DI 100 FALBE  -0.014 0.77 0.008
1411 P-971 520 J-55 G3 200 DI 100 FALSE 0.04B 1.3 0.019
1412 P-972 1,005 G3 Gl 200 DI 100 FALSE 0.026 0.83 0.006
1413 P-973 928 G4 G5 200 DI 90 FALSE -0.007 0.22 00D.
1414 P-974 768 G5 G6 200 DI 90 FALSE -0.02p 0.7 06.0
1415 P-975 374 G6 PG 200 [o]] 90 FALSE -0.029 0.91 009.
1416 P-976 431 T13 T15 150 DI 100 FALSE 0.014 0.81 0.008
1417 P-977 587 T15 T1 150 DI 100 FALSE  0.008 0.8 .00D
1418 P-978 427 T13 T14 400 DI 100 FALSE 0.114 0.91 0.003
1419 P-979 604 Ti4 T7 400 DI 100 FALSE  0.108 0.82 .008
1420 P-980 589 J-29 T16 500 DI 100 FALSE 0.17)7 0.p 0.003
1421 P-981 497 T16 T6 500 DI 100 FALSE 0.166 0.84 .00D
1422 P-982 539 Jan Meda T17 80( DI 100 FALSE 0.412 0.82 0.001
1423 P-983 442 T17 J-133 800 DI 100 FALSE 0.4 0.8 .00D
1424 P-984 520 T10 T18 200 DI 100 FALSE 0.00y 0.22 0.001
1425 P-985 587 T18 T9 200 DI 100 FALSE 0.001 0.04 0
1431 P-991 1,335 L28 L110 400 DI 110 FALSE -0.016 .130 0
1432 P-992 636 L110 L47 400 DI 110 FALSE -0.02p 70.1 0
1433 P-993 1,489 L47 L111 400 DI 100 FALJE  0.01f  140. 0
1434 P-994 516 L111 L28 400 DI 100 FALSE 0.012 0.09 0
1437 P-997 43 L125 J-87 150 Gl 90 FALSE  0.01p 0.y .00®
1438 P-998 36 L2 L3 125 DI 100 FALSE -0.031 2.58 086.
1441 P-636 99 J-65 E12 150 DI 100 FALSE  0.021L 1P .01D
1442 P-637 1,784 E12 Bl14 150 DCI 100 FAL$E 0.015 860.[ 0.009
1447 P-643 16 L117 FCV-1 900 Stee 100 FALSE 0745 1.14 0.002
1448 P-644 1,046 FCV-1 L14 900 Stee 90 FALSE 0.735 1.14 0.002
1449 P-646 622 J-101 RK10 75 Gl 90 FALSE 0.00p 1.41 0.063
1450 P-645 21 RK PMP-47 75 Gl 90 FALSE  0.006 141 .068
1451 P-647 19 PMP-47 J-101 75 Gl 90 FALSE 0006 114 0.063
1452 P-648 23 T-14 PMP-48 100 DI 90 FALSE 0004 605 0.008
1453 P-649 24 PMP-48 B8 100 DI 90 FALSE 0.004 0.56 0.008
1454 P-650 27 RK PMP-49 150 DCI 100 FALSE 0 0 0
1455 P-651 29 PMP-49 J-101 150 DClI 100 FALSE 0 0 0
1456 P-652 29 T-14 PMP-50 100 Stee| 100 FALSE 0.004 0.56 0.007
1457 P-653 34 PMP-50 B8 100 Stee 100 FALBE 0.004 560 0.007
1460 P-582a 15 B7 J-104 E) DI 80 FALSE 0.045 71 276
1461 P-582 1,161 J-104 BIO 250 DI 90 FALSE 0.045  920. 0.007
1478 P-1 9,149 R-1 LAGA.TANK 600 DI 130 FALSE 0.253| 0.89 0.001
1479 P-2 126 R-2 LAGA.TANK 900 DI 130 FALSE 3.779 95 0.025
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Appendix A.3 Flex Table: TankSteady State Analysis Results at Average Day Demand

ID Label Elevation Elevation Elevation (Initial) Elevation Volume Diameter Flow Hydraulic
(Base) (Minimum) (m) (Maximum) | (Inactive) (m) (Out net) Grade
(m) (m) (m) (ML) (m3/s) (m)
642 #’REAKDADI 2,422.00 | 2,423.00 2,426.80 | 2,428.00 0.00 3.05 | -2.031 | 2,426.80
643 | ST2 2,410.00 2,410.00 2,421.12 2,423.00 0.00 3.05 0.000 | 2,421.12
644 | ST4 2,404.00 2,404.20 2,406.70 2,409.20 0.00 8.00 0.000 2,406.70
645 | TR2 2,404.00 2,404.20 2,406.50 2,409.20 0.00 50.00 -0.593 | 2,406.50
646 | ST3 2,400.00 2,418.00 2,418.55 2,420.00 0.00 3.05 -0.198 | 2,418.55
647 | TR1 2,404.00 2,404.20 2,406.70 2,409.20 0.00 50.00 0.752 | 2,406.70
648 | AN 2,387.00 2,387.00 2,387.10 2,395.00 0.00 28.00 0.000 | 2,387.10
649 | Jan Meda 2,462.10 2,462.10 2,466.10 2,470.10 0.00 28.00 0.157 2,466.10
650 | TM 2,508.30 2,508.30 2,512.30 2,514.30 0.00 32.00 0.060 | 2,512.30
651 | EN 2,563.50 2,563.50 2,566.50 2,571.80 0.00 14.00 -0.018 | 2,566.50
652 | RK 2,548.00 2,548.00 2,550.00 2,553.00 0.00 12.00 0.015 | 2,550.00
653 | R1 2,639.00 2,639.00 2,641.00 2,646.20 0.00 21.00 0.006 | 2,641.00
654 | MO 2,486.50 2,486.50 2,489.80 2,490.20 0.00 60.00 -0.109 | 2,489.80
655 | T-14 2,635.60 2,635.60 2,637.60 2,639.60 0.00 17.00 0.021 | 2,637.60
658 | R2 2,683.40 2,683.40 2,685.40 2,687.40 0.00 6.00 0.002 | 2,685.40
659 | R3 2,746.80 2,746.80 2,748.80 2,750.80 0.00 6.00 0.001 | 2,748.80
665 | PG 2,419.50 2,419.50 2,420.00 2,424.00 0.00 16.00 -0.035 | 2,420.00
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Appendix A.4 Flex Table: Pump Table Steady State Analysis ReatiAverage Day Demand

ID

Label

Pump Definition Status | Hydraulic Hydraulic Flow (Total) Pump
(Initial) Grade Grade (m3/s) Head
(Suction) | (Discharge) (m)
(m) (m)
674 TR3 Pump Terminal (1,2,3) Off 2,406 .44 2,475.8D 0.000 0.00
675 TR2 Pump Terminal (1,2,3) On 2,406.39 2,476.06  0.350 69.67
676 TP1 Pump Terminal (1,2,3) On 2,406.3D 2,476.06  0.349 69.76
677 TR6 Pump Terminal (4,5,6) Off 2,406.34 2,485.4b 0.000 0.00
678 TR5 Pump Terminal (4,5,6) On 2,405.7Y 2,485.89 0.134 80.12
679 TR4 Pump Terminal (4,5,6) On 2,405.78 2,485.717 0.134 80.00
680 JM3 Pump Jan Meda 3,4,5 (To AAWSA) Off 2,465.99 2,499.92 0.000 0.00
681 JM4 Pump Jan Meda 3,4,5 (To AAWSA) On 2,465.88 2,500.21 0.088 34.33
682 JM5 Pump Jan Meda 3,4,5 (To AAWSA) On 2,465.87 2,500.11 0.089 34.24
683 JM1 Pump Jan Meda 1,2 (To Tel. Mek.) On 24659 2,521.98 0.073 56.02
684 M2 Pump Jan Meda 1,2 (To Tel. Mek.) Or 248559 2,521.76 0.073 55.83
685 JM9 Pump Jan Meda 7,8,9 (To Tef.Mek.) Off 2,886 2,533.48 0.000 0.00
686 JmM8 Pump Jan Meda 7,8,9 (To Tef.Mek.) Or 29165.| 2,534.04 0.034 68.14
687 M7 Pump Jan Meda 7,8,9 (To Tef.Mek.) On 2965, 2,533.97 0.034 68.05
688 T™M2 Pump Tefere Mekonnen 1,2 (to Entoto) Off 512,09 2,569.49 0.000 0.00
689 T™M1 Pump Tefere Mekonnen 1,2 (to Entoto) On 12.85 2,569.64 0.096 57.69
690 T™4 Pump Tefere Mekonnen 3,4 (To Rass Kassa) f Qf 2,512.08 2,579.05 0.000 0.00
691 T™M3 Pump Tefere Mekonnen 3,4 (To Rass Kasga) On 2,511.62 2,579.71 0.023 68.09
692 | Entotol| Pump Entoto (to R1) On 2,565.57 2,858.3 0.018 92.73
693 | Entoto2| Pump Entoto (to R1) Off 2,565.81 2,837. 0.000 0.00
694 MO1 | Pump AAWSA Main (1,2) Oon 2,489.68 2,654.8 0.071 165.14
695 MO2 Pump AAWSA Main (1,2) Off 2,489.75 2,654.52 0.000 0.00
696 MO3 Pump AAWSA Main (3) On 2,489.80 2,533.74 003. 43.98
697 ME2 Pump Mexico 2 Off 2,373.93 2,413.91 0.000 .000
698 ME1 Pump Mexico 1 Oon 2,373.92 2,413.91 0.006 989
701 R1(1) Pump R1 On 2,640.71 2,688.76 0.010 48.05
702 R2(1) Pump R2 On 2,684.99 2,751.26 0.006 66.27
712 UR1 Pump Urael On 2,396.09 2,435.82 0.048 39.¥3
720 | PMP-47| RK On 2,548.66 2,695.79 0.006 147.12
721 | PMP-48| BZ On 2,637.42 2,744.01 0.004 106.6p
722 | PMP-49| RK Off 2,550.00 2,694.59 0.000 0.00
723 | PMP-50| BZ On 2,637.40 2,744.05 0.004 106.64
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EXTENDED PERIOD SIMULATION (EPS)

Appendix A.5 Nodes EPS Analysis Results at Peak Hour Demand

Flex Table: Junction Table (Existing Water System bLegedadi sub system.wtg) Current Time: 14.000 hos

ID Label Elevation Demand Pattern Demand Hydraulic Grade Pressure
(m) (m?3/s) (m) (m H20)
129 | C1 2,410.00 0.000 2,422.45 12.42
130 | Cla 2,410.00 0.000 2,422 .44 12.42
131 | J4 2,410.00 0.000 2,423.08 13.05
132 | J5 2,410.00 0.000 2,422.93 12.91
133 | J-6 2,400.00 0.000 2,419.23 19.19
134 | J-7 2,400.00 0.000 2,419.14) 19.10
135 | L22 2,406.00 Domestic 0.020 2,404.89 -1.11
136 | L117 2,406.00 0.000 2,404.60 -1.40
137 | L114 2,375.00 Domestic 0.009 2,391.01 15.98
138 | L20 2,351.00 Domestic 0.088 2,388.06 36.98
139 | L118 2,402.00 0.000 2,473.69 71.54
140 | L119 2,402.00 0.000 2,404.81 2.81
141 | L120 2,402.00 0.000 2,473.69 71.54
142 | L121 2,402.00 0.000 2,473.68 71.53
143 | L122 2,402.00 0.000 2,404.81 2.81
144 | L123 2,402.00 0.000 2,404.81 2.81
145 | L124 2,402.00 0.000 2,403.60 1.59
146 | L125 2,404.00 0.000 2,404.44) 0.44
147 | L126 2,402.00 0.000 2,404.00 2.00
148 | L127 2,402.00 0.000 2,458.31 56.20
149 | L128 2,402.00 0.000 2,403.70 1.69
150 | L129 2,402.00 0.000 2,458.31 56.20
151 | L130 2,402.00 0.000 2,458.01 55.90
152 | J-131 2,427.00 Domestic 0.002 2,458.37 31.31
153 | J-124 2,420.00 Domestic 0.035 2,446.11 26.06
154 | J-27 2,400.00 0.000 2,404.84) 4.83
155 | J-28 2,460.00 0.000 2,463.61 3.61
156 | J-29 2,460.00 0.000 2,498.15 38.07
157 | J-30 2,460.00 0.000 2,498.24) 38.16
158 | J-31 2,460.00 0.000 2,463.63 3.62
159 | J-32 2,460.00 0.000 2,463.62 3.61
160 | J-33 2,460.00 0.000 2,498.24) 38.16
161 | J-35 2,460.00 0.000 2,463.64) 3.64
162 | J-36 2,460.00 0.000 2,518.10 57.98
163 | J-37 2,460.00 0.000 2,463.67 3.67
164 | J-38 2,460.00 0.000 2,518.31 58.19
165 | J-39 2,460.00 0.000 2,463.67 3.66
166 | J-40 2,460.00 0.000 2,530.61 70.47
167 | J41 2,460.00 0.000 2,530.55 70.41
168 | J-42 2,460.00 0.000 2,463.68 3.67
169 | J-43 2,460.00 0.000 2,463.67 3.66
170 | J-44 2,460.00 0.000 2,530.61 70.47
171 | J-45 2,507.00 0.000 2,508.07 1.07
172 | J-46 2,507.00 0.000 2,570.90 63.77
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173 | J-47 2,507.00 0.000 2,508.14 1.13
174 | J-48 2,507.00 0.000 2,570.90 63.77
175 | J-49 2,507.00 0.000 2,507.87| 0.87
176 | J-50 2,507.00 0.000 2,508.08 1.08
177 | J-51 2,507.00 0.000 2,574.64 67.51
178 | J-52 2,507.00 0.000 2,574.64 67.51
179 | E15 2,564.00 Domestic 0.004 2,569.15 5.13
180 | J-133 2,432.00 Domestic 0.002 2,461.56 29.50
181 | J-132 2,433.00 Domestic 0.002 2,460.63 27.58
182 | T7 2,473.00 Domestic 0.011 2,503.45 30.39
183 | T12 2,512.00 Domestic 0.005 2,507.86 -4.14
184 | T9 2,459.00 Domestic 0.013 2,502.18 43.09
185 | SP15 2,490.00 Domestic 0.002 2,507.80 17.77
186 | T13 2,510.00 Domestic 0.005 2,507.12 -2.88
187 | T1 2,469.00 Domestic 0.008 2,502.25 33.18
188 | B14 2,536.00 Domestic 0.074 2,525.97| -10.01
189 | J-63 2,560.00 Domestic 0.000 2,568.40 8.38
190 | J-64 2,560.00 0.000 2,567.48 7.47
191 | J-65 2,560.00 0.000 2,567.79 1.77
192 | SP16 2,490.00 Domestic 0.002 2,525.45 35.38
193 | J-67 2,560.00 0.000 2,567.48 7.47
194 | J-68 2,560.00 Domestic 0.000 2,657.72 97.52
195 | L35 2,345.00 Domestic 0.002 2,324.89 -20.07
196 | SP17 2,476.00 Domestic 0.020 2,487.99 11.96
197 | J-71 2,483.00 0.000 2,653.24 169.89
198 | J-72 2,483.00 0.000 2,490.07| 7.06
199 | J-73 2,483.00 0.000 2,490.07| 7.06
200 | J-74 2,483.00 0.000 2,653.09 169.74
201 | J-75 2,483.00 0.000 2,490.13 7.11
202 | J-76 2,483.00 0.000 2,534.09 50.98
204 | J-78 2,352.00 0.000 2,324.18 -27.77
205 | J-79 2,340.00 0.000 2,324.81 -15.16
206 | M23 2,352.00 Domestic 0.009 2,364.15 12.13
207 | J-81 2,352.00 0.000 2,364.15 12.13
208 | J-82 2,352.00 0.000 2,324.20 -27.74
209 | M18 2,345.00 Domestic 0.002 2,324.17| -20.79
211 | M19 2,345.00 Domestic 0.002 2,324.18 -20.78
215 | J-90 2,637.00 0.000 2,639.79 2.78
216 | E13 2,637.00 Domestic 0.005 2,685.36 48.27
217 | J-92 2,682.00 0.000 -2,200,074.14 -2,198,319.19
218 | E14 2,682.00 0.000 2,682.00 0.00
243 | L37 2,349.00 Domestic 0.002 2,324.79 -24.16
244 | L112 2,350.00 Domestic 0.020 2,379.63 29.57
245 | C45 2,350.00 0.000 2,379.5] 29.45
246 | J-55 2,350.00 0.000 2,393.43 43.34
247 | J-118 2,423.00 Domestic 0.002 2,429.15 6.14
256 | L28 2,325.00 Domestic 0.012 2,309.5]] -15.46
257 | L116 2,332.00 Domestic 0.002 2,378.64 46.55
258 | L46 2,335.00 Domestic 0.012 2,331.29 -3.71
259 | L36 2,336.00 Domestic 0.002 2,324.90 -11.08
260 | L40 2,347.00 Domestic 0.008 2,324.73 -22.22
261 | L41 2,326.00 Domestic 0.015 2,324.59 -1.41
262 | L44 2,311.00 Domesti 0.007 2,320.15 9.13
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263 | L47 2,317.00 Domestic 0.405 2,309.91 -7.08

265 | L45 2,305.00 Domestic 0.085 2,308.78 3.77

267 | L42 2,300.00 Domestic 0.007 2,320.54 20.50
269 | L154 2,340.00 Domestic 0.002 2,324.85 -15.12
270 | L113 2,351.00 Domestic 0.004 2,323.63 -27.32
271 | L69 2,283.00 Domestic 0.005 2,307.64 24.59
276 | L81 2,292.00 Domestic 0.003 2,304.27| 12.25
277 | L104 2,320.00 Domestic 0.004 2,297.29 -22.66
278 | L83 2,316.00 Domestic 0.039 2,298.81 -17.15
279 | J-70 2,352.00 0.000 2,323.93 -28.01
281 | L27 2,339.00 Domestic 0.050 2,367.80 28.74
282 | L24 2,351.00 Domestic 0.013 2,386.90 35.83
283 | L70 2,280.00 Domestic 0.005 2,307.42 27.36
284 | L19 2,327.00 Domestic 0.011 2,386.04 58.92
285 | L18 2,332.00 Domestic 0.022 2,361.56 29.50
286 | J-80 2,345.00 Domestic 0.000 2,381.38 36.31
287 | L26 2,342.00 Domestic 0.026 2,368.49 26.43
296 | L155 2,340.00 Domestic 0.001 2,324.85 -15.12
297 | L38 2,349.00 Domestic 0.006 2,324.75 -24.21
298 | L108 2,345.00 Domestic 0.002 2,324.84 -20.12
332 | J-138 2,390.00 Domestic 0.071 2,388.77| -1.23

339 | J-127 2,387.00 Domestic 0.263 2,367.80 -19.16
340 | J-123 2,376.00 Domestic 0.019 2,404.03 27.98
341 | J-125 2,418.00 Domestic 0.155 2,360.55 -57.34
342 | J-126 2,418.00 Domestic 0.036 2,445.62 27.56
343 | J-129 2,411.00 Domestic 0.012 2,453.07| 41.98
344 | J-122 2,386.00 Domestic 0.012 2,442.45 56.34
345 | J-120 2,371.00 Domestic 0.009 2,444.03 72.88
346 | J-121 2,366.00 Domestic 0.009 2,441.73 75.58
347 | J-115 2,405.00 Domestic 0.007 2,451.83 46.73
348 | J-130 2,425.00 Domestic 0.002 2,461.46 36.38
349 | J-116 2,405.00 Domestic 0.003 2,456.07| 50.97
350 | J-117 2,406.00 Domestic 0.003 2,424.93 18.89
351 | J-84 2,410.00 0.000 2,424.15 14.12
352 | J-134 2,411.00 Domestic 0.002 2,425.22 14.19
353 | J-119 2,431.00 Domestic 0.002 2,437.48 6.46

354 | T3 2,440.00 Domestic 0.019 2,430.55 -9.43

355 | T11 2,410.00 Domestic 0.013 2,452.71 42.62
356 | T4 2,435.00 Domestic 0.009 2,457.87| 22.83
357 | T8 2,472.00 Domestic 0.011 2,503.21 31.15
358 | T10 2,472.00 Domestic 0.008 2,502.5] 30.45
359 | TS5 2,455.00 Domestic 0.008 2,501.5] 46.41
360 | T6 2,460.00 Domestic 0.009 2,495.84 35.77
361 | IC5 2,437.00 Domestic 0.006 2,487.28 50.18
362 | IC1 2,472.00 Domestic 0.006 2,487.58 15.55
363 | IC2 2,463.00 Domestic 0.012 2,486.84 23.79
364 | IC3 2,450.00 Domestic 0.027 2,486.34 36.27
365 | IC4 2,432.00 Domestic 0.011 2,486.04 53.93
366 | IC6 2,465.00 Domestic 0.006 2,487.89 22.84
367 | SP27 2,491.00 Domestic 0.000 2,490.32 -0.68

378 | L23 2,352.00 Domestic 0.042 2,378.26 26.21
379 | L160 2,334.00 Domestic 0.022 2,350.45 16.42
380 | L16 2,327.00 Domesti 0.022 2,349.44 22.40
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381 | L13 2,387.00 Domestic 0.030 2,406.60 19.56
382 | L8 2,340.00 Domestic 0.009 2,399.87| 59.75
383 | L9 2,332.00 Domestic 0.009 2,398.35 66.22
384 | L7 2,363.00 Domestic 0.009 2,399.02 35.95
385 | L11 2,382.00 Domestic 0.064 2,408.22 26.16
386 | L5 2,362.00 Domestic 0.009 2,402.10 40.02
387 | L6 2,365.00 Domestic 0.009 2,401.96 36.88
388 | L3 2,360.00 Domestic 0.020 2,391.01 30.95
389 | L4 2,360.00 Domestic 0.017 2,390.90 30.84
390 | L10 2,392.00 Domestic 0.023 2,407.85 15.82
397 | T19 2,430.00 Domestic 0.009 2,460.47| 30.41
398 | RK22 2,431.00 0.000 2,431.00 0.00
403 | J-144 2,364.00 Domestic 0.039 2,348.77| -15.20
405 | RK7 2,511.00 0.000 2,511.00 0.00
412 | G4 2,351.00 0.000 2,351.00 0.00
413 | L156 2,347.00 Domestic 0.001 2,324.73 -22.23
421 | J-87 2,404.00 0.000 2,403.69 -0.31
422 | L31 2,320.00 Domestic 0.012 2,306.02 -13.95
424 | SP26 2,493.00 0.000 2,493.00 0.00
425 | RK20 2,500.00 0.000 2,500.00 0.00
426 | RK15 2,522.00 0.000 2,522.00 0.00
427 | J-143 2,423.00 Domestic 0.007 2,418.03 -4.96
428 | J-112 2,346.00 Domestic 0.020 2,436.26 90.08
431 | B9 2,582.00 0.000 2,582.00 0.00
435 | L2 2,360.00 Domestic 0.026 2,384.09 24.05
438 | J-106 2,355.00 Domestic 0.022 2,386.98 31.92
440 | E1 2,734.00 0.000 2,734.00 0.00
441 | L30 2,320.00 Domestic 0.012 2,307.30 -12.67
443 | E4 2,635.00 Domestic 0.022 2,629.78 -5.21
444 | L33 2,325.00 Domestic 0.012 2,384.98 59.86
445 | J-128 2,385.00 Domestic 0.019 2,365.97| -18.99
447 | B4 2,593.00 0.000 2,593.00 0.00
448 | J-109 2,385.00 Domestic 0.006 2,407.69 22.65
452 | E3 2,673.00 0.000 2,673.00 0.00
453 | L105 2,308.00 Domestic 0.016 2,291.82 -16.15
458 | J-141 2,432.00 Domestic 0.002 2,461.46 29.40
459 | L29 2,317.00 Domestic 0.012 2,303.92 -13.05
463 | RK21 2,490.00 0.000 2,490.00 0.00
464 | J-108 2,353.00 Domestic 0.004 2,360.79 7.78
467 | J-110 2,417.00 Domestic 0.012 2,412.70 -4.29
469 | E2 2,708.00 0.000 2,708.00 0.00
470 | B7 2,631.00 0.000 2,631.00 0.00
478 | RK8 2,538.00 0.000 2,538.00 0.00
479 | L15 2,360.00 Domestic 0.014 2,393.24 33.18
485 | E16 2,547.00 Domestic 0.007 2,562.60 15.57
488 | B8 2,636.00 0.000 2,636.00 0.00
490 | RK14 2,523.00 0.000 2,523.00 0.00
493 | L79 2,292.00 Domestic 0.008 2,300.55 8.53
495 | RK10 2,553.00 Domestic 0.000 2,553.00 0.00
501 | L1 2,356.00 Domestic 0.022 2,362.23 6.22
504 | J-142 2,424.00 Domestic 0.007 2,417.18 -6.81
505 | L109 2,345.00 Domestic 0.002 2,346.40 1.40
506 | J-107 2,379.00 Domesti 0.045 2,358.81 -20.15
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507 | B11 2,610.00 Domestic 0.000 2,610.00 0.00
509 | G2 2,343.00 Domestic 0.049 2,315.24 -27.70
522 | B10 2,600.00 Domestic 0.000 2,600.00 0.00
524 | J-86 2,434.00 0.000 2,416.08 -17.88
528 | J-91 2,360.00 0.000 2,388.96 28.90
543 | J-113 2,403.00 Domestic 0.009 2,446.45 43.36
547 | G1 2,364.00 Domestic 0.024 2,345.62 -18.34
550 | B1 2,706.00 0.000 2,706.00 0.00
552 | RK9 2,588.00 0.000 2,588.00 0.00
554 | J-137 2,390.00 Domestic 0.002 2,424.15 34.08
559 | L32 2,325.00 Domestic 0.012 2,385.56 60.44
562 | RK13 2,520.00 0.000 2,520.00 0.00
565 | J-105 2,358.00 Domestic 0.025 2,387.57| 29.51
566 | J-111 2,397.00 Domestic 0.007 2,416.41 19.37
567 | J-135 2,390.00 Domestic 0.002 2,424.20 34.13
568 | J-136 2,390.00 Domestic 0.002 2,429.07| 38.99
569 | J-114 2,417.00 Domestic 0.007 2,421.57| 4.56
570 | L157 2,339.00 Domestic 0.006 2,323.90 -15.07
571 | L153 2,345.00 Domestic 0.002 2,324.82 -20.14
572 | L34 2,345.00 Domestic 0.002 2,324.88 -20.08
573 | L43 2,303.00 Domestic 0.007 2,320.54 17.51
574 | L82 2,311.00 Domestic 0.008 2,311.37| 0.37
576 | L84 2,321.00 Domestic 0.008 2,298.03 -22.93
586 | SP12 2,463.00 Domestic 0.005 2,534.06 70.92
589 | IC7 2,441.00 Domestic 0.013 2,416.06 -24.89
590 | L115 2,370.00 Domestic 0.009 2,388.96 18.92
591 | L14 2,377.00 Domestic 0.014 2,398.65 2161
592 | L12 2,385.00 Domestic 0.062 2,407.25 22.20
611 | B13 2,595.00 0.000 2,595.00 0.00
612 | J-139 2,373.00 Domestic 0.020 2,366.73 -6.26
613 | J-140 2,365.00 Domestic 0.014 2,376.10 11.08
614 | G3 2,358.00 Domestic 0.034 2,365.66 7.64
615 | G5 2,367.00 0.000 2,367.00 0.00
616 | G6 2,402.00 0.000 2,402.00 0.00
617 | T15 2,497.00 Domestic 0.017 2,502.24 5.23
618 | T14 2,492.00 Domestic 0.017 2,505.36 13.33
619 | T16 2,447.00 Domestic 0.018 2,496.78 49.68
620 | T17 2,454.00 Domestic 0.018 2,462.51 8.49
621 | T18 2,459.00 Domestic 0.008 2,502.17| 43.09
625 | L110 2,306.00 Domestic 0.009 2,309.72 3.72
626 | L111 2,324.00 Domestic 0.009 2,309.57| -14.40
629 | E12 2,560.00 Domestic 0.009 2,563.89 3.89
620 | T17 2,454.00 Domestic 0.018 2,462.51 8.49
621 | T18 2,459.0( Domestic 0.00¢ 2,502.1 43.0¢
625 | L110 2,306.00 Domestic 0.009 2,309.72 3.72
62€ | L111 2,324.0( Domestic 0.00¢ 2,309.5 -14.4
62¢ | E1z 2,560.0( Domestic 0.00¢ 2,563.8! 3.8¢
632 | J-101 2,545.00 0 -6,917,655.46 -6,906,261.24
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Figure B.3 PressuréMap of Nodes for Peak Hour Demand Scenario, EP 3yais:

Scenario: Peak Hour Demand
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Appendix A.6 Links EPS Analysis Results at Peak Hour Demand

FlexTable: Pipe Table (Existing Water System of édgyli sub system.wtg), Current Time: 14 hoursXPea

our demanc
ID Label Length Start Node | Stop Node| Diameter | Material | Hazen- Has Flow Velocity | Headloss
(m) (mm) Willia Check (m3/s) (mf/s) Gradient
ms C Valve? (m/m)
730 | P-2 6800 ASEDAD! | c1g 900.0 Steel 1150  False 0.519 ols2 0.po1
731 | P-3 10 Cla C1l 700.0 Steel 100.0 False -0{142 37 . 0.000
732 | P4 6,360 #’:\EQDAD' 34 1,4000 |  Steel 110p  False 1.552 1o1 0.po1
733 | P-5 20| J4 ST2 1,200.0 Stee 100.0 Falge 0j000 0.00 0.000
734 | P-6 20| ST2 J-5 1,200.0 Stee 100.0 Falge 0j000 0.00 0.000
735 | P-7 528| J-5 Cl 1,400.0 Stee 100.0 Falge 1/552 1.01 0.001
736 | P-8 30| J5 J-4 1,000.0 Stee 100.0 Falge -1{552 1.98 0.005
737 | P-9 20| ST3 J-6 1,200.0 Stee 100.0 Falge -1{026 0.91 0.001
738 | P-10 1,964 J-6 C1l 1,200.Q Stee| 100.0 False 4091 1.25 0.002
739 | P-11 1,964 Cla J-6 900.0 Steel 100.0 False 10.66 1.04 0.002
740 | P-12 88| ST3 J-7 1,200.0 DCI 10Q0.0 Falsp 0979 870D 0.001
741 | P-13 9,526 J-7 L22 1,200.0 Stee 100.0 False 3421 1.19 0.001
742 | P-14 35| L22 TR2 900.0 Steel 10Q.0 False 0475 75D 0.001
743 | P-15 10| L22 ST4 1,200.0 Steel| 100.0 Falde 0/000 0.00 0.000
744 | P-16 40 J-7 J-6 1,000.0 Stee 100.0 False 51|04 1.33 0.002
745 | P-17 35| L22 TR1 900.0 Steel 10Q.0 False 1p22 921 0.005
746 | P-19 40 TR1 L117 1,000.0 Steel| 100.0 Falde 81|15 1.47 0.003
747 | P-21 148 L114 AN 600.0 Steel 104.0 Falsp 0.p00 0.00 0.000
748 | P-22 1,585 L114 L20 600.0 DI 100.0 False 0.244 0.86 0.002
749 | P-26 19| L119 TR3 600.0 Steel 100.0 False 0/000 0.00 0.000
750 | P-27 18| TR3 L118 500.0 Steel 100.0 Falde 0/000 0.00 0.000
751 | P-28 24| L1118 L120 900.0 DI 100{0 Falsé 0.000 004Q. 0.000
752 | P-29 18| L120 L121 900.0 DI 100{0 Falsg 0.353 550. 0.001
753 | P-30 7,550 L121 Jan Medg 900.0 DI 120.0 False .7050] 1.11 0.00%
754 | P-31 7 L119 L122 1,000.0 Steel 100.0 Falge J00 0.00 0.000
755 | P-32 5| Li122 L123 1,000.0 Steel 100.0 Falge 593 0.45 0.000]
756 | P-34 19| L122 TR2 600.0 Steel 100.0 False 0/353 1.25 0.004
757 | P-36 19| TR2 L120 500.0 Steel 100.0 Falde 0/353 1.80 0.009
758 | P-35 19| L123 TP1 500.0 Steel 100.0 Falge 0Jj352 1.80 0.009
759 | P-37 20| TP1 L121 500.0 Steel 100.0 Falge 0Jj352 1.80 0.009
760 | P-38 50 TR2 L125 150.0 Steel 100.0 Falde 0/014 0.81 0.008
761 | P-40 24| TR1 L125 500.0 Steel 100.0 False 0/401 2.04 0.011
762 | P-39 39| L125 L126 500.0 Steel 100.0 Falge 0/397 2.02 0.011
763 | P-41 27] L126 L128 500.0 Steel 100.0 Falde 0/397 2.02 0.011
764 | P-43 33| L128 L124 500.0 Steel 100.0 Falde 0199 1.01 0.003
765 | P-46 25| L126 TR6 150.0 Steel 100.0 False 0/000 0.00 0.000
766 | P-47 23| TR6 L127 150.0 Steel 100.0 False 0/000 0.00 0.000
767 | P-48 24| 1128 TR5 300.0 Steel 100.0 Falde 0/198 2.80 0.037
768 | P-49 24| TR5 L129 300.0 Steel 100.0 Falde 0/198 2.80 0.037
769 | P-50 21| L124 TR4 300.0 Steel 100.0 False 0199 2.81 0.037
770 | P-51 26| TR4 L130 300.0 Steel 100.0 Falde 0/199 2.81 0.037
771 | P-52 30| L127 L129 400.0 DI 100{0 Falsg 0.000 004Q. 0.000
772 | P-53 33| L129 L130 400.0 DI 100{0 Falsg 0.198 581. 0.009
773 | P-56 22| L1123 J-27 1,000.0 Stee 100.0 False 7050 0.90 0.001
774 | P-57 16| J-27 TR2 1,000.0 Stee 100.0 False 760(7 0.99 0.001
775 | P-58 20| J-27 L117 1,000.0 Stee 100.0 False 000{0 0.00 0.000]
776 | P-62 9| J-31 JM3 300.0 Steel 100.0 Falge 0J000 .00 |0 0.000 8
777 | P-63 10| JM3 J-30 250.0 Stee 100.0 Falge 0{000 0.00 0.000 Eﬂ
778 | P-65 19| J-31 J-32 600.0 Stee 100.0 False 01170 0.60 0.001] ©
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779 | P-66 19| J-32 J-28 600.0 Stee| 100.0 False 0,085 0.30 0.000
780 | P-67 16| J-29 J-33 300.0 Stee| 100.0 False 50,08 1.20 0.008
781 | P-68 19| J-33 J-30 300.0 Stee| 100.0 False 0,000 0.00 0.000
782 | P-69 12| J-32 JIM4 300.0 Stee 100.0 False 0/085 1.20 0.008
783 | P-70 15| JM4 J-33 250.0 Stee 100.0 False 0/085 1.73 0.019
784 | P-71 13| J-28 JM5 300.0 Stee 100.0 False 0/085 1.21 0.008
785 | P-72 14 JM5 J-29 250.0 Stee! 100.0 False 0[085 1.74 0.019
786 | P-75 16| J-35 J-31 600.0 Stee| 100.0 False 0,170 0.60 0.001
787 | P-77 20| Jan Meda J-37 600.0 Steel 100.0 False .321 1.13 0.003
788 | P-78 16| J-37 J-35 600.0 Stee| 100.0 False 0,246 0.87 0.002
789 | P-80 14| J-38 J-36 250.0 Stee| 100.0 False 0,075 1.53 0.015
790 | P-79 13| J-37 JM1 300.0 Stee 100.0 False 0/075 1.06 0.006
791 | P-81 16| JM1 J-38 250.0 Stee! 100.0 False 0[075 1.53 0.015
792 | P-82 13| J-35 JM2 300.0 Stee 100.0 False 0/076 1.07 0.006
793 | P-83 14| JIM2 J-36 250.0 Stee 100.0 False 0/076 1.54 0.015
794 | P-84 1,782 J-36 ™ 400.0 DI 1000 False 0.151 .20 0.005
795 | P-88 23| Jan Meda J-42 350.0 Steel 100.0 False .069 0.72 0.003
796 | P-89 17| J-42 J-43 350.0 Stee| 100.0 False 0,035 0.36 0.001
797 | P-91 20| J-43 J-39 350.0 Stee| 100.0 False 0,000 0.00 0.000
798 | P-92 20| J-40 J-44 250.0 Stee| 100.0 False 0,000 0.00 0.000
799 | P-93 18| J-44 J-41 250.0 Stee| 100.0 False 0,035 0.70 0.004
800 | P-95 12| J-39 JM9 200.0 Stee 100.0 False 0/000 0.00 0.000
801 | P-96 15| JM9 J-40 150.0 Stee 100.0 False 0/000 0.00 0.000
802 | P-97 13| J-43 JM8 200.0 Stee 100.0 False 0/035 1.10 0.011
803 | P-98 14| JM8 J-44 150.0 Stee 100.0 False 0/035 1.95 0.043
804 | P-99 13| J42 M7 200.0 Stee 100.0 False 0/035 1.11 0.011
805 | P-100 13| JIMm7 J-41 150.0 Steel 100.0 False 0j035 1.96 0.043
806 | P-101 1,730 J41 ™ 250.0 DI 100.0 False 0.069 141 0.013
807 | P-102 85 T™M J-47 400.0 Steel 100.0 False 0086 0.69 0.002
808 | P-103 34| J-47 J-45 400.0 Stee| 10D.0 False 60.08 0.69 0.002
809 | P-104 15 J-46 T™M2 300.0 Steel 100.0 Falde 0/000 0.00 0.000
810 | P-106 16| TM2 J-47 350.0 Steel 100.0 Falde 0/000 0.00 0.000
811 | P-105 14 J45 T™M1 350.0 Steel 100.0 Falde 0/086 0.89 0.004
812 | P-107 15| T™M1 J-48 300.0 Steel 100.0 Falde 0/086 1.22 0.008
813 | P-108 34| J-46 J-48 400.0 DI 100.0 False 0000 .00D 0.000
814 | P-109 1,24 J-48 EN 400.0 DI 10Q0.0 False 0.086 0.69 0.002
815 | P-110 431 T™ J-50 200.0 Steel 100.0 False 0,024 0.75 0.005
816 | P-111 40, J-50 J-49 200.0 Stee| 10D.0 False 40.02 0.75 0.005
817 | P-113 38 J-52 J-51 150.0 Stee| 10p.0 False 00.00 0.00 0.000
818 | P-115 12| J-50 T™M4 150.0 Steel 100.0 Falde 0/000 0.00 0.000
819 | P-116 12| T™M4 J-52 125.0 Steel 100.0 Falde 0/000 0.00 0.000
820 | P-117 12| J-49 T™M3 150.0 Steel 100.0 Falde 0/024 1.34 0.021
821 | P-118 13| TM3 J-51 125.0 Steel 100.0 Falde 0J024 1.93 0.051
822 | P-119 1,05 J-51 E15 200.0 DI 100.0 False 0/024 0.75 0.005
823 | P-120 1,437 E15 RK 150.0 DI 100.0 False 0.019 .10 0.015
824 | P-122 1,075 Jan Meda J-132 350.( DI 1Q0.0 False 0.075 0.78 0.003
825 | P-123 63 T™M T12 400.0 DI 100/0 False 0.179 1.43 0.008

826 | P-126 2,449 T12 SP15 250.0 DI 100.0 Falge 0/002 0.04 0.000
827 | P-127 1300 T12 T13 400.0 DI 100.0 Falsg 0.151 20 1. 0.005
828 | P-130 25 EN J-63 400.0 DI 1000 Fals¢ 0.104 30.8 0.003

829 | P-131 1,885 J-63 B14 200.0 DI 100.0 False 052 1.66 0.023
830 | P-132 27| J-63 J-65 200.0 Stee| 10D.0 False 20.05 1.66 0.022
831 | P-135 2,035 Bl4 SP16 150.0 DI 100.0 Falge 0/002 0.12 0.000
832 | P-136 22| J-65 J-67 150.0 Stee| 10p.0 False 90.01 1.08 0.014
833 | P-137 20| J-67 J-64 150.0 Stee| 10D.0 False 00.00 0.00 0.000
834 | P-139 1,244 J-68 R1 150.0 DI 100.0 False 019 1.08 0.014
835 | P-140 18, J-67 Entotol 150.0 Steell 100.0 False .0190 1.08 0.014
836 | P-141 16| Entotol J-68 125.0 Stee| 100.0 False .019Q 1.55 0.034
837 | P-142 19| J-64 Entoto2 150.0 Steel 100.0 Fal{se .000(Q 0.00 0.000Q
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838 | P-143 33| Entoto2 J-68 125.0 DI 100.0 False ®/00 0.00 0.000
839 | P-145 556 MO SP17 350.0 DI 10Q.0 Falsp 0.p088 91 0. 0.004

840 | P-146 38 MO J-72 400.0 Steel 100.0 Falge 0/073 0.58 0.001
841 | P-148 28| J-72 J-73 300.0 Steg] 100.0 False 00.00 0.00 0.000
842 | P-150 27 J71 J-74 300.0 Steg| 10D.0 Falge 30.07 1.03 0.006
843 | P-151 12| J-72 MO1 300.0 Stee 100.0 Falge 0j073 1.03 0.006
844 | P-152 12| MO1 J-71 250.0 Stee 100.0 Falge 0/073 1.48 0.014
845 | P-153 12| J-73 MO2 300.0 Stee 100.0 Falge 0j000 0.00 0.000
846 | P-154 11| MO2 J-74 250.0 Stee 100.0 Falge 0/000 0.00 0.000
847 | P-155 3,034 J-74 T-14 300.0 DI 100.0 False 07 1.03 0.006
848 | P-156 41 MO J-75 300.0 DCI 100.0 False 0.005 07 0. 0.000
849 | P-157 200 J-75 MO3 300.0 Stee 100.0 Falge 0j005 0.07 0.000
850 | P-158 18| MO3 J-76 250.0 Stee 100.0 Falge 0j005 0.10 0.000
851 | P-160 1,142 L35 J-79 600.0 DI 100.0 Falsg 0.042 0.15 0.000
852 | P-162 37 M23 J-81 250.0 Stee 100.0 Falge 0/000 0.00 0.000
853 | P-161 954 J-79 J-82 500.0 DI 100.0 False 0,083 0.42 0.001
854 | P-163 45 J-82 J-78 500.0 DI 10Q.0 False 0083 42D 0.001
855 | P-164 17| J81 ME2 300.0 Stee 120.0 Falge 0j000 0.00 0.000
856 | P-165 12| ME2 J-82 400.0 Stee 120.0 Falge 0j000 0.00 0.000
857 | P-169 13| J-78 ME1 400.0 Stee 120.0 Falge 0j009 0.07 0.000
858 | P-170 16| ME1 M23 300.0 Steel 10Q.0 False 0.009 0.12 0.000
860 | P-174 734 M19 J-78 600.0 DI 110.0 False -0.002 0.01 0.000
869 | P-184 32 R1 J-90 150.0 DCI 100.0 Falsp 0.p10 59 0. 0.005
870 | P-185 19] J-90 R1(1) 125.0 Steeg| 10D.0 Falge 1000 0.85 0.011
871 | P-186 20 R1(1) E13 100.0 Stee! 100.0 False 00{01 1.33 0.034
872 | P-187 410 E13 R2 125.0 DI 90.0 False 0.006 .48 0.005

873 | P-188 22 R2 J-92 100.0 DCI 10Q.0 Falsp 0.000 00 0. 0.000
874 | P-190 4720 El14 R3 100.0 Gl 930.0 False 0.p00 .00 0.000

875 | P-189 16| J-92 R2(1) 100.0 Steeg| 10D.0 False 0200 0.26 0.000
876 | P-191 19] R2(1) E14 80.0 Stee 100.0 Falge 0j002 0.41 0.000
913 | P-250 63| L112 C45 300.0 Stee 100.0 Falge 0j083 1.18 0.007
914 | P-251 17| C45 UR1 250.0 Stee 100.0 Falge 0j083 1.69 0.018
915 | P-252 19| UR1 J-55 200.0 Steel 100.0 False 0(083 2.64 0.053
935 | P-287 457 L1112 L116 900.0 Stee 90.0 Falge P0PE8  1.08 0.002
936 | P-289 1,331 L116 L46 450.0 DI 90,0 Falsg 0.507 3.19 0.036
937 | P-288 588 L116 L36 250.0 Steel 90.0 False 0180 3.66 0.091
938 | P-290 213 L36 L35 900.0 Steel 100.0 False 0,079 0.12 0.000
939 | P-293 1,064 L40 L41 400.0 DI 110.0 Falsg 0.023 0.18 0.000
940 | P-294 2,498 L37 L44 300.0 DI 110.0 Fals¢ 0.043 0.61 0.002
941 | P-296 738 L47 L46 450.0 DI 90J0 Falsg -0.453 857. 0.029
942 | P-299 562 L44 L45 200.0 DI 90J0 Falsg 0.044 114 0.020

944 | P-301 461 L44 L42 200.0 DI 90/0 Falsg -0.008 260Q. 0.001
946 | P-305 626 L154 J-79 300.0 DI 100.0 Falsg 0.006 0.08 0.000
947 | P-306 995 J-79 L113 300.0 DI 100.0 Falsg 0.031 0.43 0.001
948 | P-307 2,859 L113 L69 300.0 DI 100.0 False 0071 1.01 0.006
953 | P-316 704 L8l L83 250.0 DI 110{0 Falsg 0.058 181. 0.008
954 | P-317 940, L83 L104 250.0 DI 90(0 Falsg 0.020 410. 0.002
955 | P-318 57| L113 J-70 300.0 DI 100.0 False -0.069 0.98 0.005
956 | P-319 47) J-70 J-78 300.0 DI 10Q.0 False -0.069 0.98 0.005
957 | P-320 873 L104 J-70 300.0 DI 100.0 Falsg 0.000 0.00 0.000
959 | P-323 2,008 L1112 L27 250.0 DI 110.0 False 0.050 1.02 0.006
960 | P-324 800 L20 L24 200.0 DI 110{0 Falsg 0.013 410. 0.001
961 | P-325 76| L69 L70 300.0 DI 110J0 Falsg 0.066 40.9 0.004
962 | P-326 856 L70 L81 300.0 DI 110{0 Falsg 0.061 8740. 0.004
964 | P-328 770 L20 L19 400.0 DI 100{0 Falsg 0.101 800. 0.003
965 | P-330 607] L19 L18 200.0 DI 110{0 Falsg 0.067 132. 0.030
966 | P-332 563 J-80 L112 900.0 Stee| 90.0 False 20{84 1.32 0.003
967 | P-333 2,077 J-80 L26 200.0 DI 100.0 False 0.026 0.83 0.006
977 | P-344 455 L35 L155 400.0 DI 100{0 Fals¢ 0.017 .13 0.000
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978 | P-345 127 L155 L154 400.0 DI 100.0 False 0.010 0.08 0.000
979 | P-346 616/ L37 L38 600.0 DI 110{0 Falsg 0.048 170. 0.000
980 | P-347 345 L38 L40 600.0 DI 110{0 Falsg 0.031 110. 0.000
981 | P-348 407| L155 L38 200.0 DI 110,0 False 0.005 .16 0.000
982 | P-350 796 L154 L108 300.0 Stee 90.0 Falge 20/00 0.03 0.000
1014 | P-428 10q J-27 J-138 150.0 DI 100.0 Falge 1007 4.00 0.161
1027 | P-460 2,732 L130 J-127 400.0 DI 100.0 Falge 390 3.16 0.033
1028 | P-461 1,458 J-127 J-125 400.9 DI 90.0 False 1280 1.02 0.005
1029 | P-463 200 J-125 J-126 400.0 DI 100.0 Falge 00{00 0.00 0.000
1030 | P-464 562 J-126 J-124 350.0 DI 90.0 Falge 360/0 0.37 0.001
1031 | P-465 1,369 J-125 J-123 150.0 DI 90.0 False .0270 1.50 0.032
1032 | P-466 1,16 J-123 J-124 150.0 DI 10D.0 False 0.032 1.79 0.034
1033 | P-467 1,369 J-124 J-129 350.0 DI 10D.0 False 0.102 1.06 0.005
1034 | P-468 689 J-129 J-131 350.0 DI 100.0 False 1270 1.32 0.008
1035 | P-469 1,104 J-129 J-122 150.0 DI 90.0 False 0140 0.79 0.010
1036 | P-470 473 J-122 J-123 150.0 DI 90.0 Falge 40|04 2.49 0.081
1037 | P-471 4794 J-122 J-120 250.0 DI 100.0 False 0330 0.68 0.003
1038 | P-472 654 J-120 J-121 150.0 DI 100.0 False 090{0 0.51 0.004
1039 | P-473 860 J-120 J-115 300.0 DI 90.0 Falge 830/0 1.18 0.009
1040 | P-474 629 J-115 J-116 500.0 DI 100.0 False 3030 1.54 0.007
1041 | P-475 783 J-116 J-130 500.0 DI 100.0 False 3060 1.56 0.007
1042 | P-476 393 J-118 J-117 200.0 Stesl 100.0 False 0.035 1.11 0.011
1043 | P-478 11 J-116 J-117 200.0 DI 100.0 Falge 00{00 0.00 0.000
1044 | P-479 143 J-130 J-133 800.0 DI 100.0 False 3160 0.62 0.001
1045 | P-480 44/  J-133 J-132 350.0 DI 100.0 Falge 80{21 2.27 0.021
1046 | P-481 63 J-132 J-131 350.0 DI 100.0 Falge 20{29 3.03 0.036
1047 | P-483 529 J-118 J-134 150.0 Stesl 90.0 False .012( 0.69 0.007,
1048 | P-485 667 J-131 J-119 300.0 DI 90.0 Falge 30{16 2.30 0.031
1049 | P-487 1,364 J-119 T3 200.0 DI 80.0 False 0019 0.59 0.005
1050 | P-488 407 J-119 J-118 200.0 DI 100.0 False 490(0 1.57 0.020
1051 | P-490 1,287 T9 T8 250.0 DI 90,0 Falsg -0.014 .28 0.001
1052 | P-491 1,222 T12 T10 200.0 DI 10Q0.0 Falsg 0.022 0.68 0.004
1053 | P-493 960 T8 T10 150.0 DI 800 False 0.003 70.1 0.001
1054 | P-494 260 TI0 T5 150.0 DI 90,0 Falsg 0.008 80.4 0.004
1055 | P-495 84 T8 T7 250.0 DI 90]0 Falsg -0.028 Q.56 0.003
1056 | P-496 868 T7 T1 250.0 DI 90{0 Falsg 0.019 0.38 0.001
1057 | P-499 1,131 T1 T6 150.0 DI 90,0 Falsg 0.010 59 0. 0.006
1058 | P-500 761 T6 T7 250.0 DI 90{0 Falsg -0.054 111 0.010
1059 | P-501 530 IC5 IC1 200.0 DI 80{0 Falsg -0.006  .18( 0.001
1060 | P-502 169 IC1 SP17 350.0 DI 90.0 False -0.062 0.64 0.002
1061 | P-503 359 IC1 IC2 350.0 DI 80{0 Falsg 0.050 520. 0.002
1062 | P-504 234 I1C2 IC3 300.0 DI 90{0 Falsg 0.038 540. 0.002
1063 | P-505 205 IC3 IC4 200.0 DI 90{0 Falsg 0.011 340. 0.001
1064 | P-506 213 SP17 1C6 200.0 DI 90.0 False 0,006 .18 D 0.000
1065 | P-507 1,644 T6 SP27 500.0 DI 100.0 Falge 0{208 1.06 0.003
1066 | P-508 57| SP27 MO 500.0 DI 10Q.0 Falsp 0.2,08 06 I. 0.003
1076 | P-524 637 L20 L23 200.0 DI 100[0 False 0.042 351 0.015
1077 | P-525 483 L18 L160 150.0 DI 90,0 Falsg 0.022 261 0.023
1078 | P-526 640 L18 L16 150.0 DI 100,0 False 0.022 261 0.019
1079 | P-528 2,661 L13 L22 900.0 Stee 94.0 Falge 7903 0.59 0.001
1080 | P-529 1,544 Li13 L8 200.0 DI 120.0 Falsg 0.026 0.82 0.004
1081 | P-530 649 L8 L9 150.0 PVC 1200 False 0.009 49 0.002
1082 | P-531 379 L8 L7 150.0 PVC 1200 False 0.009 48 0. 0.002
1083 | P-532 517§ J-7 L11 900.0 Stee] 90.0 False 82016 1.07 0.002
1084 | P-534 1,209 L11 L5 350.0 DI 100.0 Falsg 0.101 1.05 0.005
1085 | P-535 754 L5 L6 250.0 PVC 120.0 False 0.009 17 0.000
1086 | P-536 839 L5 L3 250.0 PVC 1200 False 0.084 72 0.013
1087 | P-537 173 L3 L4 250.0 PVC 1200 False 0.017 34 0. 0.001
1088 | P-538 1,084 Li11 L10 350.0 DI 100.0 False 0.023 0.24 0.000
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1100 | P-554 1,097 Ti1 T19 150.0 DI 10Q0.0 False $H.01 074 0.007
1101 | P-555 717 TI19 T4 150.0 DI 100.0 False 0.009 52 0.004

1102 | P-556 30 J-133 T19 150.0 DI 10Q.0 False 0,031 1.77 0.036
1108 | P-666 864 J-110 J-109 150.0 DI 90.0 Falge 10j01 0.60 0.006
1115| P-852 229 L31 L30 150.0 DI 1000 Falsg -0.012  0.65 0.006
1116 | P-654 3771 RK7 RK10 50.0 PVC 11Q.0 Falsg -0.p02 1.09 0.044
1128 | P-585 2,909 B7 SP26 150.0 Gl 90.0 Falge 0/008 0.44 0.003
1134 | P-673 61§ J-107 J-106 150.0 Gl 80.0 False 290{0 1.62 0.046
1139 | P-831 0 RK15 RK14 100.0 Gl 90,0 Fals¢e -0.022 747 0.151

1142 | P-583 699 B10 B9 110.0 PVC 11Q9.0 False 0.000 .00D 0.000

1144 | P-634 154 J-142 J-143 400.0, Stesl §0.0 False 0.12% 0.96 0.004
1148 | P-671 1,195 J-143 J-108 200.0 PV( 110.0 False 0.086 2.74 0.048
1149 | P-660 703 RKS8 RK7 50.0 PVC 110.0 False -0.001 0.51 0.010
1153 | P-658 812 RK9 RK8 50.0 PVC 110.0 False 0.000 .080 0.000

1164 | P-685 971 G1 J-144 150.0 Stee] 8D.0 False 40,02 1.34 0.032
1165 | P-672 404 J-108 J-107 150.0 DI 90.0 Falge 00{01 0.55 0.005
1171 | P-830 371 RK20 RK15 100.0 Gl 90.0 False -0.020 2.59 0.142
1173 | P-576 1,647 B8 Bl 100.0 PVC 110.0 False 0010 1.30 0.027
1175 | P-854 247 L30 L29 125.0 Gl 100.0 False 0.012 .94 0.014
1177 | P-678 938 J-112 J-113 350.0 DI 90.0 Falge 3901 1.43 0.011
1183 | P-849 420 L33 L32 200.0 DI 100{0 Falsg -0.012 0.37 0.001
1184 | P-686 1,042 J-144 L109 100.0 Gl 90.0 Falge 020/0 0.28 0.002
1195 | P-758 470 L1 L2 125.0 DI 100J0 Falsg -0.022 831. 0.047

1198 | P-677 900 J-106 J-112 300.0 DI 90.0 Falge 00{00 0.00 0.000
1199 | P-584 404 B10 B11 200.0 DI 90.0 False 0.004 13 0. 0.000

1202 | P-703 384 J-143 J-84 400.0 Steel 80.0 False .214(0 1.70 0.016
1203 | P-704 455 J-84 J-137 500.0 DI 90.0 Falge /00 0.02 0.000
1205 | P-706 281 RS E2 50.0 PVC 11Q9.0 False 0.000 0 p.O 0.000

1206 | P-708 157 E3 R2 100.0 DI 90.0 False 0.000 .00 0.000

1207 | P-710 90 R1 E4 100.0 PVC 11Q9.0 False 0.022 2p8 0.113

1208 | P-711 262 E1 R3 75.0 Gl 90.0 False 0.000 .00 0.000

1209 | P-712 293 EN E16 100.0 Gl 90.0 False 0.p07 109 0.020

1210 | P-718 358 RK10 RK9 75.0 Gl 90,0 False 0.006 44 1. 0.066

1211 | P-713 769 RK RK14 100.0 Gl 90,0 Falsg 0.000 000. 0.000

1212 | P-716 1,101 RK21 RK13 150.0 DI 93.0 False ».p0 0.18 0.002
1213 | P-717 1,945 RK13 RK22 150.0 DI 5@.0 Falsg .02 1.34 0.075
1214 | P-719 307 RK RK13 250.0 DI 15|0 Falsg 0.000 004Q. 0.000

1215 | P-720 1,124 RK13 RK21 150.0 DI 93.0 Falsg 08.0 0.18 0.002
1216 | P-721 180 RK20 RK21 100.0 Gl 90.0 False 0.p018 2.29 0.108
1217 | P-722 62 B7 T-14 250.0 DI 80{0 Falsg 0.000 00.0 0.000

1218 | P-723 659 B7 B9 125.0 Gl 90,0 False 0.005 (0.43 0.000

1237 | P-749 482 J-142 J-86 400.0 Steegl §0.0 False 0750Q. 0.60 0.002
1238 | P-750 580 J-86 J-110 200.0 DI 90.0 Falge 0/023 0.72 0.006
1239 | P-751 611 J-86 J-110 250.0 DI 90.0 Falge 0/040 0.81 0.006
1240 | P-752 903 J-110 J-109 250.0 DI 90.0 Falge 00{04 0.81 0.006
1241 | P-753 1,101 J-109 J-105 250.0 DI 90.0 False 0750 1.54 0.018
1242 | P-754 165 J-105 J-106 300.0 DI 90.0 Falge 00{05 0.71 0.004
1243 | P-755 833 J-108 J-79 200.0 DI 90.0 Falge 0067 2.12 0.043
1244 | P-756 899 J-108 J-107 150.0 DI 90.0 Falge 60{00 0.36 0.002
1245 | P-757 361 J-142 J-111 300.0 DI 90.0 Falge 80{03 0.54 0.002
1246 | P-759 839 J-111 J-109 200.0 DI 90.0 Falge 10j03  0.98 0.010
1247 | P-760 1,487 J-84 J-112 350.0 DI 90.0 Falge 1180 1.23 0.008
1248 | P-761 461 J-84 J-135 150.0 Steegl 90.0 False .0010 0.07 0.000
1249 | P-764 19§ J-135 J-134 150.0 Stesl 90.0 False 0.010 0.57 0.005
1250 | P-769 898 J-141 J-137 500.0 DI 90.0 Falge 00{00 0.00 0.000
1251 | P-770 18 J-137 J-135 150.0 DI 90.0 Falge /00 0.38 0.003
1252 | P-771 764 J-119 J-136 300.0 DI 90.0 Falge 20{09 1.31 0.011
1253 | P-773 468 J-136 J-84 300.0 DI 90.0 Falge 0/090 1.28 0.011
1254 | P-775 21 J-135 J-136 150.0 DI 90.0 Falge 0/000 0.00 0.000
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1255 | P-778 379 J-117 J-114 200.0 Stesl 100.0 False 0.032 1.00 0.009
1256 | P-781 108§ J-114 PG 200.0 Stedl| 100.0 False  48Q.0 152 0.019
1257 | P-783 1,063 J-114 J-120 150.0 DI 10D.0 Falge 0.024 1.34 0.021
1258 | P-784 490 J-120 J-122 150.0 DI 100.0 False 090{0 0.48 0.003
1259 | P-785 719  J-144 J-113 150.0 DI 100.0 False 0650 3.66 0.136
1260 | P-786 521 J-113 J-115 400.0, DI 100.0 False 2120 1.68 0.010
1261 | P-787 379 G2 Gl 150.0 DI 100.0 False -0.049 76 2. 0.081

1262 | P-804 942 PG Gl 200.0 DI 10Q.0 Falsg 0.p00 0 p.0 0.000

1263 | P-806 378 L38 L157 200.0 DI 110.0 False 0.016 0.53 0.002

1264 | P-807 1,874 L157 L42 200.0 DI 110.0 Falsg D.p1 0.46 0.002
1265 | P-808 829 L157 L37 150.0 Stee 80.0 Falge 04,0 0.21 0.001
1266 | P-805 290 L36 L153 600.0 DI 110.0 False 0.098 0.35 0.000
1267 | P-809 84 L153 L37 600.0 DI 110[0 Fals¢e 0.095 .34 0.000

1268 | P-810 139 L35 L34 400.0 DI 100,0 Falsg 0.018 .14 0.000

1269 | P-811 174 L153 L34 200.0 DI 100.0 False -0.006 0.18 0.000
1270 | P-813 177 L34 L153 200.0 DI 100.0 False 0.006 0.18 0.000
1271 | P-814 102 L153 L37 150.0 Stee 80.0 Falge 20/00 0.09 0.000
1272 | P-815 207 L34 L153 200.0 Stee 90.0 Falge 50/00 0.15 0.000
1273 | P-816 2,044 L1583 L47 200.0 DI 104.0 False ®.02 0.90 0.007
1274 | P-817 1,234 L47 L45 350.0 DI 100.0 False 0.040 0.42 0.001
1275 | P-818 2,07Q L1583 L47 200.0 DI 104.0 Falsg ®.02 0.90 0.007
1276 | P-819 1,291 L153 L46 250.0 DI 104.0 False 4D.0 0.85 0.005
1277 | P-820 604 L30 L28 250.0 DI 100,0 False -0.035 0.71 0.004
1278 | P-821 2,787 L19 L32 400.0 DI 100.0 False 0.023 0.18 0.000
1279 | P-822 2,055 L28 L47 200.0 DI 100.0 False £©.00 0.13 0.000
1280 | P-823 159 L42 L43 200.0 DI 110,0 False -0.001 0.02 0.000
1282 | P-825 1,454 L43 L41 150.0 DI 100.0 False 8$.00 045 0.003
1283 | P-826 691 J-79 L156 150.0 Gl 90.0 False 0.001 0.07 0.000
1284 | P-827 2,150 L113 L82 200.0 DI 104.0 Falsg ®.p2 0.79 0.006
1285 | P-828 389 L82 L79 125.0 Steel 100.0 Falge 7001 1.39 0.028
1286 | P-829 490 L83 L79 150.0 DI 100{0 Falsg -0.009 0.51 0.004
1293 | P-838 944 L83 L84 200.0 DI 90{0 Falsg 0.008 250. 0.001

1308 | P-868 505 L104 L105 150.0 DI 100.0 False 0.p016 0.93 0.011
1325 | P-885 7784 J-78 M18 300.0 DI 10Q.0 Falsg 0.002 0.03 0.000
1327 | P-887 173 SP27 J-76 300.0 DI 100.0 False 0(000 0.00 0.000
1329 | P-889 854 J-76 SP12 300.0 DI 120.0 False 0(005 0.07 0.000
1337 | P-898 257 IC7 J-86 400.0 Steg| 90.0 False 130{0 0.10 0.000
1338 | P-897 611 L114 L115 900.0 Stee 90.0 Falge 770{8 1.38 0.003
1339 | P-899 2,300 L115 J-80 900.0 Stedll 90.0 False .8680 1.36 0.003
1340 | P-900 409 J-91 L115 150.0 Stee] 90.0 False 0000 0.00 0.000
1341 | P-901 2,184 J-87 J-128 150.0 Gl 90.0 False 190[0 1.08 0.017
1342 | P-902 1,423 Li4 L114 900.0 Stee! 90.0 Falge 1301 1.78 0.005
1343 | P-903 700 L15 L14 150.0 DI 100,0 False -0.014 0.78 0.008
1344 | P-904 904 L11 L12 900.0 Steel 94.0 False 0493 0.78 0.001
1345 | P-905 781 L12 L13 900.0 Steel 94.0 False 0431 0.68 0.001
1405 | P-965 384 J-141 J-130 800.0 DI 100.0 False 0020 0.00 0.000
1406 | P-966 794 B7 B13 200.0 DI 60,0 False 0.043 713 0.037

1407 | P-967 464 B13 B4 200.0 DI 90,0 Falsg 0.037 911 0.021

1408 | P-968 984 J-127 J-139 150.0 DI 100.0 False 050{0 0.27 0.001
1409 | P-969 994 J-139 J-140 150.0 DI 100.0 False 0180 0.86 0.009
1410 | P-970 868 J-140 J-123 150.0 DI 100.0 False 0360 1.68 0.032
1411 | P-971 520 J-55 G3 200.0 DI 10Q.0 False 0083 .64 P 0.053
1412 | P-972 1,00 G3 Gl 200.0 DI 100.0 False 0.p49 551 0.020
1413 | P-973 928 G4 G5 200.0 DI 90.0 False -0.011 4 (0.3 0.000

1414 | P-974 768 G5 G6 200.0 DI 90.0 False -0.034 91.0 0.013

1415 | P-975 374 G6 PG 200.0 DI 90.0 False 0.p00 D.00 0.000

1416 | P-976 431 T13 T15 150.0 DI 100.0 False 0.p17 950 0.011
1417 | P-977 587 TI15 Tl 150.0 DI 100.0 False 0.000 02 0. 0.000
1418 | P-978 427 T13 T14 400.0 DI 100.0 False 0.129 .031 0.004
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1419 [ P-979 604 Tia 7 400.0 DI 000  Fals ofi2 890. 0003
1420 | P-980 590 J29 T16 500.0 DI 1000 False 0fi70 087 0.002
1421 | P98l 495 T16 6 500.0 DI 1000  Falsé 0452 770. 0002
1422 | P-982 534 Jan Meda T17 800.0 DI 1000 Fale 5800,  1.15 0.002
1423 | P-983 442 T17 1133 800.0 Di 1000  False 0561 1.12 0.002
1424 | P-osa 524 T10 T18 200.0 DI 1000  Fals 0.008 240  0.001
1425 | P-985 586 Tis To 200.0 DI 1000  Falst 0001 .03 0.000
1431 | P-991 1334 (28 (110 200.0 DI 1100  False 200 019 0.000
1432 | P-992 638 L110 a7 400.0 DI 1100  Falst  0.034 027 0.000
1433 | P-993 1497  L47 (111 200.0 DI 1000  Fals Db2 021 0.000
1434 | P-994 51 L111 28 400.0 DI 1000  Falsé 0.018 014 0.000
1437 | P-997 43 L1125 187 150.0 Gl 940  Falsk 0p19 081 0017
1438 | P-998 36 L2 3 125.0 DI 100[0  False 0448 339 0192
1441 | P-636 99 365 E12 150.0 DI 1000 False 0033 871 0039
1422 | P637 1789 E12 B14 150.0 DCI 1000  Fase @2 134 0.021
1447 | P-643 16 L117 FCV-1 900.0 Stee 1000  Fade 158 1.82 0.005
1428 | P-644 1,044 FCV-1 (14 900.0 Stee 900  Falde 1581 1.82 0.008
1449 | P-646 624 101 RK10 75.0 Gl 900 False 0010 2.18 0.143
1450 | P-645 21 RK PMP-47 75.0 Gl 900 Falsk 0.000  000.  0.000
1451 | P-647 19 PMP-47 7101 75.0 Gl 900  False 0loo6 1.46 0.065
1452 | P-648 23 T-14 PMP-48 100.0 DI 900  False 0000 0.00 0.000
1453 | P-649 24 PMP-48 B8 100.0 DI 900  Falsk 0007 870 0026
1454 | P-650 27 RK PMP-49 150.0 DCI 1000  Falsp 0.p00 0.00 0.000
1455 | P-651 29 PMP-29 7101 150.0 DCI 100.0  Fale 002 0.18 0.000
1456 | P-652 29 T-14 PMP-50 100.0 Stee 1000 Falbe .0000 000 0.000
1457 | P-653 34 PMP-50 B8 100.0 Stee 1000 Fae 0700 087 0.018
1460 | P-582a 14 87 7104 90.0 DI 800  False 0070 .00l 3137
1461 | P-582 1161 J-104 B10 250.0 DI 900  False o7 143 0.017
1478 | P-1 o R1 #’;\\ﬁK 600.0 DI 1300 False 0.238 0.44 0.0p1
1479 | P2 o R2 #’;\\EK 900.0 DI 130.0|  False 2.93p 481 0.0l6
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Figure B.4 Velocity Map of Links for Peak Hour Demand ScengB®S Analysi

Scenario: Peak Hour Demand

Bentley WiaterCAD Wi (S ELECTseries 4)
Existing Wister System of Legedadi sub system utg Bentley Systems, Inc. Haestad histhods Solution Center 102.11.04.50]
/1202014 27 Siemon Company Drive Suite 200 W Wiatertown, CT 06705 USA +1-203-755- Fage 1af 1
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Appendix A.7 Tankcondition EPS AnalysiResults at Peak Hour Demand

Flex Table: Tank Table (Existing Water System ofjé@adi sub system.wtg), Current Time: 14.000 hours

ID Label Elevation Elevation Elevation Elevation Volume Diameter Flow Hydraulic
(Base) (Minimum) (Initial) (Maximum) | (Inactive) (m) (Out net) Grade
(m) (m) (m) (m) (ML) (m?s) (m)
pa2 | LAGADA 1 5 42200 2,423.00 2,426.80 2,428.00 oloo J05  a1j09 2,428.00
DI TANK

643 | ST2 2,410.0Q 2,410.00 2,421.12 2,423.00 (.00 05 B. 0.000 2,421.12
644 | ST4 2,404.0Q 2,404.20 2,406.70 2,409.20 0.00 00 B. 0.000 2,406.70
645 | TR2 2,404.00 2,404.2D 2,406.50 2,409{20 0.00 .0Bp 0.315 2,404.86
646 | ST3 2,400.0Q 2,418.00 2,418.55 2,420.00 0.00 05 B. -0.046 2,419.21
647 | TR1 2,404.00 2,404.2D 2,406.70 2,409{20 0.00 .0B6p 0.337 2,404.71
648 | AN 2,387.00 2,387.0 2,387.10 2,395/00 0.00 0@8. 0.000 2,387.10
649 | Jan Meda 2,462.1] 2,462.10 2,466/10 2,470.10 00 |0. 28.00 0.339 2,463.7
650 | T™ 2,508.30 2,508.3 2,512.30 2,51430 0.00 0B2. 0.069 2,508.30
651 | EN 2,563.50 2,563.50 2,566.50 2,571{80 Q.00 oas.  0.025 2,568.47
652 | RK 2,548.00 2,548.00 2,550.00 2,553]00 g.00 oa2. 0.036 2,548.00
653 | R1 2,639.00 2,639.0D 2,641.00 2,646/20 0.00 oo2fL. 0.014 2,639.94
654 | MO 2,486.50 2,486.50 2,489.80 2,490]20 g.00 0@®B0. -0.043 2,490.13
655 | T-14 2,635.60 2,635.6D 2,637.60 2,639/60 0.00 7.0 0.071 2,635.6(
658 | R2 2,683.40 2,683.4p 2,685.40 2,687(40 0.00 0 6.0 0.002 2,683.4Q
659 | R3 2,746.80 2,746.8D 2,748.80 2,750,80 0.00 0 6.0 0.008 2,746.8Q
665 | PG 2,419.5Q 2,419.50 2,420.p0 2,424,00 0.00 0016. -0.003 2,419.50

Addis Ababa University Institute of Technology

Page34



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Appendix A.8 Pump DefinitionEPS Analysis Results at Peak Hour Demand

ID Label Pump Definition Status Hydraulic Hydraulic Flow Pump
(Initial) | Grade (Suction) Grade (Total) Head
(m) (Discharge) (m3/s) (m)
(m)
674 | TR3 Pump Terminal (1,2,3) Off 2,404.81 2,473}69 0.000 0.00
675 | TR2 Pump Terminal (1,2,3) On 2,404.74 2,473.860.353 69.12
676 | TP1 Pump Terminal (1,2,3) On 2,404.65 2,473.860.352 69.20
677 | TR6 Pump Terminal (4,5,6) Off 2,404.00 2,458|31 0.000 0.00
678 | TR5 Pump Terminal (4,5,6) On 2,402.80 2,459.220.198 56.41
679 | TR4 Pump Terminal (4,5,6) On 2,402.82 2,458.980.199 56.16
680 | JM3 Pump Jan Meda 3,4,5 (To AAWSA) Off 2,463|63 2,498.24 0.000 0.0
681 | JM4 Pump Jan Meda 3,4,5 (To AAWSA) On 2,46352 2,498.50 0.085 34.98
682 | JM5 Pump Jan Meda 3,4,5 (To AAWSA) On 2,463 51 2,498.41 0.085 34.9
683 | JM1 Pump Jan Meda 1,2 (To Tel. Mek.) On 2,463.5 2,518.54 0.075 54.95
684 | IM2 Pump Jan Meda 1,2 (To Tel. Mek.) On 2,463.5 2,518.30 0.076 54.74
685 | JM9 Pump Jan Meda 7,8,9 (To Tef.Mek.) Off 2,883 2,530.61 0.00d 0.0
686 | JM8 Pump Jan Meda 7,8,9 (To Tef.Mek.) On 2553. 2,531.21 0.035 67.68
687 | IJM7 Pump Jan Meda 7,8,9 (To Tef.Mek.) On 2863. 2,531.13 0.035 67.5P
688 | TM2 Pump Tefere Mekonnen 1,2 (to Entoto) Off 508,14 2,570.90 0.000 0.00
689 | TM1 Pump Tefere Mekonnen 1,2 (to Entoto) On 08.62 2,571.02 0.086 63.00
690 | TM4 Pump Tefere Mekonnen 3,4 (To Rass Kassp) f Of 2,508.08 2,574.64 0.00D 0.0
691 | TM3 Pump Tefere Mekonnen 3,4 (To Rass Kassp) On 2,507.61 2,575.37 0.024 67.71
692 | Entotol Pump Entoto (to R1) On 2,567/24 2,668.2 0.019 91.04
693 | Entoto2 Pump Entoto (to R1) Off 2,567.48 2,887. 0.000 0.00
694 | MO1 Pump AAWSA Main (1,2) On 2,490.01 2,653.40 0.073 163.40
695 | MO2 Pump AAWSA Main (1,2) Off 2,490.07 2,653.09 0.000 0.00
696 | MO3 Pump AAWSA Main (3) On 2,490.13 2,534.09 006 43.96
697 | ME2 Pump Mexico 2 Off 2,324.20 2,364.15 0.J00 .00Q
698 | ME1 Pump Mexico 1 On 2,324.18 2,364./16 0.009 989
701 | R1(1) Pump R1 On 2,639.63 2,685)95 0.010 46.32
702 | R2(1) Pump R2 On -2,200,074.14 -2,199,990.16 0020 83.97
712 | UR1 Pump Urael On 2,379.22 2,394)51 0.083 1%5.29
720 | PMP-47 | RK On -6,917,799.93 -6,917,654.24 0.0p6 145(69
721 | PMP-48 BZ On -7,315,667.56 -7,315,598.07 0.0p7 69]49
722 | PMP-49 | RK Off -3,457,553.66 -6,917,655.46 0.000 0.p0
723 | PMP-50 | BZ On -7,315,667.56 -7,315,598.097 0.0p7 69]49
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FIRE FLOW DEMAND SCENARIO

Appendix A.9: NodeEPS Analysis ResultsPeak Hour 1-Hr Fire flow Results
Flex Table: Junction Table (Existing Water Systdrhepedadi sub system.wtg)

ID Label Elevation Demand Demand Hydraulic Grade Pressure
(m) Pattern (md/s) (m) (m H20)
129 C1 2,410.00 0.000 2,422.82 12.79
130 Cla 2,410.00 0.000 2,422.82 12.79
131 J-4 2,410.00 0.000 2,423.41 13.38
132 J-5 2,410.00 0.000 2,423.27 13.25
133 J-6 2,400.00 0.000 2,419.82 19.78
134 J-7 2,400.00 0.000 2,419.72 19.68
135 L22 2,406.00 D 0.022 2,405.18 -0.81
136 L117 2,406.00 0.000 2,404.83 -1.16
137 L114 2,375.00 D 0.010 2,387.89 12.86
138 L20 2,351.00 D 0.096 2,384.38 33.32
139 1118 2,402.00 D&F 0.100 2,468.37 66.24
140 L119 2,402.00 0.000 2,405.12 3.11
141 L120 2,402.00 D&F 0.100 2,468.37 66.24
142 L121 2,402.00 D&F 0.100 2,468.37 66.24
143 L122 2,402.00 0.000 2,405.12 3.11
144 L123 2,402.00 0.000 2,405.12 3.11
145 L124 2,402.00 0.000 2,403.61 1.61
146 L125 2,404.00 0.000 2,404.64 0.64
147 L126 2,402.00 0.000 2,404.11 2.10
148 L127 2,402.00 0.000 2,447.47 45.38
149 1128 2,402.00 0.000 2,403.73 1.73
150 L129 2,402.00 0.000 2,447.47 45.38
151 L130 2,402.00 0.000 2,447.11 45.02
152 J-131 2,427.00 D 0.002 2,455.18 28.13
153 J-124 2,420.00 D 0.038 2,437.52 17.49
154 J-27 2,400.00 0.000 2,405.15 5.14
155 J-28 2,460.00 0.000 2,463.67 3.66
156 J-29 2,460.00 0.000 2,498.05 37.98
157 J-30 2,460.00 0.000 2,498.15 38.07
158 J-31 2,460.00 0.000 2,463.68 3.68
159 J-32 2,460.00 0.000 2,463.67 3.66
160 J-33 2,460.00 0.000 2,498.15 38.07
161 J-35 2,460.00 0.000 2,463.70 3.69
162 J-36 2,460.00 0.000 2,518.11 58.00
163 J-37 2,460.00 0.000 2,463.73 3.72
164 J-38 2,460.00 0.000 2,518.32 58.21
165 J-39 2,460.00 0.000 2,463.30 3.29
166 J-40 2,460.00 F 0.100 2,463.57 3.56
167 J-41 2,460.00 F 0.100 2,464.52 4.51
168 J-42 2,460.00 0.000 2,463.38 3.38
169 J-43 2,460.00 0.000 2,463.30 3.29
170 J-44 2,460.00 F 0.100 2,464.07 4.07
171 J-45 2,507.00 0.000 2,508.07 1.07
172 J-46 2,507.00 0.000 2,571.26 64.13
173 J-47 2,507.00 0.000 2,508.14 1.13
174 J-48 2,507.00 0.000 2,571.26 64.13
175 J-49 2,507.00 0.000 2,484.89 -22.07
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176 J-50 2,507.00 0.000 2,496.12 -10.86
177 J-51 2,507.00 F 0.100 1,247.37 -1,257.09
178 J-52 2,507.00 F 0.100 1,235.63 -1,268.81
179 E15 2,564.00 D 0.005 1,247.11 -1,314.24
180 J-133 2,432.00 D 0.002 2,459.75 27.70
181 J-132 2,433.00 D 0.002 2,458.48 25.43
182 T7 2,473.00 D 0.012 2,503.04 29.98
183 T12 2,512.00 D 0.005 2,507.81 -4.18
184 T9 2,459.00 D 0.014 2,501.45 42.37
185 SP15 2,490.00 D 0.002 2,507.75 17.71
186 T13 2,510.00 D 0.005 2,507.00 -2.99
187 Tl 2,469.00 D 0.009 2,501.69 32.62
188 B14 2,536.00 D 0.081 2,518.18 -17.78
189 J-63 2,560.00 0.000 2,568.75 8.73
190 J-64 2,560.00 0.000 2,565.75 5.74
191 J-65 2,560.00 0.000 2,567.33 7.31
192 SP16 2,490.00 D 0.002 2,517.56 27.51
193 J-67 2,560.00 0.000 2,565.75 5.74
194 J-68 2,560.00 F 0.100 2,517.58 -42.33
195 L35 2,345.00 D 0.002 2,305.97 -38.95
196 SP17 2,476.00 D 0.022 2,487.61 11.58
197 J-71 2,483.00 F 0.100 2,322.35 -160.33
198 J-72 2,483.00 0.000 2,489.80 6.78
199 J-73 2,483.00 0.000 2,489.80 6.78
200 J-74 2,483.00 F 0.100 2,322.07 -160.60
201 J-75 2,483.00 0.000 2,489.54 6.53
202 J-76 2,483.00 0.000 2,515.41 32.34
204 J-78 2,352.00 0.000 2,305.08 -46.82
205 J-79 2,340.00 0.000 2,305.83 -34.10
206 M23 2,352.00 D 0.009 2,345.05 -6.93
207 J-81 2,352.00 0.000 2,345.05 -6.93
208 J-82 2,352.00 0.000 2,305.11 -46.79
209 M18 2,345.00 D 0.003 2,305.07 -39.85
211 M19 2,345.00 D 0.003 2,305.08 -39.84
215 J-90 2,637.00 0.000 2,639.80 2.80
216 E13 2,637.00 D 0.005 2,685.13 48.03
217 J-92 2,682.00 0.000 -2,413,242.87 -2,4116368.
218 E14 2,682.00 D 0.000 2,682.00 0.00
243 L37 2,349.00 D 0.002 2,305.86 -43.05
244 L112 2,350.00 D 0.022 2,373.47 23.42
245 C45 2,350.00 0.000 2,373.26 23.21
246 J-55 2,350.00 F 0.100 2,353.55 3.54
247 J-118 2,423.00 D 0.003 2,421.15 -1.84
256 L28 2,325.00 D 0.013 2,288.66 -36.27
257 L116 2,332.00 D 0.002 2,372.27 40.19
258 L46 2,335.00 D 0.013 2,314.79 -20.17
259 L36 2,336.00 D 0.002 2,305.98 -29.96
260 L40 2,347.00 D 0.009 2,305.79 -41.13
261 L41 2,326.00 D 0.016 2,305.62 -20.34
262 L44 2,311.00 D 0.008 2,300.54 -10.44
263 L47 2,317.00 D 0.444 2,289.13 -27.82
265 L45 2,305.00 D 0.093 2,287.71 -17.26
267 L42 2,300.00 D 0.008 2,300.97 0.96
269 L154 2,340.00 D 0.002 2,305.90 -34.03
270 L113 2,351.00 D 0.004 2,304.43 -46.48
271 L69 2,283.00 D 0.005 2,285.46 2.45
276 L81 2,292.00 D 0.004 2,281.46 -10.52
277 L104 2,320.00 D 0.004 2,273.18 -46.73
278 L83 2,316.00 D 0.043 2,274.98 -40.93
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279 J-70 2,352.00 0.000 2,304.79 -47.12
281 L27 2,339.00 D 0.055 2,359.44 20.40
282 L24 2,351.00 D 0.014 2,383.01 31.95
283 L70 2,280.00 D 0.005 2,285.19 5.18
284 L19 2,327.00 D 0.012 2,381.99 54.88
285 L18 2,332.00 D 0.024 2,352.94 20.90
286 J-80 2,345.00 0.000 2,375.69 30.63
287 L26 2,342.00 D 0.029 2,360.40 18.36
296 L155 2,340.00 D 0.001 2,305.91 -34.02
297 L38 2,349.00 D 0.006 2,305.81 -43.11
298 L108 2,345.00 D 0.002 2,305.89 -39.03
332 J-138 2,390.00 D 0.078 2,386.08 -3.91
339 J-127 2,387.00 D 0.289 2,336.98 -49.92
340 J-123 2,376.00 D 0.021 2,368.68 -7.30
341 J-125 2,418.00 D 0.170 2,327.98 -89.84
342 J-126 2,418.00 D 0.039 2,436.94 18.90
343 J-129 2,411.00 D 0.013 2,446.70 35.63
344 J-122 2,386.00 D 0.013 2,393.81 7.79
345 J-120 2,371.00 D&F 0.110 2,394.04 22.99
346 J-121 2,366.00 D&F 0.110 2,156.20 -209.38
347 J-115 2,405.00 D 0.008 2,436.72 31.66
348 J-130 2,425.00 D 0.002 2,459.52 34.45
349 J-116 2,405.00 D 0.004 2,446.80 41.71
350 J-117 2,406.00 D 0.004 2,420.46 14.43
351 J-84 2,410.00 0.000 2,402.07 -7.91
352 J-134 2,411.00 D 0.002 2,406.78 -4.22
353 J-119 2,431.00 D 0.003 2,426.82 -4.17
354 T3 2,440.00 D 0.020 2,418.60 -21.36
355 T11 2,410.00 D 0.014 2,449.25 39.17
356 T4 2,435.00 D 0.010 2,455.38 20.34
357 T8 2,472.00 D 0.012 2,502.74 30.68
358 T10 2,472.00 D 0.009 2,501.80 29.74
359 T5 2,455.00 D 0.009 2,500.61 45.52
360 T6 2,460.00 D 0.010 2,495.73 35.65
361 IC5 2,437.00 D 0.006 2,486.77 49.67
362 IC1 2,472.00 D 0.006 2,487.13 15.10
363 IC2 2,463.00 D 0.013 2,486.25 23.20
364 IC3 2,450.00 D 0.030 2,485.66 35.58
365 IC4 2,432.00 D 0.012 2,485.30 53.19
366 1C6 2,465.00 D 0.006 2,487.49 22.45
367 SP27 2,491.00 0.000 2,490.34 -0.66
378 L23 2,352.00 D 0.047 2,372.76 20.72
379 L160 2,334.00 D 0.024 2,339.76 5.75
380 L16 2,327.00 D 0.024 2,338.56 11.54
381 L13 2,387.00 D 0.033 2,406.16 19.12
382 L8 2,340.00 D 0.009 2,274.25 -65.62
383 L9 2,332.00 F 0.110 2,107.47 -224.08
384 L7 2,363.00 D 0.009 2,273.24 -89.58
385 L11 2,382.00 D 0.070 2,407.85 25.79
386 L5 2,362.00 D 0.009 2,400.59 38.51
387 L6 2,365.00 D 0.009 2,400.42 35.35
388 L3 2,360.00 D 0.022 2,387.43 27.38
389 L4 2,360.00 D 0.018 2,387.30 27.25
390 L10 2,392.00 D 0.026 2,407.41 15.38
397 T19 2,430.00 D 0.010 2,458.47 28.41
398 RK22 2,431.00 D 0.000 2,431.00 0.00
403 J-144 2,364.00 D 0.043 2,358.22 -5.77
405 RK7 2,511.00 D 0.000 2,511.00 0.00
412 G4 2,351.00 D 0.012 2,398.56 47.47
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413 L156 2,347.00 D 0.001 2,305.74 -41.18
421 J-87 2,404.00 0.000 2,403.75 -0.25
422 L31 2,320.00 D 0.013 2,284.52 -35.41
424 SP26 2,493.00 D&F 0.000 2,493.00 0.00
425 RK20 2,500.00 D 0.000 2,500.00 0.00
426 RK15 2,522.00 D 0.000 2,522.00 0.00
427 J-143 2,423.00 D 0.008 2,395.43 -27.51
428 J-112 2,346.00 D&F 0.122 2,407.94 61.81
431 B9 2,582.00 D 0.000 2,582.00 0.00
435 L2 2,360.00 D 0.028 2,379.22 19.19
438 J-106 2,355.00 D 0.024 2,361.21 6.19
440 El 2,734.00 D 0.000 2,734.00 0.00
441 L30 2,320.00 D 0.013 2,286.03 -33.90
443 E4 2,635.00 D 0.024 2,627.90 -7.09
444 L33 2,325.00 D 0.013 2,380.73 55.62
445 J-128 2,385.00 D 0.021 2,359.00 -25.95
447 B4 2,593.00 D 0.000 2,593.00 0.00
448 J-109 2,385.00 D 0.006 2,383.93 -1.07
452 E3 2,673.00 D 0.000 2,673.00 0.00
453 L105 2,308.00 D 0.018 2,266.69 -41.23
458 J-141 2,432.00 D 0.003 2,459.52 27.46
459 L29 2,317.00 D 0.013 2,282.03 -34.90
463 RK21 2,490.00 D 0.000 2,490.00 0.00
464 J-108 2,353.00 D 0.004 2,337.37 -15.60
467 J-110 2,417.00 D 0.013 2,389.45 -27.49
469 E2 2,708.00 D 0.000 2,708.00 0.00
470 B7 2,631.00 D 0.000 2,631.00 0.00
478 RK8 2,538.00 D 0.000 2,538.00 0.00
479 L15 2,360.00 D 0.015 2,391.00 30.94
485 E16 2,547.00 D 0.008 2,561.90 14.87
488 B8 2,636.00 D&F 0.000 2,636.00 0.00
490 RK14 2,523.00 D 0.000 2,523.00 0.00
493 L79 2,292.00 D 0.009 2,277.05 -14.92
495 RK10 2,553.00 D 0.000 2,553.00 0.00
501 L1 2,356.00 D 0.025 2,353.29 -2.71
504 J-142 2,424.00 D 0.008 2,394.47 -29.47
505 L109 2,345.00 D 0.002 2,355.41 10.39
506 J-107 2,379.00 D 0.049 2,334.11 -44.80
507 B11 2,610.00 D 0.000 2,610.00 0.00
509 G2 2,343.00 D 0.053 2,321.62 -21.33
522 B10 2,600.00 D 0.000 2,600.00 0.00
524 J-86 2,434.00 0.000 2,393.23 -40.69
528 J-91 2,360.00 0.000 2,385.29 25.24
543 J-113 2,403.00 D 0.010 2,428.53 25.48
547 Gl 2,364.00 D 0.026 2,357.68 -6.31
550 Bl 2,706.00 D 0.000 2,706.00 0.00
552 RK9 2,588.00 D 0.000 2,588.00 0.00
554 J-137 2,390.00 D 0.002 2,402.09 12.06
559 L32 2,325.00 D 0.013 2,381.42 56.31
562 RK13 2,520.00 D 0.000 2,520.00 0.00
565 J-105 2,358.00 D 0.027 2,361.83 3.82
566 J-111 2,397.00 D 0.008 2,393.60 -3.39
567 J-135 2,390.00 D 0.002 2,402.34 12.31
568 J-136 2,390.00 D 0.002 2,411.27 21.22
569 J-114 2,417.00 D 0.008 2,420.10 3.10
570 L157 2,339.00 D 0.006 2,304.82 -34.11
571 L153 2,345.00 D 0.002 2,305.89 -39.03
572 L34 2,345.00 D 0.002 2,305.95 -38.97
573 L43 2,303.00 D 0.008 2,300.97 -2.03
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574 L82 2,311.00 D 0.009 2,289.89 -21.07
576 L84 2,321.00 D 0.009 2,274.06 -46.85
586 SP12 2,463.00 D&F 0.105 2,508.39 45.30
589 IC7 2,441.00 D 0.014 2,393.21 -47.70
590 L115 2,370.00 D 0.010 2,385.29 15.26
591 L14 2,377.00 D 0.015 2,397.42 20.38
592 L12 2,385.00 D 0.068 2,406.83 21.79
611 B13 2,595.00 D 0.000 2,595.00 0.00
612 J-139 2,373.00 D 0.022 2,333.89 -39.03
613 J-140 2,365.00 D 0.016 2,341.37 -23.58
614 G3 2,358.00 D 0.038 2,352.51 -5.48
615 G5 2,367.00 D 0.026 2,400.21 33.14
616 G6 2,402.00 D 0.011 2,411.69 9.67
617 T15 2,497.00 D 0.019 2,501.65 4.64
618 T14 2,492.00 D 0.019 2,505.09 13.06
619 T16 2,447.00 D 0.020 2,496.66 49.56
620 T17 2,454.00 D 0.020 2,461.53 7.51
621 T18 2,459.00 D 0.009 2,501.44 42.35
625 L110 2,306.00 D 0.010 2,288.91 -17.05
626 L111 2,324.00 D 0.010 2,288.72 -35.21
629 E12 2,560.00 D 0.010 2,562.74 2.73
632 J-101 2,545.00 D&F 0.000 2,545.00 0.00
634 J-104 2,615.00 0.000 -260,689,753.65 -26026@778
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Figure B.5 Pressure Map of Nodes for Peak hour-Hr Fire Flow demand Scenario, EPS Anal

Scenario: Peak hour + 1- Hr Fire flow

Bertley UiaterCAD 8 (3ELEC Tseries 4)
Existing Wister System of Legedadi sub system 2wt g Bertley Systems, Inc. Haestad Methods Selution Center [05.11.04.50]
51342014 27 Siemon Company Drive Suite 200 W ‘iatertown, CT 06795 USA +1-203-755- Page 1 of 1
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Appendix A.10 LinksEPS Analysis Resuétt Peak Hou¥1Hr Fire flow DemandResults

Flex Table: Pipe Table (Existing Water System afédadi sub system.wtg)

Length
Diameter ; Hazen- Has Flow | Velocity Headloss (Us%r
ID Label | Start Node | Stop Node Material | Wiliams | Check Gradient Defined)
C Valve?
(mm) (m3/s) (mf/s) (m/m) (m)
LAGA
730 P-2 TANK Cla 900 Steel 115 FALSE 0.5 0.79 0.001 6,89
731 P-3 Cla Cl 700 Steel 100 FALSH -0.137 0.36 0 10
LAGA
732 P-4 TANK J4 1,400.0( Stee 11C FALSE 1.49¢ 0.97 0.001 6,36(
733 P-5 J-4 ST2 1,200.00 Stee 100 FALSE 0 0 0 20
734 P-6 ST2 J-5 1,200.00 Stee 100 FALSE 0 0 0 20
735 P-7 J-5 Cl 1,400.00 Steel 100 FALSE 1.494 0.97 0.001 528
736 P-8 J-5 J-4 1,000.00 Stee 100 FALSE -1.4p4 1.5 0.004 30
737 P-9 ST3 J-6 1,200.00 Stee 100 FALSE -0.9B37 30.§ 0.001 20
738 P-10 J-6 Cl 1,200.00 Stee 100 FALSE -1.3p7 1.2 0.002 1,964
739 P-11 Cla J-6 900 Steel 100 FALSE 0.637 1 0.002 1,964
740 P-12 ST3 J-7 1,200.0( DCI 100 FALSE 1.014 0.9 .00D 88
741 P-13 J7 L22 1,200.0( Stee 10C FALSE 1.35% 1.2 0.00z 9,52¢
742 P-14 L22 TR2 900 Steel 100 FALSE 0.2] 0.42 0 35
743 P-15 L22 ST4 1,200.00 Steel 100 FALS$E 0 0 0 10|
744 P-16 J7 J-6 1,000.0 Stee 10C FALSE -1.057 1.3% 0.00z 40
745 P-17 L22 TR1 900 Steel 100 FALSE 1.34p 211 0®.0 35
746 P-19 TR1 L117 1,000.00 Steel 100 FALSE 1.304 661. 0.003 40
747 P-21 L114 AN 600 Steel 100 FALSE 0 0 0 148
748 P-22 L114 L20 600 DI 100 FALSE 0.268 0.95 0.002 1,585
749 P-26 L119 TR3 600 Steel 100 FALSE 0 0 0 19
750 P-27 TR3 L118 500 Steel 100 FALSE 0 0 0 18
751 P-28 L118 L120 900 DI 100 FALSE -0.1 0.16| 0 24
752 P-29 L120 L121 900 DI 100 FALSE 0.181 0.29 0 18
752 P-30 L121 Jan Med 90C DI 12C FALSE 0.46¢ 0.7: 0.001 7,55(
754 P-31 L119 L122 1,000.00 Steel| 100 FALS$SE 0 0 0 7
755 P-32 L122 L123 1,000.00 Steel| 100 FALS$E -0.382 0.49 0 5
75€ P-34 L122 TR2 60C Stee 10C FALSE 0.38: 1.3F 0.00¢ 19
757 P-36 TR2 L120 500 Steel 100 FALSE 0.382 1.9 010. 19
758 P-35 L123 TP1 500 Steel 100 FALSE 0.382 1.94 01 0. 19
759 P-37 TP1 L121 500 Steel 100 FALSE 0.382 1.94 01 0. 20
760 P-38 TR2 L125 150 Steel 100 FALSE 0.016 0.9p 01D. 50
761 P-40 TR1 L125 500 Steel 100 FALSE 0.446 2.2 014. 24
762 P-39 L125 L126 500 Steel 100 FALSE 0.442 22p 019 39
763 P-41 L126 L128 500 Steel 100 FALSE 0.442 22p 0149 27
764 P-43 L128 L124 500 Steel 100 FALSE 0.221 1.18 .00 33
765 P-46 L126 TR6 15C Stee 10C FALSE 0 0 0 25
76€ P-47 TRE L127 15C Stee 10C FALSE 0 0 0 23
767 P-48 L128 TR5 300 Steel 100 FALSE 0.221 3.1p 04%. 24
76¢& P-49 TRS L129 30C Stee 10C FALSE 0.22] 3.12 0.04¢ 24
769 P-50 L124 TR4 300 Steel 100 FALSE 0.221 3.1B 04%. 21
770 P-51 TR4 L130 300 Steel 100 FALSE 0.221 3.1B 04%. 26
771 P-52 L127 L129 400 DI 100 FALSE 0 0 0 30
772 P-53 L129 L130 400 DI 100 FALSE 0.221 1.76 0.01 33
773 P-56 L123 J-27 1,000.0( Stee 100 FALSE -0.764 0.97 0.001 22
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774 P-57 J-27 TR2 1,000.00 Stee 100 FALSE  -0.842 .071 0.002 16
775 P-58 J-27 L117 1,000.00 Stee 100 FALSE 0 0 0 0 2
776 P-62 J-31 JM3 300 Steel 100 FALSE 0 0 0 9
777 P-63 JM3 J-30 250 Steel 100 FALSE 0 0 0 10
778 P-65 J-31 J-32 600 Steel 100 FAL$E 0.172 0.1 .0010 19

77¢ P-66 J-32 J-28 60C Stee 10C FALSE 0.08¢ 0.3 0 19

780 P-67 J-29 J-33 300 Steel 100 FAL$E -0.086 1.1 0.008 16
781 P-68 J-33 J-30 300 Steel 100 FAL$E 0 0 0 19
782 P-69 J-32 JM4 300 Steel 100 FALSE 0.086 1.21  008. 12
783 P-70 JM4 J-33 250 Steel 100 FALSE 0.086 1.74 019. 15
784 P-71 J-28 JM5 300 Steel 100 FALSE 0.086 1.22  008. 13
785 P-72 JMS J-29 250 Steel 100 FALSE 0.086 1.75 019. 14
786 P-75 J-35 J-31 600 Steel 100 FAL$E 0.172 0.1 .0010 16
787 P-77 Jan Meda J-37 600 Steql 10d FALSE 0.323 14 1. 0.003 20
788 P-78 J-37 J-35 600 Steel 100 FAL$E 0.247 0.7 .0020 16
789 P-80 J-38 J-36 250 Steel 100 FAL$E 0.075 1.53 .01%0 14
790 P-79 J-37 JM1 300 Steel 100 FALSE 0.075 1.06  0080. 13

791 P-81 JM1 J-38 25C Stee 10C FALSE 0.07¢ 1.5¢2 0.01f 16

792 P-82 J-35 JM2 300 Steel 100 FALSE 0.016 1.07  0080. 13
793 P-83 JM2 J-36 250 Steel 100 FALSE 0.076 154 01%. 14
794 P-84 J-36 ™ 400 DI 100 FALSE 0.15] 1.2 0.006 ,782
795 P-88 Jan Meda J-42 350 Steql 10d FALSE 0.p 2.08 0.018 23
796 P-89 J-42 J-43 350 Steel 100 FAL$E 0.1 1.04 0%0.0 17
797 P-91 J-43 J-39 350 Steel 100 FAL$E 0 0 0 20|
798 P-92 J-40 J-44 250 Steel 100 FAL$E -0.1 2.04  029. 20
799 P-93 J-44 J-41 250 Steel 100 FAL$E -0.1 2.03  029. 18
800 P-95 J-39 JM9 200 Steel 100 FALSE 0 0 0 12
801 P-96 JM9 J-40 150 Steel 100 FALSE 0 0 0 15
802 P-97 J-43 JM8 200 Steel 100 FALSE 0.1 3.1p .07 13

802 P-98 JME J44 15C Stee 10C FALSE 0.1 5.67 0.30i 14

804 P-99 J-42 JM7 20C Stee 10C FALSE 0.1 3.1¢ 0.07¢ 13

805 P-100 JM7 J-41 150 Steel 100 FALSE 0.1 5.66 08.3 13
806 P-101 J-41 ™ 250 DI 100 FALSE -0.1 2.03 0.025 1,730
807 P-102 ™ J-47 400 Steel 100 FALSE 0.085 0.68  00D. 85
808 P-103 J-47 J-45 400 Stee 100 FALSE 0.085 0.68 0.002 34
809 P-104 J-46 ™2 300 Steel 100 FALSE 0 0 0 15
810 P-106 ™2 J-47 350 Steel 100 FALSE 0 0 0 16
811 P-105 J-45 ™M1 350 Steel 100 FALSE 0.085 0.89 .000 14
812 P-107 ™1 J-48 300 Steel 100 FALSE 0.085 121 .00® 15
813 P-108 J-46 J-48 400 DI 100 FALSE 0 0 0 34
814 P-109 J-48 EN 400 DI 100 FALSE 0.085 0.6§ 0.002 1,246
815 P-110 ™ J-50 200 Steel 100 FALSE 0.205 6.51  283. 43
81¢€ P-111 J-50 J49 20C Stee 10C FALSE 0.20¢ 6.51 0.28:¢ 40

817 P-113 J-52 J-51 150 Stee 100 FALSE -0.1 5.06 .3060 38
818 P-115 J-50 T™M4 150 Steel 100 FALSE 0 0 0 12
819 P-116 T™M4 J-52 125 Steel 100 FALSE 0 0 0 12
820 P-117 J-49 ™3 150 Steel 100 FALSE 0.205 11.%8 1.151 12
821 P-118 T™M3 J-51 125 Steel 100 FALSE 0.205 16.67 2.797 13
822 P-119 J-51 E15 200 DI 100 FALSE 0.00p 0.1% 0 054,
823 P-120 E15 RK 150 DI 100 FALSE 0 0 0 1,437
824 P-122 Jan Meda J-132 350 DI 100 FALSE 0.1 1.04 0.005 1,075
825 P-123 ™ T12 400 DI 100 FALSE 0.189 15 0.008 3 6
826 P-126 T12 SP15 250 DI 100 FALSE 0.002 0.0p 0 442,
827 P-127 T12 T13 400 DI 100 FALSE 0.15 1.26 0.006 130
82¢ P-13C EN J-63 40C DI 10C FALSE 0.13¢ 1.11 0.00¢ 25

82¢ P-131 J-63 B14 20C DI 10C FALSE 0.05] 1.82 0.02i 1,88¢
830 P-132 J-63 J-65 200 Stee 100 FALSE 0.082 2.62 0.052 27
831 P-135 B14 SP16 150 DI 100 FALSE 0.002 0.14 0 032,
832 P-136 J-65 J-67 150 Stee 100 FALSE 0.046 2.61 0.073 22
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833 P-137 J-67 J-64 150 Stee 100 FALSE 0 0 0 20
834 P-139 J-68 R1 150 DI 100 FALSE -0.054 3.0% D09 1,244
835 P-140 J-67 Entotol 150 Stee 100 FALSE 0.046 61 2. 0.073 18
836 P-141 Entotol J-68 125 Stee 100 FALSE 0.046 76 3. 0.177 16
837 P-142 J-64 Entoto2 150 Stee 100 FALSE 0 0 0 19
83¢ P-14: Entotoz J-68 12¢ DI 10C FALSE 0 0 0 33

839 P-145 MO SP17 350 DI 100 FALSE 0.096 1 0.00p 6 55
840 P-146 MO J-72 400 Steel 100 FALSE 0.2 1.59 9.0¢ 38
841 P-148 J-72 J-73 300 Stee 100 FALSE 0 0 0 28
842 P-150 J-71 J-74 300 Stee 100 FALSE 0.1 141 010. 27
843 P-151 J-72 MO1 300 Steel 100 FALSE 0.2 2.88 38.0 12
844 P-152 MO1 J-71 250 Steel 100 FALSE 0.2 4.0¢ 92.0 12
845 P-153 J-73 MO2 300 Steel 100 FALSE 0 0 0 12
846 P-154 MO2 J-74 250 Steel 100 FALSE 0 0 0 11
847 P-155 J-74 T-14 300 DI 100 FALSE 0 0 0 3,03
848 P-156 MO J-75 300 DCI 100 FALSE 0.105 1.4¢4 P.01 41
849 P-157 J-75 MO3 300 Steel 100 FALSE 0.105 1.49 .01 20
85C P-15¢ MO3 J76 25C Stee 10C FALSE 0.10¢ 2.1t 0.02¢ 18

851 P-160 L35 J-79 600 DI 100 FALSE 0.05% 0.2 0 42,1
852 P-162 M23 J-81 250 Steel 100 FALSE 0 0 0 37
853 P-161 J-79 J-82 500 DI 100 FALSE 0.091 0.46 0D.0 954
854 P-163 J-82 J-78 500 DI 100 FALSE 0.091 0.46 0D.0 45
855 P-164 J-81 ME2 300 Steel 120 FALSE 0 0 0 17
856 P-165 ME2 J-82 400 Steel 120 FALSE 0 0 0 12
857 P-169 J-78 ME1 400 Steel 120 FALSE 0.009 0.08 0 13

858 P-170 ME1 M23 300 Steel 100 FALSE 0.009 0.18 0 16

860 P-174 M19 J-78 600 DI 110 FALSE -0.008 0.01 0 347
869 P-184 R1 J-90 150 DCI 100 FALSE 0.01 0.59 0.005 32
870 P-185 J-90 R1(1) 125 Steel 100 FAL$E 0.0n 0.86 0.011 19
871 P-18¢ R1(1) Elc 10C Stee 10C FALSE 0.01 1.34 0.03¢ 20

872 P-187 ElZ R2 12t DI 9C FALSE 0.00¢ 0.4£ 0.00¢ 41C
873 P-188 R2 J-92 100 DCI 100 FALSE 0 0 0 22
874 P-190 El4 R3 100 Gl 90 FALSE 0 0 0 472
875 P-189 J-92 R2(1) 100 Steel 100 FAL$E 0.002 029 O 16
876 P-191 R2(1) E14 80 Steel 100 FALSE 0.002 0.45 0 19
913 P-250 L112 C45 300 Steel 100 FALSE 0.114 1.61 .01 63
914 P-251 C45 UR1 250 Steel 100 FALSE 0.114 2.32  03D. 17
915 P-252 UR1 J-55 200 Steel 100 FALSE 0.114 3.63 .0960 19
935 P-287 L112 L116 900 Steel 90 FALSE 0.767 1.2 003. 457
936 P-289 L116 L46 450 DI 90 FALSE 0.563 3.54 0.043 1,331
937 P-288 L116 L36 250 Steel 90 FALSE 0.201 4.1 19.1 588
938 P-290 L36 L35 900 Steel 100 FALSE 0.096 0.1 0 213
93¢ P-292 L40 L41 40C DI 11C FALSE 0.02¢ 0.2 0 1,064
940 P-294 L37 L44 300 DI 110 FALSE 0.047 0.64 0.002 2,498
941 P-296 L47 L46 450 DI 90 FALSE -0.5 3.14 0.034 387
942 P-299 L44 L45 200 DI 90 FALSE 0.047 15 0.023 625
944 P-301 L44 L42 200 DI 90 FALSE -0.008 0.27] 0.001 461
946 P-305 L154 J-79 300 DI 100 FALSE 0.00P 0.12 0 26 6
947 P-306 J-79 L113 300 DI 100 FALSE 0.034 0.4 00.0 995
948 P-307 L113 L69 300 DI 100 FALSE 0.07 1.1] ©.00] 2,859
953 P-316 L81 L83 250 DI 110 FALSE 0.064 1.3 0.009 704
954 P-317 L83 L104 250 DI 90 FALSE 0.023 0.45 0.002 940
955 P-318 L113 J-70 300 DI 100 FALSE -0.076 1.07 006. 57
956 P-319 J-70 J-78 300 DI 100 FALSE -0.076 1.0y 00®. 47
957 P-32C L104 J70 30C DI 10C FALSE 0 0 0 87%
95¢ P-322 L112 L27 25C DI 11C FALSE 0.05¢ 1.1z 0.00i 2,00¢
960 P-324 L20 L24 200 DI 110 FALSE 0.014 0.45 0.002 800
961 P-325 L69 L70 300 DI 110 FALSE 0.073 1.03 0.00p 76
962 P-326 L70 L81 300 DI 110 FALSE 0.067 0.95 0.004 856
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964 P-328 L20 L19 400 DI 100 FALSE 0.111 0.88 0.008 770
965 P-330 L19 L18 200 DI 110 FALSE 0.073 2.33 0.035 607
966 P-332 J-80 L112 900 Steel 90 FALSE 0.958 1.51 .0049 563
967 P-333 J-80 L26 200 DI 100 FALSE 0.029 0.91 0.0 2,077
977 P-344 L35 L155 400 DI 100 FALSE 0.02 0.14 0 455
97¢ P-34¢ L155 L154 40C DI 10C FALSE 0.01:¢ 0.11 0 127
979 P-346 L37 L38 600 DI 110 FALSE 0.057 0.19 0 616
980 P-347 L38 L40 600 DI 110 FALSE 0.033 0.12 0 345
981 P-348 L155 L38 200 DI 110 FALSE 0.00¢§ 0.14 0 740
982 P-350 L154 L108 300 Steel 90 FALSE 0.002 0.08 0 796
1014 P-428 J-27 J-138 150 DI 100 FALSE 0.078 439  .19D 100
1027 P-460 L130 J-127 400 DI 100 FALSE 0.442 3.52 .040 2,732
1028 P-461 J-127 J-125 400 DI 90 FALSE 0.144 115  .00® 1,458
1029 P-463 J-125 J-126 400 DI 100 FALSE 0 0 0 20
1030 P-464 J-126 J-124 350 DI 90 FALSE  -0.039 0.4 .00D 562
1031 P-465 J-125 J-123 150 DI 90 FALSE  -0.026 1.45 0.03 1,365
1032 P-466 J-123 J-124 150 DI 100 FALSE -0.041 2.33 0.059 1,165
103¢ P-467 J124 J-12¢ 35C DI 10C FALSE | -0.11¢ 1.2t 0.00i 1,36¢
1034 P-468 J-129 J-131 350 DI 100 FALSE -0.164 1.7 0.012 689
1035 P-469 J-129 J-122 150 DI 90 FALSE 0.033 1.87 .04® 1,107
1036 P-470 J-122 J-123 150 DI 90 FALSE 0.035 1.98 .053 473
1037 P-471 J-122 J-120 250 DI 100 FALSE -0.012 024 O 478
1038 P-472 J-120 J-121 150 DI 100 FALSE 0.11 6.2 .364 654
1039 P-473 J-120 J-115 300 DI 90 FALSE  -0.209 295 0.05 860
1040 P-474 J-115 J-116 500 DI 100 FALSE -0.483 2.46 0.016 629
1041 P-475 J-116 J-130 500 DI 100 FALSE -0.486 2.48 0.016 783
1042 P-476 J-118 J-117 200 Stee| 100 FALSE 0.003 42 0. 0.002 393
1043 P-478 J-116 J-117 200 DI 100 FALSE 0 0 0 11
1044 P-479 J-130 J-133 800 DI 100 FALSE -0.491 0.98 0.002 143
104¢ P-48C J13¢ J-132 35( DI 10C FALSE 0.25¢ 2.7 0.02¢ 44
104¢ P-481 J13z J-131 35C DI 10C FALSE 0.35¢ 3.7z 0.05:2 63
1047 P-483 J-118 J-134 150 Stee| 90 FALSE 0.0p4 8 1. 0.027 526
1048 P-485 J-131 J-119 300 DI 90 FALSE 0.192 272 043 667
1049 P-487 J-119 T3 200 DI 80 FALSE 0.02 0.65% 0.006 1,366
1050 P-488 J-119 J-118 200 DI 100 FALSE 0.04 1.28 .019 407
1051 P-490 T9 T8 250 DI 90 FALSE -0.016 0.32 0.00pL 1,287
1052 P-491 T12 T10 200 DI 100 FALSE 0.028 0.73 9.00 1,222
1053 P-493 T8 T10 150 DI 80 FALSE 0.004 0.2 0.001L 60 9
1054 P-494 T10 T5 150 DI 90 FALSE 0.009 0.53 0.00p 260
1055 P-495 T8 T7 250 DI 90 FALSE -0.031L 0.63 0.004 84
1056 P-496 T7 T1 250 DI 90 FALSE 0.02 0.41 0.002 8 86
1057 P-499 Tl T6 150 DI 90 FALSE 0.01 0.57] 0.00% 131,
105¢ P-50C T6 T7 25C DI 9C FALSE | -0.05% 1.0¢ 0.01 761
1059 P-501 IC5 IC1 200 DI 80 FALSE -0.006 0.2 0.001 530
1060 P-502 IC1 SP17 350 DI 90 FALSE -0.067 0.7 .00 169
1061 P-503 IC1 IC2 350 DI 80 FALSE 0.055 0.57 0.00p 359
1062 P-504 IC2 IC3 300 DI 90 FALSE 0.047 0.59 0.008 234
1063 P-505 IC3 IC4 200 DI 90 FALSE 0.017 0.38 0.00p 205
1064 P-506 SP17 1C6 200 DI 90 FALSE 0.00p 0.2 0.001 213
1065 P-507 T6 SP27 500 DI 100 FALSE 0.205 1.04 .00 1,642
1066 P-508 SP27 MO 500 DI 100 FALSE 0.20p 1.04 $.00 57
1076 P-524 L20 L23 200 DI 100 FALSE 0.047 1.48 8.01 637
1077 P-525 L18 L160 150 DI 90 FALSE 0.024 1.3§ 0.02 483
1078 P-526 L18 L16 150 DI 100 FALSE 0.024 1.3§ 0.02 640
107¢ P-52¢ L13 L22 90C Stee 94 FALSE 0.27i 0.4 0 2,661
108( P-52¢ L13 L8 20C DI 12C FALSE 0.12¢ 4.0¢ 0.08¢ 1,54¢
1081 P-530 L8 L9 150 PVC 120 FALSE 0.11 6.2 0.258 46 6
1082 P-531 L8 L7 150 PVC 120 FALSE 0.009 0.53 0.008 376
1083 P-532 J-7 L11 900 Steel 90 FALSE 0.7]]4 1.1 00D. 5,178
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1084 P-534 L11 L5 350 DI 100 FALSE 0.111 1.14 0.006 1,209
1085 P-535 L5 L6 250 PVC 120 FALSE 0.009 0.19 0 754
1086 P-536 L5 L3 250 PVC 120 FALSE 0.092 1.88 0.016 839
1087 P-537 L3 L4 250 PVC 120 FALSE 0.01 0.37% 0.000 173
1088 P-538 L11 L10 350 DI 100 FALSE 0.02¢ 0.27 0 084,
110(¢ P-554 T11 T18 15C DI 10C FALSE | -0.01¢ 0.81 0.00¢ 1,09
1101 P-555 T19 T4 150 DI 100 FALSE 0.01 0.57 0.004 717
1102 P-556 J-133 T19 150 DI 100 FALSE 0.034 1.94 04D. 30
1108 P-666 J-110 J-109 150 DI 90 FALSE 0.011 0.6 .00® 864
1115 P-852 L31 L30 150 DI 100 FALSE -0.018 0.74 0@.0 226
1116 P-654 RK7 RK10 50 PVC 110 FALSE -0.002 1.2 5R.0 377
1128 P-585 B7 SP26 150 Gl 90 FALSE 0.109 6.14 0.436 2,909
1134 P-673 J-107 J-106 150 Gl 80 FALSE | -0.028 1.59 0.044 618
1139 P-831 RK15 RK14 100 Gl 90 FALSE | -0.024 3 0.192 0
1142 P-583 B10 B9 110 PVC 110 FALSE 0 0 0 699
1144 P-634 J-142 J-143 400 Stee| 80 FALSE -0.129 03 1. 0.006 154
1148 P-671 J-143 J-108 200 PVC 110 FALSE 0.087 2.16 0.049 1,195
114¢ P-66( RK8 RK7 5C PVC 11C FALSE | -0.001 0.5¢ 0.014 702
1153 P-658 RK9 RK8 50 PVC 110 FALSE 0 0.08 0 812
1164 P-685 Gl J-144 150 Stee 80 FAL$E -0.0p9 0.52 0.005 97
1165 P-672 J-108 J-107 150 DI 90 FALSE 0.013 0.72 .00® 404
1171 P-830 RK20 RK15 100 Gl 90 FALSE -0.022 2.84 .168 371
1173 P-576 B8 Bl 100 PVC 110 FALSE 0.011 1.43 0.033 1,647
1175 P-854 L30 L29 125 Gl 100 FALSE 0.013 1.03 6.01 247
1177 P-678 J-112 J-113 350 DI 90 FALSE  -0.202 2.1 .02D 938
1183 P-849 L33 L32 200 DI 100 FALSE -0.018 0.4 @.00 420
1184 P-686 J-144 L109 100 Gl 90 FALSE 0.002 0.3 003. 1,042
1195 P-758 L1 L2 125 DI 100 FALSE -0.02% 2 0.05§ 047
1198 P-677 J-106 J-112 300 DI 90 FALSE 0 0 0 900
119¢ P-584 B1Q B11 20C DI 9C FALSE 0.00¢ 0.14 0 404
120z P-70¢ J14¢ J-84 40C Stee 8C FALSE | -0.22¢ 1.7¢ 0.01i 384
1203 P-704 J-84 J-137 500 DI 90 FALSE  -0.015 0.0 0 455
1205 P-706 R3 E2 50 PVC 110 FALSE 0 0 0 281
1206 P-708 E3 R2 100 DI 90 FALSE 0 0 0 157
1207 P-710 R1 E4 100 PVC 110 FALSE 0.024 3.1 0.135 90
1208 P-711 El R3 75 Gl 90 FALSE 0 0 0 262
1209 P-712 EN E16 100 Gl 90 FALSE 0.008 0.9¢ 0.024 293
1210 P-718 RK10 RK9 75 Gl 90 FALSE 0.007 1.58 0.082 358
1211 P-713 RK RK14 100 Gl 90 FALSE 0 0 0 769
1212 P-716 RK21 RK13 150 DI 90 FALSE 0.003 0.2 g.00f 1,101
1213 P-717 RK13 RK22 150 DI 50 FALSE 0.026 1.47 90.0 1,945
1214 P-719 RK RK13 250 DI 15 FALSE 0 0 0 307
121¢ P-72C RK13 RK21 15C DI 9C FALSE | -0.00% 0.2 0.00z 1,122
1216 P-721 RK20 RK21 100 Gl 90 FALSE 0.02 2.51 R.12 180
1217 P-722 B7 T-14 250 DI 80 FALSE 0 0 0 62
1218 P-723 B7 B9 125 Gl 90 FALSE 0.00¢ 0.49 0 659
1237 P-749 J-142 J-86 400 Stee| 80 FALSE 0.08 0.4 0.003 482
1238 P-750 J-86 J-110 200 DI 90 FALSE 0.024 0.76  00D. 580
1239 P-751 J-86 J-110 250 DI 90 FALSE 0.042 0.86  00®. 611
1240 P-752 J-110 J-109 250 DI 90 FALSE 0.042 0.85 .00® 903
1241 P-753 J-109 J-105 250 DI 90 FALSE 0.079 1.6 .020 1,101
1242 P-754 J-105 J-106 300 DI 90 FALSE 0.052 0.73 .008 165
1243 P-755 J-108 J-79 200 DI 90 FALSE 0.062 1.98 03®. 833
1244 P-756 J-108 J-107 150 DI 90 FALSE 0.008 0.46 .000 899
124¢ P-757 J14z J-111 30C DI 9C FALSE 0.041 0.5¢ 0.00: 361
124¢ P-75¢ J111 J-10¢ 20C DI 9C FALSE 0.03¢ 1.04 0.01z 83¢
1247 P-760 J-84 J-112 350 DI 90 FALSE -0.08 0.88 0049. 1,487
1248 P-761 J-84 J-135 150 Stee| 90 FALBE  -0.003 70.1 0.001 461
1249 P-764 J-135 J-134 150 Stee]| 90 FALBSE -0.022 25 1. 0.023 195
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1250 P-769 J-141 J-137 500 DI 90 FALSE 0 0 0 899
1251 P-770 J-137 J-135 150 DI 90 FALSE  -0.017 0.95 0.014 18
1252 P-771 J-119 J-136 300 DI 90 FALSE 0.129 1.82 .020 766
1253 P-773 J-136 J-84 300 DI 90 FALSE 0.127 1.7p 020. 468
1254 P-775 J-135 J-136 150 DI 90 FALSE 0 0 0 21
125¢ P-77¢ J117 J-114 20C Stee 10C FALSE 0.00¢ 0.3 0.001 37¢
1256 P-781 J-114 PG 200 Stee 100 FALSE  -0.024 0.77 0.005 108
1257 P-783 J-114 J-120 150 DI 100 FALSE 0.026 1.45 0.025 1,063
1258 P-784 J-120 J-122 150 DI 100 FALSE 0.003 017 O 490
1259 P-785 J-144 J-113 150 DI 100 FALSE -0.054 3.07 0.098 716
1260 P-786 J-113 J-115 400 DI 100 FALSE -0.266 2.12 0.016 521
1261 P-787 G2 Gl 150 DI 100 FALSE  -0.058 3.02 0.096 376
1262 P-804 PG Gl 200 DI 100 FALSE 0.094 2.99 0.07 942
1263 P-806 L38 L157 200 DI 110 FALSE 0.018 0.57 08.0 378
1264 P-807 L157 L42 200 DI 110 FALSE 0.016 0.5 Q.00 1,878
1265 P-808 L157 L37 150 Steel 80 FALSE -0.004 0.2 0.001 829
1266 P-805 L36 L153 600 DI 110 FALSE 0.108 0.36 0 902
1261 P-80¢ L153 L37 60C DI 11C FALSE 0.10¢ 0.37 0 84
1268 P-810 L35 L34 400 DI 100 FALSE 0.019 0.15 0 913
1269 P-811 L153 L34 200 DI 100 FALSE  -0.00p 0.1§ 0 174
1270 P-813 L34 L153 200 DI 100 FALSE 0.006 0.1 0 771
1271 P-814 L153 L37 150 Steel 80 FALSE 0.002 0.1 0 102
1272 P-815 L34 L153 200 Steel 90 FALSE 0.005 0.1p 0 207
1273 P-816 L153 L47 200 DI 100 FALSE 0.03 0.96 8.00 2,046
1274 P-817 L47 L45 350 DI 100 FALSE 0.044% 0.47 0.00 1,234
1275 P-818 L153 L47 200 DI 100 FALSE 0.03 0.94 8.00f 2,070
1276 P-819 L153 L46 250 DI 100 FALSE  -0.04p 1.01 004@. 1,291
1277 P-820 L30 L28 250 DI 100 FALSE -0.038 0.78 0a.0 604
1278 P-821 L19 L32 400 DI 100 FALSE 0.02% 0.2 0 82,7
127¢ P-822 L28 L47 20C DI 10C FALSE | -0.00¢ 0.14 0 2,05¢
128( P-82¢ L42 L43 20C DI 11C FALSE | -0.001 0.0z 0 15¢
1282 P-825 L43 L41 150 DI 100 FALSE -0.00p 0.48 08.0 1,455
1283 P-826 J-79 L156 150 Gl 90 FALSE 0.001L 0.08 0 916
1284 P-827 L113 L82 200 DI 100 FALSE O.OZJ[7 0.81 0.0 2,150
1285 P-828 L82 L79 125 Steel 100 FALSE 0.01l9 1.5 .03® 385
1286 P-829 L83 L79 150 DI 100 FALSE -0.01 0.56 @.00 490
1293 P-838 L83 L84 200 DI 90 FALSE 0.00¢4 0.28 0.001 944
1308 P-868 L104 L105 150 DI 100 FALSE 0.018 1.04 018. 505
1325 P-885 J-78 M18 300 DI 100 FALSE 0.00B8 0.04 0 787
1327 P-887 SP27 J-76 300 DI 100 FALSE 0 0 0 173
1329 P-889 J-76 SP12 300 DI 120 FALSE 0.105 1.49  008. 854
1337 P-898 IC7 J-86 400 Steel 90 FALSE -0.014 o1m@ 0 257
133¢ P-897 L114 L115 90C Stee 9C FALSE 0.99¢ 1.57 0.00¢ 611
1339 P-899 L115 J-80 900 Steel 90 FALSE 0.986 1.55 0.004 2,300
1340 P-900 J-91 L115 150 Steel 90 FALSE 0 0 0 404
1341 P-901 J-87 J-128 150 Gl 90 FALSE 0.021 1.18  02D. 2,182
1342 P-902 L14 L114 900 Steel 90 FALSE 1.273 2 0.0 1,423
1343 P-903 L15 L14 150 DI 100 FALSE -0.01p 0.85 00.0 700
1344 P-904 L11 L12 900 Steel 94 FALSE 0.507 0.9 0D.0 906
1345 P-905 L12 L13 900 Steel 94 FALSE 0.439 0.69 00D. 781
1405 P-965 J-141 J-130 800 DI 100 FALSE -0.003 0.01 0 384
1406 P-966 B7 B13 200 DI 60 FALSE 0.047 1.5] 0.04p 794
1407 P-967 B13 B4 200 DI 90 FALSE 0.041 1.3] 0.04p 464
1408 P-968 J-127 J-139 150 DI 100 FALSE 0.008 0.48 0.003 984
140¢ P-96¢ J-13¢ J-14C 15C DI 10C FALSE | -0.01¢ 0.7¢ 0.00¢ 99¢
141(¢ P-97C J-14C J-12¢ 15C DI 10C FALSE | -0.02¢ 1.6¢€ 0.031 86¢
1411 P-971 J-55 G3 200 DI 100 FALSE 0.014 0.4% .00 520
1412 P-972 G3 Gl 200 DI 100 FALSE  -0.023 0.7% 0.005 1,005
1413 P-973 G4 G5 200 DI 90 FALSE  -0.01p 0.3§ 0.002 928
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1414 P-974 G5 G6 200 DI 90 FALSE  -0.03B 1.2 0.01p 68 7
1415 P-975 G6 PG 200 DI 90 FALSE -0.049 1.5§ 0.024 374
1416 P-976 T13 T15 150 DI 100 FALSE 0.018 1 0.01R 314
1417 P-977 T15 Tl 150 DI 100 FALSE  -0.001 0.06 0 758
1418 P-978 T13 T14 400 DI 100 FALSE 0.13% 1.07 4.00 427
141¢ P-97¢ T14 T7 40C DI 10C FALSE 0.11¢ 0.97 0.00¢ 604
1420 P-980 J-29 T16 500 DI 100 FALSE 0.17p 0.8Y 02.0 590
1421 P-981 T16 T6 500 DI 100 FALSE 0.152 0.71 0.002 495
1422 P-982 Jan Meda| T17 800 DI 100 FALSE 0.807 1.6 0.004 539
1423 P-983 T17 J-133 800 DI 100 FALSE 0.787 1.56 004. 442
1424 P-984 T10 T18 200 DI 100 FALSE 0.008 0.25% 0.00 520
1425 P-985 T18 T9 200 DI 100 FALSE  -0.001 0.04 0 6 58
1431 P-991 L28 L110 400 DI 110 FALSE  -0.02) 0.21 0 1,334
1432 P-992 L110 L47 400 DI 110 FALSE  -0.03f 0.2 0 638
1433 P-993 L47 L111 400 DI 100 FALSE 0.03 0.24 0 492,
1434 P-994 L111 L28 400 DI 100 FALSE 0.02 0.14 0 651
1437 P-997 L125 J-87 150 Gl 90 FALSE 0.0211 1.18 2D0.0 43
143¢ P-99¢ L2 L3 12t DI 10C FALSE | -0.05:% 4.31 0.22¢ 36
1441 P-636 J-65 E12 150 DI 100 FALSE 0.036 2.04 4®.0 99
1442 P-637 E12 B14 150 DCI 100 FALSE 0.02p 1.46 29.0 1,783
1447 P-643 L117 FCV-1 900 Steel 100 FALSE 1.304 52.00 0.006 16
1448 P-644 FCV-1 L14 900 Steel 90 FALSE 1.304 2.06 0.007 1,046
1449 P-646 J-101 RK10 75 Gl 90 FALSE 0.01p1 2.39 78.1 622
1450 P-645 RK PMP-47 75 Gl 90 FALSE 0 0 0 21
1451 P-647 PMP-47 J-101 75 Gl 90 FALSE 0.074 16.69 5.935 19
1452 P-648 T-14 PMP-48 100 DI 90 FALSE 0 0 0 23
1453 P-649 PMP-48 B8 100 DI 90 FALSE 0.05f 7.32 26.0 24
1454 P-650 RK PMP-49 150 DCI 100 FALSE 0 0 0 27
1455 P-651 PMP-49 J-101 150 DCI 100 FALSE 0.037 920 0 29
145¢ P-652 T-14 PMF-50 10C Stee 10C FALSE 0 0 0 29
1457 P-65¢ PMF-5C B8 10C Stee 10C FALSE 0.05i 7.32 0.71¢ 34
1460 P-582a B7 J-104 90 DI 80 FALSE 0.07)7 12.97 63.7 16
1461 P-582 J-104 B10 250 DI 90 FALSE 0.07)7 1.56 1D.0 1,161
LAGA DI
1478 P-1 R-1 TANK 600 130 FALSE 0.238 0.84 0.001 9,149
LAGA DI
1479 P-2 R-2 TANK 900 130 FALSE 2.932 4.61 0.016 126
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Figure B. 6Velocity Map of Links for Peak hour +-Hr Fire Demand Scenario, EPS Analy

Scenario: Peak hour + 1-Hr Fire flow
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FUTURE WATER REQUIREMENT IS CHECKED FOR THE EXISTIN G DEMAND, 2020 AND 2025

Appendix A .11 Nodes EPS Analysis Results at Peak Hour Demand+ireHitow & Future

Demand, 2025

Current Time: 14 hours

ID Label Elevation Demand Demand Hydraulic Grade Pressure
(m) Pattern (m3/s) (m) (m H20)

129 C1l 2,410.00 0.000 2,422.39 1236
130 Cla 2,410.00 0.000 2,422.89 12|36
131 J-4 2,410.00 0.000 2,423.03 13/00
132 J-5 2,410.00 0.000 2,422.88 12/86
133 J-6 2,400.00 0.000 2,419.14 19/10
134 J-7 2,400.00 0.000 2,419.04 19/00
135 L22 2,406.00 D 0.031 2,404.27 -1.V3
136 L117 2,406.00 0.000 -207,374.22 -209,357.67
137 L114 2,375.00 D 0.014 -207,374.20 -209,326.72
138 L20 2,351.00 D 0.137 -207,380.93 -209,309.47
139 L118 2,402.00 D&F 0.142 2,464.98 62.85
140 L119 2,402.00 0.000 2,404.14 2.14
141 L120 2,402.00 D&F 0.142 2,464.$8 62.85
142 L121 2,402.00 D&F 0.142 2,464.98 62.85
143 L122 2,402.00 0.000 2,404.14 2.14
144 L123 2,402.00 0.000 2,404.14 2.14
145 L124 2,402.00 0.000 -11,617.97 -13,991173
146 L125 2,404.00 0.000 -11,558.72 -13,934(59
147 L126 2,402.00 0.000 -11,589.45 -13,963/27
148 L127 2,402.00 0.000 -15,937.90 -18,302,96
149 L128 2,402.00 0.000 -11,610.89 -13,984167
150 L129 2,402.00 0.000 -15,937.90 -18,302,96
151 L130 2,402.00 0.000 -15,958.79 -18,323/81
152 J-131 2,427.00 D 0.003 -180,507 46 -182,56%.98
153 J-124 2,420.00 D 0.054 -179,373.89 -181,427.70
154 J-27 2,400.00 0.000 2,404.17 416
155 J-28 2,460.00 0.000 2,434.97 -24198
156 J-29 2,460.00 0.000 2,488.72 28|66
157 J-30 2,460.00 0.000 2,488.72 28|66
158 J-31 2,460.00 0.000 2,434.97 -24198
159 J-32 2,460.00 0.000 2,434.97 -24198
160 J-33 2,460.00 0.000 2,488.72 28|66
161 J-35 2,460.00 0.000 2,434.97 -24198
162 J-36 2,460.00 0.000 2,508.80 48(20
163 J-37 2,460.00 0.000 2,434.97 -24198
164 J-38 2,460.00 0.000 2,508.80 48(20
165 J-39 2,460.00 0.000 1,783.94 -674{70
166 J-40 2,460.00 F 0.142 1,858.97 -599(82
167 J-41 2,460.00 F 0.142 1,863.05 -595|75
168 J-42 2,460.00 0.000 1,783.94 -674{70
169 J-43 2,460.00 0.000 1,783.94 -674{70
170 J-44 2,460.00 F 0.142 1,859.p4 -598|85
171 J-45 2,507.00 0.000 2,508.02 1/02
172 J-46 2,507.00 0.000 2,566.40 59(28
173 J-47 2,507.00 0.000 2,508.10 1/10
174 J-48 2,507.00 0.000 2,566.40 59(28
175 J-49 2,507.00 0.000 2,463.84 -43|57
176 J-50 2,507.00 0.000 2,484.91 -22/05
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177 J-51 2,507.00 F 0.142 -121.64 -2,623,35
178 J-52 2,507.00 F 0.142 -144.19 -2,645|85
179 E15 2,564.00 D 0.007 -122.15 -2,680{74
180 J-133 2,432.00 D 0.003 -180,518.22 -182,581.71
181 J-132 2,433.00 D 0.003 -180,513.80 -182,578.30
182 T7 2,473.00 D 0.017 2,499.29 26.p4
183 T12 2,512.00 D 0.008 2,507.44 -4.55
184 T9 2,459.00 D 0.020 2,496.06 36.99
185 SP15 2,490.00 D 0.003 2,507.B2 17(29
186 T13 2,510.00 D 0.008 2,506.04 -3.95
187 Tl 2,469.00 D 0.013 2,496.90 27.84
188 B14 2,536.00 D 0.000 2,536.00 0.p0
189 J-63 2,560.00 0.000 -147,944,262|91 -1478348875
190 J-64 2,560.00 0.000 -147,944,262|91 -147834875
191 J-65 2,560.00 0.000 -147,944,262|91 -147834875
192 SP16 2,490.00 D 0.000 2,490.00 0j00
193 J-67 2,560.00 0.000 -147,944,262|91 -147834875
194 J-68 2,560.00 F 0.000 2,560.00 0/00
195 L35 2,345.00 D 0.004 -206,981.32 -208,904.67
196 SP17 2,476.00 D 0.032 2,483.68 7|66
197 J-71 2,483.00 F 0.142 1,931.p1 -550{88
198 J-72 2,483.00 0.000 2,487.88 4,87
199 J-73 2,483.00 0.000 2,487.88 4187
200 J-74 2,483.00 F 0.142 1,930.48 -551140
201 J-75 2,483.00 0.000 2,487.89 4)38
202 J-76 2,483.00 0.000 2,494.76 11{74
204 J-78 2,352.00 0.000 -206,933.84 -208,864.29
205 J-79 2,340.00 0.000 -206,932.42 -208,850.89
206 M23 2,352.00 D 0.014 -206,893.92 -208,824.44
207 J-81 2,352.00 0.000 -206,893.92 -208,824.44
208 J-82 2,352.00 0.000 -206,933.79 -208,864.23
209 M18 2,345.00 D 0.004 -206,933.86 -208,857.33
211 M19 2,345.00 D 0.004 -206,933.84 -208,857.31
215 J-90 2,637.00 0.000 -3,812,123,85 -3,80785/76.
216 E13 2,637.00 D 0.000 2,637.00 0.00
217 J-92 2,682.00 0.000 -3,433,62747 -3,4298387.
218 El4 2,682.00 D 0.000 2,682.00 0.00
243 L37 2,349.00 D 0.004 -206,987.22 -208,914.56
244 L112 2,350.00 D 0.032 -207,370.74 -209,298.31
245 C45 2,350.00 0.000 -207,370./4 -209,298.31
246 J-55 2,350.00 F 0.142 -183,949.85 -185,924.58
247 J-118 2,423.00 D 0.004 -181,002.89 -183,056.42
256 L28 2,325.00 D 0.018 -207,377.73 -209,280.33
257 L116 2,332.00 D 0.004 -207,369.98 -209,279.59
258 L46 2,335.00 D 0.019 -207,368.36 -209,280.95
259 L36 2,336.00 D 0.004 -206,982.63 -208,897.01
260 L40 2,347.00 D 0.012 -206,987.37 -208,912.72
261 L41 2,326.00 D 0.023 -206,988.14 -208,892.52
262 L44 2,311.00 D 0.011 -207,066.01 -208,955.27
263 L47 2,317.00 D 0.631 -207,376.83 -209,271.46
265 L45 2,305.00 D 0.132 -207,367.23 -209,249.90
267 L42 2,300.00 D 0.011 -207,043.65 -208,921.97
269 L154 2,340.00 D 0.003 -206,974.88 -208,893.27
270 L113 2,351.00 D 0.006 -206,935.10 -208,864.56
271 L69 2,283.00 D 0.008 -206,971.54 -208,833.05
276 L81 2,292.00 D 0.005 -206,979.20 -208,849.68
277 L104 2,320.00 D 0.006 -206,995.11 -208,893.49
278 L83 2,316.00 D 0.060 -206,991.64 -208,886/.04
279 J-70 2,352.00 0.000 -206,934.42 -208,864.86
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281 L27 2,339.00 D 0.078 -207,397.67 -209,314.21
282 L24 2,351.00 D 0.020 -207,383.58 -209,312013
283 L70 2,280.00 D 0.008 -206,972.04 -208,830.54
284 L19 2,327.00 D 0.017 -207,385.54 -209,290.13
285 L18 2,332.00 D 0.035 -207,441.32 -209,350.77
286 J-80 2,345.00 0.000 -207,371.38 -209,293.96
287 L26 2,342.00 D 0.041 -207,400.76 -209,320.28
296 L155 2,340.00 D 0.002 -206,976.92 -208,895.29
297 L38 2,349.00 D 0.009 -206,987.32 -208,9141.65
298 L108 2,345.00 D 0.003 -206,974.90 -208,898.28
332 J-138 2,390.00 D 0.110 2,367.55 -22|40
339 J-127 2,387.00 D 0.411 -22,291.82 -24,628.61
340 J-123 2,376.00 D 0.030 -137,512[70 -139,606.92
341 J-125 2,418.00 D 0.242 -23,575./3 -25,941.38
342 J-126 2,418.00 D 0.055 -179,374.99 -181,426.81
343 J-129 2,411.00 D 0.018 -180,049.36 -182,092.84
344 J-122 2,386.00 D 0.018 -178,151.66 -180,174.00
345 J-120 2,371.00 D&F 0.156 -179,569.49 -181.674
346 J-121 2,366.00 D&F 0.156 -180,026 21 -182.824
347 J-115 2,405.00 D 0.012 -180,535[78 -182,572.29
348 J-130 2,425.00 D 0.003 -180,518.39 -182,574.90
349 J-116 2,405.00 D 0.005 -180,528 14 -182,564.67
350 J-117 2,406.00 D 0.005 -180,906.46 -182,943.22
351 J-84 2,410.00 0.000 -181,856.39 -183,895.22
352 J-134 2,411.00 D 0.003 -181,619.66 -183,659.87
353 J-119 2,431.00 D 0.004 -181,002.89 -183,064.41
354 T3 2,440.00 D 0.029 -181,018.66 -183,089.13
355 T11 2,410.00 D 0.020 -180,538.87 -182,579.87
356 T4 2,435.00 D 0.014 -180,526.62 -182,593.09
357 T8 2,472.00 D 0.017 2,498.69 26.63
358 T10 2,472.00 D 0.013 2,496.62 2457
359 T5 2,455.00 D 0.013 2,494.34 39.p6
360 T6 2,460.00 D 0.014 2,488.16 28.]70
361 IC5 2,437.00 D 0.009 2,482.06 44.97
362 IC1 2,472.00 D 0.009 2,482.16 10.74
363 IC2 2,463.00 D 0.019 2,481.07 18.p3
364 IC3 2,450.00 D 0.043 2,479.93 29.87
365 IC4 2,432.00 D 0.017 2,479.24 47115
366 1C6 2,465.00 D 0.009 2,483.46 18.42
367 SP27 2,491.00 0.000 2,488.67 -2|43
378 L23 2,352.00 D 0.066 -207,403.26 -209,332.76
379 L160 2,334.00 D 0.035 -207,466.62 -209,378.02
380 L16 2,327.00 D 0.035 -207,468.92 -209,373.34
381 L13 2,387.00 D 0.048 2,404.52 17.49
382 L8 2,340.00 D 0.013 2,151.22 -188.40
383 L9 2,332.00 F 0.156 1,830.95 -500.04
384 L7 2,363.00 D 0.013 2,149.27 -213.80
385 L11 2,382.00 D 0.100 2,405.85 23.80
386 L5 2,362.00 D 0.013 2,391.92 29.86
387 L6 2,365.00 D 0.013 2,391.59 26.54
388 L3 2,360.00 D 0.031 2,366.65 6.64
389 L4 2,360.00 D 0.026 2,366.40 6.88
390 L10 2,392.00 D 0.037 2,405.02 12.p9
397 T19 2,430.00 D 0.014 -180,520.70 -182,582.19
398 RK22 2,431.00 D 0.000 2,431.00 0.p0
403 J-144 2,364.00 D 0.061 -183,245[72 -185,235.86
405 RK7 2,511.00 D 0.000 2,511.00 0.00
412 G4 2,351.00 D 0.000 2,351.00 0.p0
413 L156 2,347.00 D 0.002 -206,932.59 -208,858.05
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421 J-87 2,404.00 0.000 -11,560.42 -13,936.29
422 L31 2,320.00 D 0.018 -207,385.67 -209,283(.28
424 SP26 2,493.00 D&F 0.000 2,493.00 0j00
425 RK20 2,500.00 D 0.000 2,500.00 0.p0
426 RK15 2,522.00 D 0.000 2,522.00 0.p0
427 J-143 2,423.00 D 0.011 -182,243.06 -184,294.09
428 J-112 2,346.00 D&F 0.173 -181,257 51 -183@33
431 B9 2,582.00 D 0.000 2,582.00 0.00
435 L2 2,360.00 D 0.040 2,350.89 -9.09
438 J-106 2,355.00 D 0.034 -183,659.68 -185,639.99
440 El 2,734.00 D 0.000 2,734.00 0.p0
441 L30 2,320.00 D 0.018 -207,382.78 -209,280.38
443 E4 2,635.00 D 0.000 2,635.00 0.p0
444 L33 2,325.00 D 0.018 -207,387.94 -209,290.53
445 J-128 2,385.00 D 0.030 -11,646.87 -14,003.11
447 B4 2,593.00 D 0.000 2,593.00 0.00
448 J-109 2,385.00 D 0.009 -182,633.95 -184,646.27
452 E3 2,673.00 D 0.000 2,673.00 0.p0
453 L105 2,308.00 D 0.026 -207,007.59 -208,893.97
458 J-141 2,432.00 D 0.004 -180,518.39 -182,581.88
459 L29 2,317.00 D 0.018 -207,390.45 -209,285.06
463 RK21 2,490.00 D 0.000 2,490.00 0.p0
464 J-108 2,353.00 D 0.006 -191,160.84 -193,124.07
467 J-110 2,417.00 D 0.019 -182,40541 -184,450.13
469 E2 2,708.00 D 0.000 2,708.00 0.p0
470 B7 2,631.00 D 0.000 2,631.00 0.00
478 RK8 2,538.00 D 0.000 2,538.00 0.00
479 L15 2,360.00 D 0.021 -207,386.55 -209,324,.06
485 El6 2,547.00 D 0.000 2,547.00 0.00
488 B8 2,636.00 D&F 0.000 2,636.00 0.00
490 RK14 2,523.00 D 0.000 2,523.00 0.p0
493 L79 2,292.00 D 0.013 -206,987.68 -208,858.14
495 RK10 2,553.00 D 0.000 2,553.00 0.p0
501 L1 2,356.00 D 0.035 2,301.08 -54.81
504 J-142 2,424.00 D 0.012 -182,264.09 -184,316.09
505 L109 2,345.00 D 0.003 -183,251.09 -185,222.26
506 J-107 2,379.00 D 0.070 -190,120.54 -192,111.80
507 Bl1l 2,610.00 D 0.000 2,610.00 0.p0
509 G2 2,343.00 D 0.076 -183,681.55 -185,649.84
522 B10 2,600.00 D 0.000 2,600.00 0.p0
524 J-86 2,434.00 0.000 -182,292.42 -184,354.34
528 J-91 2,360.00 0.000 -207,373.63 -209,311.18
543 J-113 2,403.00 D 0.014 -180,745.30 -182,779.39
547 Gl 2,364.00 D 0.037 -183,612.82 -185,601.72
550 Bl 2,706.00 D 0.000 2,706.00 0.00
552 RK9 2,588.00 D 0.000 2,588.00 0.00
554 J-137 2,390.00 D 0.003 -181,85538 -183,874.26
559 L32 2,325.00 D 0.018 -207,386.62 -209,289.21
562 RK13 2,520.00 D 0.000 2,520.00 0.p0
565 J-105 2,358.00 D 0.039 -183,606.64 -185,590.05
566 J-111 2,397.00 D 0.011 -182,286.82 -184,311.82
567 J-135 2,390.00 D 0.003 -181,840.63 -183,859.54
568 J-136 2,390.00 D 0.003 -181,534.08 -183,553.61
569 J-114 2,417.00 D 0.012 -180,808.60 -182,856.53
570 L157 2,339.00 D 0.009 -206,995.83 -208,913.18
571 L153 2,345.00 D 0.004 -206,987.05 -208,910.41
572 L34 2,345.00 D 0.004 -206,982.25 -208,905|.62
573 L43 2,303.00 D 0.011 -207,043.10 -208,924.43
574 L82 2,311.00 D 0.012 -206,963.03 -208,852.49
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576 L84 2,321.00 D 0.012 -206,993.43 -208,892.81
586 SP12 2,463.00 D&F 0.150 2,481.p9 18(25
589 IC7 2,441.00 D 0.020 -182,292.46 -184,361.37
590 L115 2,370.00 D 0.014 -207,373.63 -209,321.16
591 L14 2,377.00 D 0.022 -207,374.22 -209,328.74
592 L12 2,385.00 D 0.097 2,405.00 19.p6
611 B13 2,595.00 D 0.000 2,595.00 0.p0
612 J-139 2,373.00 D 0.031 -63,542.09 -65,782.32
613 J-140 2,365.00 D 0.022 -103,625.64 -105,777.05
614 G3 2,358.00 D 0.053 -183,874.66 -185,857.53
615 G5 2,367.00 D 0.000 2,367.00 0.p0
616 G6 2,402.00 D 0.000 2,402.00 0.p0
617 T15 2,497.00 D 0.027 2,496.67 -0.83
618 T14 2,492.00 D 0.027 2,502.75 1073
619 T16 2,447.00 D 0.028 2,488.72 41.64
620 T17 2,454.00 D 0.028 -180,518.22 -182,603.67
621 T18 2,459.00 D 0.013 2,496.01 36.93
625 L110 2,306.00 D 0.014 -207,377.23 -209,260.87
626 L111 2,324.00 D 0.014 -207,377.60 -209,279.19
629 E12 2,560.00 D 0.000 2,560.00 0.00
632 J-101 2,545.00 D&F 0.000 2,545.00 0/00
634 J-104 2,615.00 0.000 -370,795,822,70 -370538142
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Figure B.7 PressuréMap of Links for Peak hour +-Hr Fire Demand Scenario, EPS Analysi:
&Future Demand, 20:

Scenario: Peak hour + 1- Hr Fire flow + Future Demand, 2025
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Appendix A.12
Links EPS Analysis Results at Peak Hour Demand-+firelflow & Future Demand, 2025

ID Label Start Stop Node| Diamete | Mater | Hazen- Has Flow Velocity | Head loss| Has User| Length
Node r ial Williams | Check | (md/s) (m/s) Gradient | Defined (User
(mm) © Valve? (m/m) Length? | Define
d)
(m)
1460 | P-582a B7 J-104 900 DI 8010 Falde 0.109 17.16 7.529 False 14
1479 | P2 R-2 ,';@G'TA 900.0| DI 1300| False|  2.93p 461 0016  False 126
1014 | P-428 J-27 J-138 150{0 DI 10Q.0 False 0.110 24 6. 0.366 False 10
1438 | P-998 L2 L3 125.0 DI 100.p False -0.0[75 6/13 438 False 36
937 | P-288 L116 L36 250. Stee 90.0 False -0.522  .6410 0.659 False 588
936 | P-289 L116 L46 450. DI 90.p False -0.082 0,52 0.001 False 1,331
1027 | P-460 L130 J-127 400/0 DI 100.0 False 3.939 .33l 2.318 False 2,732
941 | P-296 L47 L46 450.( DI 90.p Falsg -0.2]75 1{73 .010 False 7394
1046 | P-481 J-132 J-131 350{0 DI 10Q0.0 False -0.610 5.30 0.101 False 6
1207 | P-710 R1 E4 100.p PVC 1100 False 0.000 .00 .0000 False 90
769 | P-50 L124 TR4 300. Stee! 100.0 Falge 1.972 892). 2.612 False 2]
770 | P-51 TR4 L130 300. Steel 100.0 False 1.972 892). 2.612 False 26
767 | P-48 L128 TR5 300. Stee 100.0 Falge 1.967  832f. 2.602 False 24
768 | P-49 TR5 L129 300. Stee 100.0 Falge 1.967  83F. 2.602 False 24
1261 | P-787 G2 Gl 150.p DI 1000 Falsp -0.076 430 .1840| False 376
1036 | P-470 J-122 J-123 1500 DI 90.0 False -1.891 06.99 85.964 False 478
1217 | P-722 B7 T-14 250.0 DI 800 False 0.400 0.00 .00@ False 62
1148 | P-671 J-143 J-108 200{0 PV( 110.0 False 1|316 41.89 7.462 False 1,196
1259 | P-785 J-144 J-113 1500 DI 10Q0.0 False -0.373 21.09 3.494 False 716
1450 | P-645 RK PMP-47 750 Gl 900 Falsp 0.000 Q.00 0.000 False 21
1451 | P-647 PMP-47 J-101 75[0 Gl 9Q.0 False 0.105 .732B 11.871 False 1
1449 | P-646 J-101 RK10 750 Gl 90(0 Falde 0.015 3.41 0.329 False 622
1045 | P-480 J-133 J-132 350[0 DI 100.0 False -0.607 5.27 0.100 False 44
965 | P-330 L19 L18 200.0 DI 110.0 False 0.104 3.32 .068® False 607
1048 | P-485 J-131 J-119 3000 DI 90.0 Falge 0.p00 .731p 0.743 False 667
761 | P-40 TR1 L125 500. Stee 100.0 Falge 0.p00 0 0.0 0.000 False 24
762 | P-39 L125 L126 500. Stee 100.0 Falge 3.939 .0620 0.782 False 3¢
763 | P-41 L126 L128 500. Stee 100.0 Falge 3.939 .0620 0.782 False 21
1032 | P-466 J-123 J-124 1500 DI 100.0 False 1311 4.217 35.925 False 1,16p
1441 | P-636 J-65 E12 15000 DI 1000 False 0.p52 .92 0.098 False 99
1243 | P-755 J-108 J-79 200{0 DI 90.0 Falge 180 6556. 18.926 False 833
1262 | P-804 PG Gl 200.0 DI 100|0 False 0.000 0.00 0000l False 942
1410 | P-970 J-140 J-123 1500 DI 100.0 False 1372 7.627 39.037 False 868
1195 | P-758 L1 L2 125.0 DI 100.p False -0.035 2|85 .100 False 47(
1447 | P-643 L117 FCV-1 900.p Stee 100.0 False 0.000 0.00 0.000 False 16
1448 | P-644 FCV-1 L14 900.0 Stee 90.0 Falge 0.p00 .00 0 0.000 False 1,046
1102 | P-556 J-133 T19 15000 DI 100.0 False 0.049 7 %7 0.081 False 30
1342 | P-902 L14 L114 900.0 Stee 90.0 Falge -0.p43 .07 0 0.000 False 1,423
1086 | P-536 L5 L3 250.0 PVC 120/0 Falsg 0.132 2.68 .03® False 839
1031 | P-465 J-125 J-123 1500 DI 90.0 False 1.861 5.290| 83.458 False 1,36
829 | P-131 J-63 B14 200.p0 DI 100}0 False 0.081 2.58 0.047 False 1,884
1202 | P-703 J-143 J-84 400{0  Steel 80.0 False -2/010 15.99 1.008 False 384
742 | P-14 L22 TR2 900.0  Steel 100.0 False 0.Y35 1.15 0.002 True 35
821 | P-118 TM3 J-51 125.0 Stee 10Q.0 False 0.p91 .712B 5.372 False 13
915 | P-252 UR1 J-55 200.0 Stee 100.0 False 0/000 00 . 0.000 False 19
1411 | P-971 J-55 G3 2000 DI 1000 Falde -0.142 4.53 0.145 False 520 ©
772 | P-53 L129 L130 400. DI 1000 False 1.967 15.66 0.641 False 33
830 | P-132 J-63 J-65 2000 Sted| 100.0 False 0[056 .79 |1 0.000 False 21 :n:”
805 | P-100 JM7 J-41 150.p Stee) 100.0 False 0/000 00 . 0.000 False 13
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736 | P-8 J-5 J-4 1,000.0 Stee| 100.0 False -1560 99 q1. 0.005 True 30
1241 | P-753 J-109 J-105 250[0 DI 90.0 False 0.p12 .461p 0.883 False 1,101
803 | P-98 JM8 J-44 150.0 Stee 100.0 False 0.000 0 p.0 0.000 False 14
785 | P-72 JM5 J-29 250.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 14
1134 | P-673 J-107 J-106 1500 Gl 80.0 False -0.639 0.493 10.457 False 618
783 | P-70 JM4 J-33 250.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 15
746 | P-19 TR1 L117 1,000.0 Stee| 10Q.0 False 0000 .00 D 0.000 True 4(q
1260 | P-786 J-113 J-115 400(0 DI 100.0 False -1.630 12.18 0.402 False 521
1210 | P-718 RK10 RK9 75. Gl 90,0 False 0.g10 2.24 13® False 35§
1461 | P-582 J-104 B10 2500 DI 900 False 0.109 2.22 0.034 False 1,161
1415 | P-975 G6 PG 200.p DI 90/0 False 0.000 (.00 000[0 False 374
1285 | P-828 L82 L79 125. Stee 100.0 False 0.p27 17 2. 0.064 False 384
1041 | P-475 J-116 J-130 500[0 DI 10Q.0 False -0421 2.15 0.012 False 788
757 | P-36 TR2 L120 500. Steel 100.0 Falge 0.394 120 0.011 False 19
758 | P-35 L123 TP1 500.0 Steel 10Q.0 False 0.894 120 0.011 False 19
759 | P-37 TP1 L121 500.0 Steel 100.0 False 0.394 120 0.011 False 20
942 | P-299 L44 L45 200.0 DI 90.p Falsg 0.260 8(27 53®. False 562
1406 | P-966 B7 B13 200.0 DI 60)0 Falsg 0.067 2.14 098 False 794
1040 | P-474 J-115 J-116 5000 DI 100.0 False -0.416 2.12 0.012 False 629
1177 | P-678 J-112 J-113 350[0 DI 90.0 False -1.143 1.881 0.546 False 938
825 | P-123 ™ T12 400.0 DI 100.p False 0.255 203 01®.| False 63
1076 | P-524 L20 L23 200. DI 1000 Falsg 0.066 211 0.035 False 631
1442 | P-637 E12 Bl14 150.0 DCI 100(0 False 0.037 2.10 0.044 False 1,783
1338 | P-897 L114 L115 900.0 Stee 90.0 False -0.437 0.69 0.001 False 611
1213 | P-717 RK13 RK22 150.0 DI 500 False 0.037 2.08 0.173 False 1,944
1034 | P-468 J-129 J-131 3500 DI 10Q.0 False 1412 4.68] 0.665 False 689
1339 | P-899 L115 J-80 900.0 Steel 90.0 False -0451 0.71 0.001 False 2,300
1173 | P-576 B8 B1 100. PVC 110(0 False 0.016 2.03 .0590| False 1,647
966 | P-332 J-80 L112 900.p Stee| 90.0 False 0492 77D 0.001 False 563
1078 | P-526 L18 L16 150. DI 1000 False 0.035 1497 0.043 False 64(Q
1077 | P-525 L18 L160 150.0 DI 90)0 Falsg 0.035 1,96 0.052 False 483
1252 | P-771 J-119 J-136 3000 DI 90.0 False 0.867 .261P 0.693 False 766

1253 | P-773 J-136 J-84 300/0 DI 90.0 False 0.864 221P. 0.688 False 46
1211 | P-713 RK RK14 100. Gl 90)0 Falsg 0.900 0.00 .00® False 769
1407 | P-967 B13 B4 200.0 DI 90)0 Falsg 0.058 1.86 08D False 464
953 | P-316 L81 L83 250.0 DI 110.p Fals¢ 0.090 1,84 018 False 704
793 | P-83 JM2 J-36 250.0 Stee 100.0 False 0.000 0 p.0 0.000 False 14
836 | P-141 Entotol J-68 125|0 Steel 100.0 False 5000 0.39 0.000 False 16
789 | P-80 J-38 J-36 2500 Steel 100.0 False 0/000 00 0. 0.000 False 14
791 | P-81 JM1 J-38 250.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 14
1247 | P-760 J-84 J-112 350/0 DI 90.0 Falge -0.970 .081D 0.403 False 1,48V
1039 | P-473 J-120 J-115 3000 DI 90.0 False 1126 .921p 1.124 False 86
1050 | P-488 J-119 J-118 2000 DI 10Q.0 False 0000 .01D 0.000 False 407
827 | P-127 T12 T13 400.0 DI 10040 False 0.213 1.69 .01® False 139
844 | P-152 MO1 J-71 250.0 Stee 100.0 False 0.p84 80 p. 0.176 False 12
935 | P-287 L112 L116 900.0 Steel 9d.0 False -0.601 940 0.002 False 457
1414 | P-974 G5 G6 200.0 DI 90/0 False -0.053 1.70 03D False 769
1116 | P-654 RK7 RK10 50. PVC 110(0 False -0.003 01.7 0.105 False 371
820 | P-117 J-49 T™M3 150.0 Stee 10Q.0 False 0.R91  .471p 2.210 False 13
1341 | P-901 J-87 J-128 150|0 Gl 90.0 False 0.p30 8 1.6 0.039 False 2,182
1437 | P-997 L125 J-87 1500 Gl 90,0 False 0.030 1.68 0.039 False 43
1033 | P-467 J-124 J-129 3500 DI 100.0 False 1.202 2.501 0.493 False 1,369
806 | P-101 J-41 ™ 250. DI 1000 Falsg -0.427 8.69 0.373 False 1,73(
1422 | P-982 Jan Medg T17 800.0 DI 100.0 False 0J000 0.00 0.000 False 539
812 | P-107 ™1 J-48 300.0 Stee 100.0 False 0.p95 34 1. 0.009 False 15
1139 | P-831 RK15 RK14 100.0 Gl 90|0 Falsp -0.034 74.2 0.357 False [0
1084 | P-534 L11 L5 350.( DI 100.p Fals¢ 0.158 1,64 .01 False 1,209
871 | P-186 R1(1) E13 100.p Stee 100.0 False 0j004 45D 0.018 False 2(
1423 | P-983 T17 J-133 8000 DI 100.0 Falde -0.028 06 0.000 False 442
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784 | P-71 J-28 JM5 300.0 Stee 100.0 False 0.000 0 p.0 0.000 False 13
1409 | P-969 J-139 J-140 1500 DI 10Q.0 False 1394 8.897| 40.229 False 996
782 | P-69 J-32 M4 300.0 Stee 100.0 False 0.000 0 .0 0.000 False 12
780 | P-67 J-29 J-33 3000 Steel 100.0 False 0/000 00 0. 0.000 False 14
959 | P-323 L112 L27 250. DI 1100 Falsg 0.978 159 0.013 False 2,004
948 | P-307 L113 L69 300. DI 100)0 Falsg 0.111 1,57 0.013 False 2,85¢
1028 | P-461 J-127 J-125 4000 DI 90.0 False 2.103 7316 0.881 False 1,458
914 | P-251 C45 UR1 250.0 Stee 100.0 False 0.000 0 p.0 0.000 False 17
764 | P-43 L128 L124 500. Stee 100.0 Falge 1.672  .041p 0.217 False 33
1205 | P-706 R3 E2 50.0 PVC 1100 False 0.000 (0.00 0000 False 281
956 | P-319 J-70 J-78 3000 DI 100.0 Falde -0.108 315 0.012 False 47
955 | P-318 L113 J-70 300.p DI 1000 False -0.108 315 0.012 False 57
1418 | P-978 T13 T14 400.0 DI 100{0 Falsp 0.181 1.44 0.008 False 427
756 | P-34 L122 TR2 600. Steel 100.0 Falge 0.394 9 1.3 0.005 False 19
744 | P-16 J-7 J-6 1,000.0 Steel 100.0 False -1j087 .38 [1 0.002 True 4(q
1246 | P-759 J-111 J-109 2000 DI 90.0 False 0.p26 197. 0.414 False 839
1058 | P-500 T6 T7 250. DI 90.p Fals¢ -0.065 1,32 0140, False 761
1175 | P-854 L30 L29 125. Gl 1000 False 0.018 1.47 0.031 False 247
1144 | P-634 J-142 J-143 400(0 Steegl 8D.0 False 20,68 5.43 0.136 False 154
961 | P-325 L69 L70 300.0 DI 110.p Fals¢ 0.104 1147 .009 False 74
738 | P-10 J-6 C1l 1,200.0 Stee| 100.0 False -1417 25 Q. 0.002 True 1,964
1308 | P-868 L104 L105 150.0 DI 100/0 False 0.026 514 0.025 False 504
1208 | P-711 El R3 75.0 Gl 90/0 Falsg 0.Q00 g.00 00/00 False 262
1257 | P-783 J-114 J-120 1500 DI 100.0 False -0.206 11.66 1.166 False 1,068
787 | P-77 Jan Meda] J-37 600.0 Steel 100.0 False 0Q.00 0.00 0.000 False 20
876 | P-191 R2(1) E14 80.0 Stee 10Q.0 False 0003 64 . 0.019 False 19
839 | P-145 MO SP17 350.p DI 100{0 False 0.137 1.42 .00 False 55§
1276 | P-819 L153 L46 250.0 DI 1000 False 0.376 7.67 0.295 False 1,291
1209 | P-712 EN E16 100.0 Gl 90/0 False 0.000 (.00 00 False 293
794 | P-84 J-36 ™ 400.0 DI 100.p Fals¢ 0.000 0.00 00®, False 1,782
1416 | P-976 T13 T15 150.0 DI 100/0 False 0.024 1.36 0.022 False 431
1171 | P-830 RK20 RK15 100.0 Gl 90/0 False -0.032 340 0.317 False 371
1066 | P-508 SP27 MO 5000 DI 1000 False 0.034 (0.17 0.000 False 57
1065 | P-507 T6 SP27 5000 DI 100.0 Falde 0.034 .17 0.000 False 1,642
1273 | P-816 L153 L47 200.0 DI 10040 False 0.165 5.25 0.190 False 2,044
1275 | P-818 L153 L47 200.0 DI 10040 False 0.164 5.22 0.188 False 2,07(
962 | P-326 L70 L81 300.0 DI 110.p Fals¢ 0.096 1,36 .00® False 854
1452 | P-648 T-14 PMP-48 100/0 DI 90,0 False 0.000 00 0. 0.000 False 23
1453 | P-649 PMP-48 B8 1000 DI 90(0 False 0.082 10.4 2.051 False 24
1456 | P-652 T-14 PMP-50 100/0 Steel 100.0 False 00/00 0.00 0.000 False 29
1457 | P-653 PMP-50 B8 1000 Steel 100.0 False 0082 10.41 1.714 False 34
748 | P-22 L114 L20 600.0 DI 100.p Fals¢ 0.381 1,35 .000 False 1,585
753 | P-30 L121 Jan Meda 900(0 DI 120.0 False 0B61 570 0.000 False 7,550
1047 | P-483 J-118 J-134 150[0 Steel 9p.0 False 00186 10.53 1.173 False 526
823 | P-120 E15 RK 150. DI 1000 Falsg 0.900 0.00 00® False 1,437
804 | P-99 J-42 IM7 200.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 13
741 | P-13 J-7 L22 1,200.0 Stee| 10Q0.0 False 18368 21 [ 0.002 True 9,526
802 | P-97 J-43 JM8 200.0 Stee 100.0 False 0.000 0 p.0 0.000 False 13
1419 | P-979 T14 T7 400.0 DI 100J0 False 0.154 1.23 .00 False 604
967 | P-333 J-80 L26 200.0 DI 100/0 False 0.041 1.29 0.014 False 2,077
1080 | P-529 L13 L8 200.0 DI 120.p Fals¢ 0.182 580 163 False 1,548
792 | P-82 J-35 JM2 300.0 Stee 100.0 False 0.000 0 p.0 0.000 False 13
835 | P-140 J-67 Entotol 150/0 Steel 100.0 False 5000 0.27 0.000 False 18
832 | P-136 J-65 J-67 150/0 Steel 100.0 False 0j005 .27 |0 0.000 False 23
834 | P-139 J-68 R1 150.p DI 100{0 False 0.000 0.00 .0000] False 1,244
964 | P-328 L20 L19 400.0 DI 100.p Fals¢ 0.157 1,25 .00® False 77(Q
790 | P-79 J-37 M1 300.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 13
1083 | P-532 J-7 L11 900.0 Stee 90.0 False 0.[755 9 1.1 0.003 True 5,178
828 | P-130 EN J-63 400.0 DI 1000 False 0.000 g.00 .00 False 25
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1284 [ p-827 L113 L82 2000 DI 100j0  Falsk 0.439 123 0013| False 2,15(
842 | P-150 J-71 J-74 300/0 Sted|l 100.0 False 0142 .01 |2 0.020 False 21
843 | P-151 | J-72 MO1 300D Stee 100.0 False 0P84 02 W 0072| False 14
847 | P-155 | J-74 T-14 3000 DI 100[0  False 0.000 0.00 0000| False 3,031

1239 P-751 | J-86 J-110 250[0 DI 900 Falde 0063 653 0.85| False 611
774 | P57 327 TR2 1,0000 Steel 1000 Falbe  -0jgo8 1.14 0.002| True 16
739 | P-11 Cla 16 900D Stee 1000  Falbe 0l665 .04 0002| True 1,964

1240| P-752 | J-110 J-109 2500 DI 9d.0 Falde 0B11 3456 0253 False 903
811 | P-105 J-45 T™M1 350.0 Stee 100.0 False 0.095 98 0. 0.004 False 14

1343 | P-903 L15 L14 1500 DI 1000 Falsf  -0.021 121 0018] False 704

1256 | P-781 | J-114 PG 200/0  Stedl 1000 Falke 0000 000  0.000] False 108

1037 | P-471 | J122 3120 2500 DI 10d.0 False 1807 6.63) 2.967| False 478
732 | P4 o J-4 1,4000| Steel 1100  Falsé 1.560 1jo1 0001  Trle 6,360
735 | P-7 15 C1 14000 Stee 1040 Fale 1560 1.01 0001| True 528

1206 | P-708 E3 R2 1000 DI 90l0  Falsk 0.4oo doo  omlo False 157

1100 | P-554 | T11 T19 1500 DI 100[0 False  -0.020 116 0016| False 1,097

1420| P980 | J-29 T16 5000 DI 100[0  Falde 0.000 9.00 0.000| False 59

1249 | P-764 | J-135 J134 1500  Stedl 9b0 False 3018 1034 1135 False 195

1214 | P-719 RK RK13 250.0 DI 150 Fals¢ 0.000 oloo  .00@| False 307
824 | P-122 Jan Medq J-132 350.0 DI 100.0 False 0{000 0.00 0.000 False 1,076

1035 | P-469 | J-129 J122 150l0 DI 900 Falde  -0p28 2921 1.715] False 1,107
788 | P-78 J-37 335 6000 Stedl 1000  Falbe 0j000 00 [0. 0.000] False 14
737 | P9 ST3 16 12000 Stee 1000 Falde  -00094 88D. 0001 True 24

1277| P-820 30 28 2500 DI 1000 Falsf  -0.054 110 0008] False 604

1238 P-750 | J-86 3110 200[0 DI 9d0 Falde 0150 9 47 0.195| False 58(

1478 | P-1 R-1 =~ 600.0| DI 130.0| False 0.238 0.44 0.0p1  False
913 | P-250 (112 C45 300p Stee 104.0 False 0po0 00 p. 0.000] False 64
773 | P56 L123 327 1,0000 Stedl 1000 Falke  -0l788 1.00 0.001]  True 27

1242 | P-754 | J-105 J-106 30000 DI 900 Falde 0573 10B. 0322 False 16!
870 | P-185 | J-90 R1(1) 1250 Sted 1000  Falbe 0j004 0.29 0.000]  False 19

1052 | P-491 | T12 T10 2000 DI 100[0  Falsp 0.031 100 0.009| False 1,221

1115| P-852 131 30 1500 DI 1000 Falsk  -0.018 102 0013]| False 224

1421| P98l | T16 T6 5000 DI 100j0 Falsk  -0.028 d14 0000| False 495

1060 | P-502 IC1 SP17 35000 DI 90l0  Falde  -0.096 100 0006| False 164

1165| P-672 | J-108 J-107 150l0 DI 900 Falde  -0.p85 6.101 2578] False 404
730 | P2 = Cla 900.0| Steel 1150  Falsg 0.5p2 0|82 0p01  Trle 8908
816 | P-111 | J-50 J-49 20000 Stedi 100.0  Falke 0291 269 0544] False 4(
815 | P-110 | T™ 350 200.0 Stee 1040 Falde 0091 602 0544 False 43
822 | P-119 | J51 E15 2000 DI 100[0  Falde 0.007 921 0000| False 1,05¢
740 | P-12 ST3 37 1,2000 DCI 1000 Falde 1.036 92 0.001| False 8g
940 | P-294 37 L44 300.0 DI 110p  Falsé 0.200 283 .03D| False 2,494

1216 | P-721 RK20 RK21 1000 Gl 90[0  Falsk 0.028 357 0257| False 180
814 | P-109 | J-48 EN 400p DI 100[0  Falsk 0.095 d75 .00m| False 1,244
807 | P-102 ™ J-47 400. Stee 100.0 Falge 0.p95 50.7 0.002 False 85
808 | P-103 | J-47 J-45 40000 Stedl 1000  Falke 00905 750 0.002] False 33

1049 | P-487 | J-119 T3 2000 DI 80[0  False 0.029 0.93 0012| False 1,36¢

1042 | P-476 | J-118 J117 200[0  Stedl 1000 False 8901 6.03 0245 False 398

1237| P-749 | J-142 J-86 400[0 Stedl 80.0 False 0[434 3.45 0.059] False 48p
873 | P-188 R2 J-92 1000 DCI 100[0  Falde 0.000 9.00 0000| False 22
875 | P-189 | J-92 R2(1) 1000 Sted 1000  Falbe 0j003 0.41 0.000]  False 16

1055 | P-495 | T8 T7 250.0 DI 90p Falsé  -0.045 ooz  00D] False 84

1108| P-666 | J-110 J-109 150l0 DI 9d.0 Falde 0p83 714 0265 False 864

1044 | P-479 | J-130 J133 800[0 DI 1000 False  -0428 085 0.001] False 143
795 | P-88 Jan Medd  J-42 3500 Steél 1400 False  04.00 0.00 0.000]  False 28

1258 | P-784 | J-120 3122 150l0 DI 100.0 Falde  -0B337 19.05 2.895| False 490

1062 | P-504 IC2 IC3 300.0 DI 90p False 0.059 o84 .00B| False 234
799 | P-93 J-44 J-41 2500 Steel 100.0  False -0284 .80 5 0.176 False 1§

1245| P-757 | J-142 J111 30000 DI 900 Falje 0p37 36B. 0063 False 361
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1251 | P-770 J-137 J-135 1500 DI 90.0 False -0.152 .60 8 0.806 False 1§
1061 | P-503 IC1 IC2 350. DI 80.p Fals¢ 0.078 0,81 .00® False 359
1263 | P-806 L38 L157 200.0 DI 110/0 False 0.057 1.82 0.023 False 374
1101 | P-555 T19 T4 150.0 DI 100/0 False 0.014 g.81 .008 False 717
786 | P-75 J-35 J-31 600.0 Stee| 100.0 False 0/000 00 [0. 0.000 False 16
778 | P-65 J-31 J-32 600.0 Stee| 100.0 False 0/000 00 [. 0.000 False 14
1149 | P-660 RK8 RK7 50.0) PVC 110{0 Falsp -0.002 0.80 0.014 False 703
1286 | P-829 L83 L79 150. DI 1000 False -0.0q14 0.80 0.008 False 490
1038 | P-472 J-120 J-121 1500 DI 100.0 False 0/156 .84 B 0.699 False 654
1057 | P-499 T1 T6 150. DI 90.p Fals¢ 0.012 0,67 000 False 1,131
1344 | P-904 L11 L12 900. Stee 94(.0 Falge 0.461 2 (0.7 0.001 True 906
1081 | P-530 L8 L9 150.0 PVC 120/0 False 0.156 §.82 498 False 6464
1082 | P-531 L8 L7 150.0 PVC 120/0 False 0.013 q.75 .009 False 374
1255 | P-778 J-117 J-114 2000 Steg 10p.0 False  950.1 6.20 0.259 False 37
1054 | P-494 T10 T5 150.0 DI 90,0 False 0.013 0.75 00D False 260
1412 | P-972 G3 Gl 200.p DI 100{0 Falsp -0.196 6.23 .2610 False 1,004
760 | P-38 TR2 L125 150. Stee 100.0 Falge 3.069 5224 279.258 True 5(
869 | P-184 R1 J-90 150.0 DCI 100(0 False 0.000 0.00 0.000 False 32
1264 | P-807 L157 L42 200.0 DI 110/0 False 0.061 1.95 0.025 False 1,878
840 | P-146 MO J-72 400.0  Steel 10Q.0 False 0.p84 6 .2 0.018 False 38
1282 | P-825 L43 L41 150. DI 1000 False -0.032 183 0.038 False 1,454
1128 | P-585 B7 SP26 1500 Gl 90[.0 Falge 0.154 .73 .8310 False 2,909
1218 | P-723 B7 B9 125. Gl 90,0 False 0.9Jos 0.68 59 False 659
947 | P-306 J-79 L113 3000 DI 100}0 False 0.048 0.68 0.003 False 995
1274 | P-817 L47 L45 350. DI 1000 False -0.128 1.33 0.008 False 1,234
752 | P-29 L120 L121 900. DI 1000 False 0.110 0.17 0.000 False 14
853 | P-161 J-79 J-82 5000 DI 100.0 Falge 0.129 .66 0.001 False 954
854 | P-163 J-82 J-78 5000 DI 100.0 Falge 0.129 .66 0.001 False 45
954 | P-317 L83 L104 250. DI 90.p Fals¢ 0.032 0,65 .000 False 940
960 | P-324 L20 L24 200.0 DI 1100 Fals¢ 0.020 0,65 .00® False 80(
1244 | P-756 J-108 J-107 1500 DI 90.0 False -0.185 0.451 1.157 False 899
1345 | P-905 L12 L13 900. Stee 94(0 Falge 0.864 7 0.5 0.001 True 781
1030 | P-464 J-126 J-124 350[0 DI 9.0 False -0.p55 570 0.002 False 562
1183 | P-849 L33 L32 200. DI 1000 False -0.018 0.57 0.003 False 420
1056 | P-496 T7 Tl 250. DI 90.p Fals¢ 0.027 0,55 0D0 False 868
755 | P-32 L122 L123 1,000.0 Stee 10Q.0 False -0.894 0.50 0.000 True g
1413 | P-973 G4 G5 200.p DI 90{0 False -0.917 .54 003 False 92§
1063 | P-505 IC3 IC4 200. DI 90.p Fals¢ 0.017 0,54 .00® False 205
1087 | P-537 L3 L4 250.0 PVC 120/0 False 0.026 g.52 .00 False 173
1267 | P-809 L153 L37 600.0 DI 110/0 Falsg 0.284 1.00 0.002 False 84
1266 | P-805 L36 L153 600.0 DI 110/0 False 0.834 2.95 0.015 False 290
1079 | P-528 L13 L22 900. Stee 94(.0 Falge 0.134 10.2 0.000 True 2,661
1051 | P-490 T9 T8 250. DI 90.p Fals¢ -0.023 0,47 00D, False 1,287
872 | P-187 E13 R2 1250 DI 900 False 0.000 g.00 000 False 410
1184 | P-686 J-144 L109 1000 Gl 90.0 Falge 0.p03 4 0.4 0.005 False 1,042
731 | P-3 Cla C1l 700.0 Stee 100.0 False -0.143 P.37 0.000 True 10
796 | P-89 J-42 J-43 350.0 Steel 100.0 False 0/000 00 [. 0.000 False 17
1432 | P-992 L110 L47 400.0 DI 110]0 False -0.052 204 0.001 False 634
779 | P-66 J-32 J-28 600.0 Steel 100.0 False 0/000 00 [. 0.000 False 19
1293 | P-838 L83 L84 200. DI 90.p Fals¢ 0.012 0,39 .00D False 944
944 | P-301 L44 L42 200.0 DI 90.p Falsg -0.0[71 2/26 .049 False 461
1088 | P-538 L11 L10 350. DI 1000 False 0.937 0.38 0.001 False 1,084
1424 | P-984 T10 T18 200.p DI 100{0 Falsp 0.011 Q.34 0.001 False 520
1433 | P-993 L47 L111 400.0 DI 100/0 Falsg 0.042 4.34 0.001 False 1,491
1265 | P-808 L157 L37 150.0 Stee 80.0 Falge -0.p13 730 0.010 False 829
1212 | P-716 RK21 RK13 1500 DI 90/0 False 0.005 4.28 0.002 False 1,101
1431 | P-991 L28 L110 400.0 DI 110/0 Falsg -0.038 00.3 0.000 False 1,334
1215| P-720 RK13 RK21 1500 DI 90{0 False -0.005 80.2 0.002 False 1,122
1053 | P-493 T8 T10 150.0 DI 80,0 False 0.9J06 0.31 00D False 960
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1278 | P-821 L19 L32 400. DI 1000 Falsg 0.036 0.29 0.000 False 2,781
1059 | P-501 IC5 IC1 200. DI 80.0 Fals¢ -0.009 0,29 0.001 False 530
1064 | P-506 SP17 IC6 2000 DI 90,0 False 0.009 0.29 0.001 False 213
939 | P-293 L40 L41 400.0 DI 110.p Fals¢ 0.055 0.44 .00D False 1,064
851 | P-160 L35 J-79 600.0 DI 100/0 False -1.326 4.69 0.043 False 1,142
1085 | P-535 L5 L6 250.0 PVC 1200 False 0.013 g.27 .00® False 754
979 | P-346 L37 L38 600.0 DI 110.p Fals¢ 0.072 0.26 .000 False 614
1269 | P-811 L153 L34 200.0 DI 1000 False -0.058 51.8 0.028 False 174
1270 | P-813 L34 L153 200.0 DI 10040 False 0.058 1.83 0.027 False 177
745 | P-17 L22 TR1 900.0 Steel 100.0 Falde 0.y37 1.16 0.002 True 35|
981 | P-348 L155 L38 200. DI 1100 Falsg 0.061 1,96 0.026 False 407
977 | P-344 L35 L155 400. DI 1000 False -0.204 1.63 0.010 False 455
1434 | P-994 L111 L28 400.0 DI 10040 False 0.028 g.22 0.000 False 516
1272 | P-815 L34 L153 200.0 Steel 90.0 Falge 0.p48 52 1. 0.023 False 207
1268 | P-810 L35 L34 400. DI 100/0 Falsg 0.167 1.33 0.007 False 139
938 | P-290 L36 L35 900.0  Steel 100.0 Falde -1.860 14 2. 0.006 False 213
1199 | P-584 B10 B11 200.0 DI 9040 False 0.006 g.20 .00® False 404
1279 | P-822 L28 L47 200. DI 1000 Falsg -0.J06 0.20 0.000 False 2,054
831 | P-135 B14 SP16 150/0 DI 100.0 Falde 0.003 .19 0.005 False 2,034
858 | P-170 ME1 M23 300.0 Steel 100.0 Falge 0.014 9(0.1 0.001 False 14
1408 | P-968 J-127 J-139 1500 DI 100.0 False 1425 0.668 41.913 False 984
980 | P-347 L38 L40 600.0 DI 110.p Fals¢ 0.068 0,24 .000@ False 345
946 | P-305 L154 J-79 300.p DI 100}0 False -0.275 83.8 0.068 False 626
1337 | P-898 IC7 J-86 400.p Steeg 90.0 False -0020 .16 D 0.000 False 257
850 | P-158 MO3 J-76 250.0 Stee 10Q.0 False 0150 05 B. 0.054 False 19
978 | P-345 L155 L154 400.0 DI 100J0 False -0.268 321 0.016 False 127
1248 | P-761 J-84 J-135 150|0 Stesl 90.0 False -0{028 1.56 0.034 False 461
1271 | P-814 L153 L37 150.0 Stee 80.0 Falge 0.p05 27 0. 0.002 False 102
1153 | P-658 RK9 RK8 50.0 PVC 110/0 False 0.000 (J.12 0.000 False 817
1283 | P-826 J-79 L156 1500 Gl 900 False 0.002 (.11 0.000 False 691
848 | P-156 MO J-75 300.0 DCI 100/0 False 0.150 2.12 0.022 False 41
849 | P-157 J-75 MO3 300.0 Stee 100.0 False 050 12 p. 0.022 False 2(
1329 | P-889 J-76 SP12 3000 DI 12Q.0 False 0.150 21 0.016 False 854
857 | P-169 J-78 ME1 400.0 Stee 120.0 False 014 11 . 0.000 False 13
1417 | P-977 T15 T1 150.0 DI 10040 False -0.003 g.15 0.000 False 587
874 | P-190 E14 R3 100.0 Gl 90/0 False 0.000 Q.00 000[0 False 472
826 | P-126 T12 SP15 2500 DI 100.0 Falde 0.003 .07 0.000 False 2,444
1425 | P-985 T18 T9 200.0 DI 10040 False -0.003 (.08 0.000 False 584
1203 | P-704 J-84 J-137 5000 DI 90.0 False -0.1149 76 0. 0.002 False 454
1325 | P-885 J-78 M18 300.p DI 1000 False 0.004 0.05 0.000 False 778
982 | P-350 L154 L108 300.0 Stee 9d.0 False 0.p003 05 0. 0.000 False 79
1164 | P-685 Gl J-144 150/0 Steel 80.0 False -0/309 7.461 3.724 False 97
1280 | P-823 L42 L43 200. DI 1100 Falsg -0.021 0.67 0.003 False 159
860 | P-174 M19 J-78 600.0 DI 110/0 False -0.004 Q.01 0.000 False 734
1405 | P-965 J-141 J-130 800(0 DI 100.0 False -0.004 0.01 0.000 False 384
1340 | P-900 J-91 L115 1500 Steel 90.0 False 0J000 .00 D 0.000 False 40
852 | P-162 M23 J-81 250.0 Stee 10Q.0 False 0,000 00 p. 0.000 False 37
838 | P-143 Entoto2 J-68 125/0 DI 100.0 Falge 0.p000 .000 0.000 False 33
809 | P-104 J-46 T™M2 300.0 Stee 100.0 False 0.000 00 D. 0.000 False 14
819 | P-116 T™M4 J-52 125.0 Steel 100.0 False 0.000 00 D. 0.000 False 17
837 | P-142 J-64 Entoto2 150J0 Steel 100.0 False 00{00 0.00 0.000 False 19
833 | P-137 J-67 J-64 150/0 Steel 100.0 False 0j000 .00 [0 0.000 False 2(
801 | P-96 JM9 J-40 150.0 Stee 100.0 False 0.000 0 p.0 0.000 False 15
818 | P-115 J-50 T™M4 150.0 Steel 100.0 False 0.000 00 D. 0.000 False 17
817 | P-113 J-52 J-51 150/0 Steel 100.0 False -0{142 8.05 0.587 False 3
855 | P-164 J-81 ME2 300.0 Stee 12Q.0 False 0,000 00 p. 0.000 False 17
846 | P-154 MO2 J-74 250.0 Stee 10Q.0 False 0,000 00 p. 0.000 False 11
1455 | P-651 PMP-49 J-101 1500 DCI 100.0 False 0J052 2.97 0.000 False 29
1454 | P-650 RK PMP-49 150.0 DCI 1000 False 0.000 00 0. 0.000 False 21
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841 | P-148 J-72 J-73 3000 Steq! 100.0 False 0{000 .00 [0 0.000 False 28
845 | P-153 J-73 MO2 300.0 Stee 10Q.0 False 0,000 00 p. 0.000 False 17
800 | P-95 J-39 JM9 200.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 12
749 | P-26 L119 TR3 600. Steel 100.0 Falge 0.D00 0 0.0 0.000 False 19
798 | P-92 J-40 J-44 2500 Stee| 100.0 False -0{142 .90 2 0.049 False 2(
856 | P-165 ME2 J-82 400.0 Stee 12Q.0 False 0,000 00 p. 0.000 False 17
765 | P-46 L126 TR6 150. Steel 100.0 Falge 0.D00 0 0.0 0.000 False 24
766 | P-47 TR6 L127 150. Steel 100.0 Falge 0.000 0 0.0 0.000 False 23
754 | P-31 L119 L122 1,000.0 Stee| 10Q.0 False 0.000 0.00 0.000 True 7
751 | P-28 L118 L120 900. DI 100/0 False -0.142 0.22 0.000 False 24
777 | P-63 JM3 J-30 250.0 Stee 10Q.0 False 0.000 0 p.0  0.000 False 1Q
797 | P-91 J-43 J-39 3500 Stee| 100.0 False 0/000 00 [0. 0.000 False 2(
813 | P-108 J-46 J-48 4000 DI 100|.O False 0.000 .00 0.000 False 34
781 | P-68 J-33 J-30 3000 Stee| 100.0 False 0/000 00 (0. 0.000 False 19
750 | P-27 TR3 L118 500. Steel 100.0 Falge 0.D00 0 0.0 0.000 False 18
771 | P-52 L127 L129 400. DI 1000 False 0.900 0.00 0.000 False 30
810 | P-106 T™M2 J-47 350.0 Stee 10Q0.0 False 0.000 00 p. 0.000 False 14
776 | P-62 J-31 JM3 300.0 Stee 10Q.0 False 0.000 0 p.0 0.000 False 9
733 | P-5 J-4 ST2 1,200.0  Stee| 100.0 False 0.000 0 .0 0.000 True 20
734 | P-6 ST2 J-5 1,200.0 Stee| 100.0 False 0000 0 0.0 0.000 True 20
743 | P-15 L22 ST4 1,200.0 Stee| 100.0 False 0.000 00 p. 0.000 True 10
747 | P-21 L114 AN 600.0 Steel 1000 False 0.900 0.00 0.000 False 148§
775 | P-58 J-27 L117 1,000.p Stee| 100.0 False 0J/000 0.00 0.000 True 2(
957 | P-320 L104 J-70 3000 DI 1000 False 0.000 .00 0.000 False 873
1029 | P-463 J-125 J-126 400{0 DI 10Q.0 False 0,000 .00D 0.000 False 2(
1043 | P-478 J-116 J-117 200{0 DI 10Q.0 False 0,000 .00D 0.000 False 11
1142 | P-583 B10 B9 110.0 PVC 1100 Falge 0.000 (.00 0.000 False 699
1198 | P-677 J-106 J-112 300{0 DI 930.0 False 0.000 00 p. 0.000 False 900
1250 | P-769 J-141 J-137 500{0 DI 90.0 False 0.000 00 p. 0.000 False 893
1254 | P-775 J-135 J-136 150(0 DI 90.0 False 0.000 00 p. 0.000 False 2]
1327 | P-887 SP27 J-76 300{0 DI 10Q.0 False 0.000 0 p.0  0.000 False 173
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Figure B.8 Velocity Map of Links forLink Results aPeak Hour for Future Demand 2C EPS Analysis

Scenario: Peak hour + 1- Hr Fire flow + Future Demand, 2025
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LOW FLOW DEMAND SCENARIO

Appendix-A.13Nodes EPS Analysis Results at Low Hour Demand

Flex Table: Junction Table (Existing Water Systdrhegedadi sub system.wt@urrent Time: 20 hours

ID Label Elevation Demand Demand | Hydraulic Grade Pressure
(m) Pattern (m3/s) (m) (m H20)
129 | C1 2,410.00 0.000 2,421.96 11.94
130 | Cla 2,410.00 0.000 2,421.96 11.93
131 | J4 2,410.00 0.000 2,422.65 12.62
132 | J5 2,410.00 0.000 2,422.49 12.46
133 | J-6 2,400.00 0.000 2,418.46 18.42
134 | J-7 2,400.00 0.000 2,418.38 18.34
135 | L22 2,406.00 Domestic 0.006 2,405.17 -0.83
136 | L117 2,406.00 0.000 2,405.08 -0.92
137 | L114 2,375.00 Domestic 0.003 2,403.86 28.80
138 | L20 2,351.00 Domestic 0.025 2,403.56 52.46
139 | L118 2,402.00 0.000 2,472.80 70.66
140 | L119 2,402.00 0.000 2,405.01 3.00
141 | L120 2,402.00 0.000 2,472.80 70.66
142 | L121 2,402.00 0.000 2,472.79 70.65
143 | L122 2,402.00 0.000 2,405.01 3.00
144 | L123 2,402.00 0.000 2,405.01 3.00
145 | L124 2,402.00 0.000 2,404.89 2.89
146 | L125 2,404.00 0.000 2,405.04 1.04
147 | L126 2,402.00 0.000 2,404.96 2.96
148 | L127 2,402.00 0.000 2,497.96 95.76
149 | L128 2,402.00 0.000 2,404.91 2.90
150 | L129 2,402.00 0.000 2,497.96 95.76
151 | L130 2,402.00 0.000 2,497.91 95.71
152 | J-131 2,427.00 Domestic 0.000 2,461.52 34.45
153 | J-124 2,420.00 Domestic 0.010 2,461.11 41.03
154 | J-27 2,400.00 0.000 2,405.03 5.02
155 | J-28 2,460.00 0.000 2,462.44 243
156 | J-29 2,460.00 0.000 2,498.51 38.44
157 | J-30 2,460.00 0.000 2,498.59 38.51
158 | J-31 2,460.00 0.000 2,462.45 245
159 | J-32 2,460.00 0.000 2,462.44 2.44
160 | J-33 2,460.00 0.000 2,498.59 38.51
161 | J-35 2,460.00 0.000 2,462.47 2.46
162 | J-36 2,460.00 0.000 2,517.72 57.60
163 | J-37 2,460.00 0.000 2,462.49 2.49
164 | J-38 2,460.00 0.000 2,517.92 57.80
165 | J-39 2,460.00 0.000 2,462.48 2.47
166 | J-40 2,460.00 0.000 2,529.79 69.65
167 | J-41 2,460.00 0.000 2,529.73 69.59
168 | J-42 2,460.00 0.000 2,462.49 2.48
169 | J-43 2,460.00 0.000 2,462.48 2.47
170 | J-44 2,460.00 0.000 2,529.79 69.65
171 | J-45 2,507.00 0.000 2,508.05 1.05
172 | J-46 2,507.00 0.000 2,568.28 61.16
173 | J-47 2,507.00 0.000 2,508.12 1.12
174 | J-48 2,507.00 0.000 2,568.28 61.16
175 | J-49 2,507.00 0.000 2,507.93 0.93
176 | J-50 2,507.00 0.000 2,508.11 1.11
177 | J-51 2,507.00 0.000 2,576.96 69.82
178 | J-52 2,507.00 0.000 2,576.96 69.82
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179 | E15 2,564.00 Domestic 0.001 2,572.12 8.10

180 | J-133 2,432.00 Domestic 0.000 2,462.12 30.06
181 | J-132 2,433.00 Domestic 0.000 2,461.95 28.89
182 | T7 2,473.00 Domestic 0.003 2,506.08 33.02
183 | T12 2,512.00 Domestic 0.001 2,508.13 -3.86

184 | T9 2,459.00 Domestic 0.004 2,506.08 46.98
185 | SP15 2,490.00 Domestic 0.001 2,508.13 18.09
186 | T13 2,510.00 Domestic 0.001 2,507.83 -2.17

187 | T1 2,469.00 Domestic 0.002 2,505.66 36.59
188 | B14 2,536.00 Domestic 0.021 2,561.23 25.18
189 | J-63 2,560.00 Domestic 0.000 2,565.56 5.55

190 | J-64 2,560.00 0.000 2,565.08 5.07

191 | J-65 2,560.00 0.000 2,565.37 5.36

192 | SP16 2,490.00 Domestic 0.001 2,561.17 71.03
193 | J-67 2,560.00 0.000 2,565.08 5.07

194 | J-68 2,560.00 Domestic 0.000 2,656.56 96.37
195 | L35 2,345.00 Domestic 0.001 2,399.65 54.54
196 | SP17 2,476.00 Domestic 0.006 2,489.95 13.93
197 | J-71 2,483.00 0.000 2,653.55 170.21
198 | J-72 2,483.00 0.000 2,490.12 7.10

199 | J-73 2,483.00 0.000 2,490.12 7.10

200 | J-74 2,483.00 0.000 2,653.40 170.06
201 | J-75 2,483.00 0.000 2,490.17 7.16

202 | J-76 2,483.00 0.000 2,534.17 51.06
204 | J-78 2,352.00 0.000 2,399.61 47.51
205 | J-79 2,340.00 0.000 2,399.67 59.55
206 | M23 2,352.00 Domestic 0.003 2,439.61 87.43
207 | J-81 2,352.00 0.000 2,439.61 87.43
208 | J-82 2,352.00 0.000 2,399.61 47.51
209 | M18 2,345.00 Domestic 0.001 2,399.61 54.50
211 | M19 2,345.00 Domestic 0.001 2,399.61 54.50
215 | J-90 2,637.00 0.000 2,639.37 2.36

216 | E13 2,637.00 Domestic 0.001 2,687.50 50.40
217 | J-92 2,682.00 0.000 2,683.31 131

218 | E14 2,682.00 0.001 2,750.65 68.52
243 | L37 2,349.00 Domestic 0.001 2,399.63 50.52
244 | L112 2,350.00 Domestic 0.006 2,402.89 52.78
245 | C45 2,350.00 0.000 2,402.85 52.75
246 | J-55 2,350.00 0.000 2,445.60 95.41
247 | J-118 2,423.00 Domestic 0.001 2,446.51 23.46
256 | L28 2,325.00 Domestic 0.003 2,397.41 72.26
257 | L116 2,332.00 Domestic 0.001 2,402.82 70.68
258 | L46 2,335.00 Domestic 0.004 2,399.42 64.29
259 | L36 2,336.00 Domestic 0.001 2,399.65 63.52
260 | L40 2,347.00 Domestic 0.002 2,399.62 52.51
261 | L41 2,326.00 Domestic 0.004 2,399.60 73.46
262 | L44 2,311.00 Domestic 0.002 2,399.02 87.84
263 | L47 2,317.00 Domestic 0.117 2,397.45 80.28
265 | L45 2,305.00 Domestic 0.025 2,397.38 92.19
267 | L42 2,300.00 Domestic 0.002 2,399.09 98.89
269 | L154 2,340.00 Domestic 0.001 2,399.65 59.53
270 | L113 2,351.00 Domestic 0.001 2,399.55 48.45
271 L69 2,283.00 Domestic 0.001 2,397.93 114.70
276 | L81 2,292.00 Domestic 0.001 2,397.59 105.38
277 | L104 2,320.00 Domestic 0.001 2,396.89 76.73
278 | L83 2,316.00 Domestic 0.011 2,397.04 80.88
279 | J-70 2,352.00 0.000 2,399.58 47.49
281 | L27 2,339.00 Domestic 0.015 2,401.69 62.56
282 | L24 2,351.00 Domestic 0.004 2,403.45 52.34
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283 | L70 2,280.00 Domestic 0.001 2,397.91 117.67
284 | L19 2,327.00 Domestic 0.003 2,403.36 76.21
285 | L18 2,332.00 Domestic 0.006 2,400.88 68.74
286 | J-80 2,345.00 Domestic 0.000 2,403.04 57.92
287 | L26 2,342.00 Domestic 0.008 2,401.73 59.61
296 | L155 2,340.00 Domestic 0.000 2,399.65 59.53
297 | L38 2,349.00 Domestic 0.002 2,399.62 50.52
298 | L108 2,345.00 Domestic 0.001 2,399.65 54.54
332 | J-138 2,390.00 Domestic 0.021 2,403.41 13.38
339 | J-127 2,387.00 Domestic 0.076 2,482.11 94.92
340 | J-123 2,376.00 Domestic 0.006 2,463.01 86.83
341 | J-125 2,418.00 Domestic 0.045 2,480.28 62.15
342 | J-126 2,418.00 Domestic 0.010 2,461.06 42.98
343 | J-129 2,411.00 Domestic 0.003 2,461.30 50.20
344 | J-122 2,386.00 Domestic 0.003 2,459.64 73.49
345 | J-120 2,371.00 Domestic 0.003 2,459.45 88.27
346 | J-121 2,366.00 Domestic 0.003 2,459.21 93.03
347 J-115 2,405.00 Domestic 0.002 2,460.02 54.91
348 | J-130 2,425.00 Domestic 0.000 2,462.10 37.03
349 | J-116 2,405.00 Domestic 0.001 2,460.94 55.83
350 | J-117 2,406.00 Domestic 0.001 2,436.61 30.55
351 | J-84 2,410.00 0.000 2,450.51 40.43
352 | J-134 2,411.00 Domestic 0.001 2,449.28 38.20
353 | J-119 2,431.00 Domestic 0.001 2,453.79 22.74
354 | T3 2,440.00 Domestic 0.005 2,453.08 13.06
355 | T11 2,410.00 Domestic 0.004 2,461.23 51.12
356 | T4 2,435.00 Domestic 0.003 2,461.75 26.70
357 | T8 2,472.00 Domestic 0.003 2,506.08 34.01
358 | T10 2,472.00 Domestic 0.002 2,506.32 34.25
359 | T5 2,455.00 Domestic 0.002 2,506.21 51.11
360 | T6 2,460.00 Domestic 0.003 2,496.50 36.42
361 | IC5 2,437.00 Domestic 0.002 2,489.88 52.78
362 | IC1 2,472.00 Domestic 0.002 2,489.91 17.88
363 | IC2 2,463.00 Domestic 0.003 2,489.84 26.78
364 | IC3 2,450.00 Domestic 0.008 2,489.79 39.71
365 | IC4 2,432.00 Domestic 0.003 2,489.76 57.64
366 | 1C6 2,465.00 Domestic 0.002 2,489.94 24.89
367 | SP27 2,491.00 Domestic 0.000 2,490.38 -0.61

378 | L23 2,352.00 Domestic 0.012 2,402.57 50.47
379 | L160 2,334.00 Domestic 0.006 2,399.76 65.63
380 | L16 2,327.00 Domestic 0.006 2,399.66 72.51
381 | L13 2,387.00 Domestic 0.009 2,408.07 21.03
382 | L8 2,340.00 Domestic 0.002 2,407.39 67.25
383 | L9 2,332.00 Domestic 0.003 2,407.23 75.08
384 | L7 2,363.00 Domestic 0.002 2,407.30 44.21
385 | L11 2,382.00 Domestic 0.019 2,410.09 28.03
386 | L5 2,362.00 Domestic 0.002 2,409.47 47.37
387 | L6 2,365.00 Domestic 0.002 2,409.45 44.36
388 | L3 2,360.00 Domestic 0.006 2,408.35 48.25
389 | L4 2,360.00 Domestic 0.005 2,408.34 48.24
390 | L10 2,392.00 Domestic 0.007 2,410.05 18.01
397 | T19 2,430.00 Domestic 0.003 2,462.01 31.95
398 | RK22 2,431.00 0.007 2,529.06 97.87
403 | J-144 2,364.00 Domestic 0.011 2,431.86 67.72
405 | RK7 2,511.00 0.000 2,704.83 193.44
412 | G4 2,351.00 0.003 2,420.00 68.87
413 | L156 2,347.00 Domestic 0.000 2,399.66 52.56
421 | J-87 2,404.00 0.000 2,404.96 0.96

422 | L31 2,320.00 Domestic 0.003 2,397.05 76.90
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424 | SP26 2,493.00 0.002 2,634.65 141.36
425 | RK20 2,500.00 0.001 2,544.14 44.05
426 | RK15 2,522.00 0.000 2,544.90 22.85
427 | J-143 2,423.00 Domestic 0.002 2,449.01 25.96
428 | J-112 2,346.00 Domestic 0.006 2,455.08 108.86
431 | B9 2,582.00 0.002 2,635.34 53.24
435 | L2 2,360.00 Domestic 0.007 2,407.65 47.55
438 | J-106 2,355.00 Domestic 0.006 2,442.20 87.02
440 | E1 2,734.00 0.001 2,746.26 12.24
441 | L30 2,320.00 Domestic 0.003 2,397.18 77.03
443 | E4 2,635.00 Domestic 0.006 2,638.48 3.47

444 | L33 2,325.00 Domestic 0.003 2,403.25 78.09
445 | J-128 2,385.00 Domestic 0.006 2,401.15 16.11
447 | B4 2,593.00 0.011 2,631.62 38.55
448 | J-109 2,385.00 Domestic 0.002 2,446.91 61.79
452 | E3 2,673.00 0.002 2,683.30 10.28
453 | L105 2,308.00 Domestic 0.005 2,396.33 88.15
458 | J-141 2,432.00 Domestic 0.001 2,462.10 30.04
459 | L29 2,317.00 Domestic 0.003 2,396.84 79.68
463 | RK21 2,490.00 0.003 2,543.97 53.86
464 | J-108 2,353.00 Domestic 0.001 2,427.06 73.91
467 | J-110 2,417.00 Domestic 0.003 2,448.01 30.95
469 | E2 2,708.00 0.001 2,746.00 37.92
470 | B7 2,631.00 0.001 2,635.61 4.60

478 | RK8 2,538.00 0.000 2,704.07 165.73
479 | L15 2,360.00 Domestic 0.004 2,404.00 43.91
485 | E16 2,547.00 Domestic 0.002 2,564.98 17.95
488 | B8 2,636.00 0.001 2,763.83 127.57
490 | RK14 2,523.00 0.000 2,545.38 22.33
493 | L79 2,292.00 Domestic 0.002 2,397.22 105.00
495 | RK10 2,553.00 Domestic 0.000 2,706.48 153.17
501 | L1 2,356.00 Domestic 0.007 2,405.43 49.33
504 | J-142 2,424.00 Domestic 0.002 2,448.86 24.81
505 | L109 2,345.00 Domestic 0.001 2,431.62 86.44
506 | J-107 2,379.00 Domestic 0.013 2,427.51 48.41
507 | B11 2,610.00 Domestic 0.001 2,629.20 19.16
509 | G2 2,343.00 Domestic 0.014 2,426.45 83.28
522 | B10 2,600.00 Domestic 0.019 2,629.21 29.15
524 | J-86 2,434.00 0.000 2,448.67 14.64
528 | J-91 2,360.00 0.000 2,403.69 43.60
543 | J-113 2,403.00 Domestic 0.003 2,458.42 55.30
547 | G1 2,364.00 Domestic 0.007 2,429.52 65.39
550 | B1 2,706.00 0.003 2,759.32 53.22
552 | RK9 2,588.00 0.002 2,704.09 115.86
554 | J-137 2,390.00 Domestic 0.001 2,450.51 60.39
559 | L32 2,325.00 Domestic 0.003 2,403.31 78.15
562 | RK13 2,520.00 0.002 2,544.05 24.01
565 | J-105 2,358.00 Domestic 0.007 2,442.38 84.21
566 | J-111 2,397.00 Domestic 0.002 2,448.72 51.62
567 | J-135 2,390.00 Domestic 0.001 2,450.42 60.30
568 | J-136 2,390.00 Domestic 0.001 2,451.73 61.61
569 | J-114 2,417.00 Domestic 0.002 2,427.39 10.37
570 | L157 2,339.00 Domestic 0.002 2,399.52 60.40
571 | L153 2,345.00 Domestic 0.001 2,399.63 54.52
572 | L34 2,345.00 Domestic 0.001 2,399.65 54.54
573 | L43 2,303.00 Domestic 0.002 2,399.09 95.90
574 | L82 2,311.00 Domestic 0.002 2,398.31 87.14
576 | L84 2,321.00 Domestic 0.002 2,396.96 75.81
586 | SP12 2,463.00 Domestic 0.001 2,534.17 71.02
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589 | IC7 2,441.00 Domestic 0.004 2,448.67 7.65

590 | L115 2,370.00 Domestic 0.003 2,403.69 33.62
591 | L14 2,377.00 Domestic 0.004 2,404.55 27.49
592 | L12 2,385.00 Domestic 0.018 2,408.97 23.92
611 | B13 2,595.00 0.002 2,632.32 37.24
612 | J-139 2,373.00 Domestic 0.006 2,470.53 97.33
613 | J-140 2,365.00 Domestic 0.004 2,465.06 99.85
614 | G3 2,358.00 Domestic 0.010 2,438.13 79.97
615 | G5 2,367.00 0.007 2,420.14 53.04
616 | G6 2,402.00 0.003 2,421.12 19.09
617 | T15 2,497.00 Domestic 0.005 2,506.20 9.18

618 | T14 2,492.00 Domestic 0.005 2,507.06 15.03
619 | T16 2,447.00 Domestic 0.005 2,497.39 50.29
620 | T17 2,454.00 Domestic 0.005 2,462.31 8.29

621 | T18 2,459.00 Domestic 0.002 2,506.14 47.04
625 | L110 2,306.00 Domestic 0.003 2,397.43 91.24
626 | L111 2,324.00 Domestic 0.003 2,397.41 73.26
629 | E12 2,560.00 Domestic 0.003 2,564.98 4.97

632 | J-101 2,545.00 0.000 2,715.48 170.13
634 | J-104 2,615.00 0.000 2,631.09 16.05
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Appendix A.14 Link EPS Analysis Results at Low Hour Demand

FlexTable: Pipe Table (Existing Water System ofédsdi sub system.wt@urrent Time: 20 hours

ID Label Start Stop Diamet | Material | Hazen Has Flow Velocit Head Has User | Length
Node Node er - Check | (m3/s) Y loss Defined (m)
(mm) Willia | Valve? (m/s) Gradie Length?
ms C nt
(m/m)
LAGA

730 | P-2 TANK Cla 900.0 Steel 115.0 Falsg 0.543 0(85 0.p01 Tru¢ ,8906
731 | P-3 Cla Cl 700.0 Steel 10Q.0 False -0.149 0.39.000 True 10
732| P4 | HAOR J4 | 1,4000| Steel | 1100 Fals¢ 1623  1j05 0pol  True 6,360
733 | P-5 J-4 ST2 1,200.0 Steel 100.0 False 0J000 0 .0 0.000 True 20
734 | P-6 ST2 J-5 1,200.0 Steel 100.0 False 0J000 0 .0 0.000 True 20
735 | P-7 J-5 Cl 1,400.0 Steel 10Q.0 False 1623 1.08.001 True 528
736 | P-8 J-5 J-4 1,000.0 Steel 100.0 False -1)623 07 R. 0.005 True 30
737 | P-9 ST3 J-6 1,200.0 Steel 100.0 False -1172 04 . 0.001 True 20
738 | P-10 J-6 Cl 1,200.0 Steel 100.0 False -1475 30 {1. 0.002 True 1,964
739 | P-11 Cla J-6 900.0 Steel 100.0 False 0/692 1.09.002 True 1,964
740 | P-12 ST3 J-7 1,200.0 DCI 100/0 Falge 0.881 .780.001 False 88
741 | P-13 J-7 L22 1,200.0 Steel 100.0 False 1p88 14 1. 0.001 True 9,526
742 | P-14 L22 TR2 900.0 Steel 100.0 False 0.980 1.540.003 True 35
743 | P-15 L22 ST4 1,200.0 Steel 100.0 False 0.000 00 p. 0.000 True 10
744 | P-16 J-7 J-6 1,000.0 Steel 100.0 False -0{995 .27 1 0.002 True 40
745 | P-17 L22 TR1 900.0 Steel 100.0 False 0.801 1.260.002 True 35
746 | P-19 TR1 L117 1,000.0 Steel 100.0 False 0315 .40 p 0.000 True 40
747 | P-21 L114 AN 600.0 Steel 100}0 False 0.000 (.000.000 False 148
748 | P-22 L114 L20 600.0 DI 100.p False 0.071 0,25 .00@ False 1,585
749 | P-26 L119 TR3 600.0 Steel 100.0 Falge 0.p000 0 0.0 0.000 False 19
750 | P-27 TR3 L118 500.0 Steel 100.0 Falge 0.000 0 0.0 0.000 False 18
751 | P-28 1118 L120 900.0 DI 1000 False 0.900 0.000.000 False 24
752 | P-29 L120 L121 900.0 DI 1000 False 0.359 0.560.001 False 18
753 | P30 | L121 Nf:g‘a 900.0 DI 120.0|  False 0.71f 1143 0.0p1 False] 7.9
754 | P-31 L119 L122 1,000.0 Steel 100.0 False 0.000 0.00 0.000 True 7
755 | P-32 L122 L123 1,000.0 Steel 100.0 False -0.359 0.46 0.000 True 5
756 | P-34 L122 TR2 600.0 Steel 100.0 Falge 0.859 7 1.2 0.004 False 19
757 | P-36 TR2 L120 500.0 Steel 100.0 Falge 0.359 3 1.8 0.009 False 19
758 | P-35 L123 TP1 500.0 Steel 10Q.0 False 0.358 2 1.8 0.009 False 19
759 | P-37 TP1 L121 500.0 Steel 10Q.0 False 0.358 2 .8 0.009 False 20
760 | P-38 TR2 L125 150.0 Steel 100.0 Falge 0.002 2 0.1 0.000 True 50
761 | P-40 TR1 L125 500.0 Steel 100.0 Falge 0.158 1 0.8 0.002 False 24
762 | P-39 L125 L126 500.0 Steel 100.0 Falge 0.155 79 0. 0.002 False 39
763 | P-41 L126 L128 500.0 Steel 100.0 Falge 0.155 79 0. 0.002 False 27
764 | P-43 1128 L124 500.0 Steel 100.0 Falge 0.078 39 0. 0.001 False 33
765 | P-46 L126 TR6 150.0 Steel 100.0 Falge 0.000 0 0.0 0.000 False 25
766 | P-47 TR6 L127 150.0 Steel 100.0 Falge 0.p000 0 0.0 0.000 False 23
767 | P-48 L128 TR5 300.0 Steel 100.0 Falge 0.077 9 1.0 0.006 False 24
768 | P-49 TR5 L129 300.0 Steel 100.0 Falge 0.p77 9 1.0 0.006 False 24
769 | P-50 L124 TR4 300.0 Steel 100.0 Falge 0.p078 0 1.1 0.007 False 21
770 | P-51 TR4 L130 300.0 Steel 100.0 Falge 0.p78 0 1.1 0.007 False 26
771 | P-52 L127 L129 400.0 DI 1000 False 0.900 0.000.000 False 30
772 | P-53 L129 L130 400.0 DI 1000 False 0.977 0.620.002 False 33
773 | P-56 L123 J-27 1,000.0 Steel 100.0 False -0{717 0.91 0.001 True 22
774 | P-57 J-27 TR2 1,000.0 Steel 100.0 False -0{738 0.94 0.001 True 16
775 | P-58 J-27 L117 1,000.0 Steel 100.0 False 0{000 0.00 0.000 True 20
776 | P-62 J-31 JM3 300.0| Steel 100.0 False 0/000 0 P.0 0.000 False 9
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777 | P-63 JM3 J-30 250.0 Steel 10d.0 False 0000 0 P.00.000 False 10
778 | P-65 J-31 J-32 600.4 Steel 100.0  Falge 0j153 54 0. 0.001 False 19
779 | P-66 J-32 J-28 600.7 Steel 10¢.O False 0{077 27 0. 0.000 False 19
780 | P-67 J-29 J-33 300.4 Steel 10¢.O False -0/076 .08 1 0.006 False 16
781 | P-68 J-33 J-30 300.7 Steel 100.0 False 0{000 00 [0. 0.000 False 19
782 | P-69 J-32 JM4 300.0 Steel 10Q.0 False 0076 8 [1.0 0.006 False 12
783 | P-70 JM4 J-33 250.0 Steel 100.0 False 0076 6 [1.50.015 False 15
784 | P-71 J-28 JM5 300.0 Steel 100.0 False 0077 9 [1.0 0.006 False 13
785 | P-72 JM5 J-29 250.0 Steel 100.0 False 0077 6 1.50.016 False 14
786 | P-75 J-35 J-31 600.9 Steel 100.0  False 0{153 54 0. 0.001 False 16
787 | P-77 Jan Meda| J-37 600.0 Steel 1d0.0 False 10.30 1.06 0.003 False 20
788 | P-78 J-37 J-35 600.7 Steel 10¢.O False 0[227 80 [0. 0.002 False 16
789 | P-80 J-38 J-36 250.Q Steel| 100.0 False 0/073 50 |1. 0.014 False 14
790 | P-79 J-37 JM1 300.0 Steel 100.0 False 0073 4 [1.0 0.006 False 13
791 | P-81 M1 J-38 250.0 Steel 100.0 False 0073 0 1.50.014 False 16
792 | P-82 J-35 JM2 300.0 Steel 100.0 False 0074 5 [1.0 0.006 False 13
793 | P-83 JIM2 J-36 250.0 Steel 100.0 False 0074 1 1.50.014 False 14
794 | P-84 J-36 ™ 400.0 DI 100.p Fals¢ 0.147 117 009, False 1,782
795 | P-88 Jan Meda| J-42 350.0 Steel 100.0 False 80.06 0.71 0.002 False 23
796 | P-89 J-42 J-43 350.4 Steel 100.0 False 0/034 35 0. 0.001 False 17
797 | P-91 J-43 J-39 350.7 Steel 10¢.O False 0/000 00 [0. 0.000 False 20
798 | P-92 J-40 J-44 250.7 Steel 10¢.O False 0{000 00 [0. 0.000 False 20
799 | P-93 J-44 J-41 250.4 Steel 100.0 False 0/034 69 (0. 0.003 False 18
800 | P-95 J-39 JM9 200.0 Steel 100.0 False 0000 0 P.00.000 False 12
801 | P-96 JM9 J-40 150.0 Steel 10Q.0 False 000 0 P.00.000 False 15
802 | P-97 J-43 JM8 200.0 Steel 10Q.0 False 0034 8 [1.00.010 False 13
803 | P-98 JM8 J-44 150.0 Steel 100.0 False 0034 1 1.90.041 False 14
804 | P-99 J-42 JM7 200.0 Steel 100.0 False 0034 8 (1.0 0.010 False 13
805 | P-100| JM7 J-41 150.0 Steel 100.0 False 0j034 92 [1. 0.041 False 13
806 | P-101| J-41 ™ 250.0 DI 1000 Falsg 0.068 1.38 .01D False 1,730
807 | P-102| TM™M J-47 400.0 Steel 100.0 Falge 0.091 3 0.7 0.002 False 85
808 | P-103| J-47 J-45 400.( Stee! 100.0 False 0j091 .73 |0 0.002 False 34
809 | P-104| J-46 T™M2 300.0 Steel 100.0 Falge 0.,00 00 0. 0.000 False 15
810 | P-106| TM2 J-47 350.0 Steel 100.0 False 0.,00 00 0. 0.000 False 16
811 | P-105| J-45 T™M1 350.0 Steel 100.0 False 0,091 950. 0.004 False 14
812 | P-107| TM1 J-48 300.0 Steel 100.0 Falge 0,091 29 1. 0.009 False 15
813 | P-108| J-46 J-48 400.( DI 100.0 Falde 0.000 D.000.000 False 34
814 | P-109| J-48 EN 400.0 DI 100{0 False 0.091 Q.73 .000 False 1,246
815 | P-110| TM™M J-50 200.0 Steel 100.0 Falge 0.022 0 0.7 0.005 False 43
816 | P-111| J-50 J-49 200.4 Stee 100.0 False 0[022 .70 |0 0.005 False 40
817 | P-113| J-52 J-51 150.0 Stee 100.0 False 0/000 .00 |0 0.000 False 38
818 | P-115| J-50 TM4 150.0 Steel 100.0 Falge 0.,00 00 0. 0.000 False 12
819 | P-116| TM4 J-52 125.0 Steel 100.0 Falge 0.,00 00 0. 0.000 False 12
820 | P-117| J-49 T™M3 150.0 Steel 10Q.0 False 0.p022 25 1{1. 0.019 False 12
821 | P-118| TM3 J-51 125.0 Steel 100.0 False 0.022 80 [. 0.045 False 13
822 | P-119| J-51 E15 200.9 DI 1000 False 0.022 .700.005 False 1,056
823 | P-120 E15 RK 150.0 DI 1000 False 0.021 1.18 01D False 1,437
824 | P-122| Jan Meda J-132 350.0 DI 100.0 False 0(0310.32 0.001 False 1,075
825 | P-123| TM™M T12 400.0 DI 100.p Falsg¢ 0.108 0|86 003. False 63
826 | P-126| Ti12 SP15 250.0Q DI 100.0 Falde 0.p01 D.010.000 False 2,449
827 | P-127| Ti12 T13 400.0 DI 10040 False 0.093 Q.74 .00 False 130
828 | P-130| EN J-63 400.0 DI 100{0 Falsp 0.043 (.34 .0010 False 25
829 | P-131| J-63 B14 200.0 DI 1000 False 0.015 (.480.002 False 1,885
830 | P-132| J-63 J-65 200.4 Stee 100.0 False 0[028 .89 |0 0.007 False 27
831 | P-135| Bl4 SP16 150.0 DI 100.0 Falde 0.p01 D.040.000 False 2,035
832 | P-136| J-65 J-67 150.0 Stee 100.0 False 0[019 .05 |1 0.014 False 22
833 | P-137| J-67 J-64 150.0 Stee 100.0 False 0/000 .00 |0 0.000 False 20
834 | P-139| J-68 R1 150.0 DI 100{0 False 0.019 1.05 .0140 False 1,244
835 | P-140| J-67 Entotol| 150.¢ Stee 100.0 False 90|01 1.05 0.014 False 18
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836 | P-141| Entotol J-68 125.( Steel 100.0 False 90j01 1.51 0.033 False 16
837 | P-142| J-64 Entoto2 150.¢ Stee 100.0 False 00[00 0.00 0.000 False 19
838 | P-143| Entoto2 J-68 125.( DI 100.0 Falge 0.000 .000 0.000 False 33
839 | P-145| MO SP17 350.0 DI 1000 False 0.025 (.26 .0000 False 556
840 | P-146| MO J-72 400.0 Steel 100.0 Falge 0.p72 8 0.5 0.001 False 38
841 | P-148| J-72 J-73 300.0 Stee 100.0 False 0/000 .00 |0 0.000 False 28
842 | P-150| J-71 J-74 300.04 Stee 100.0 False 0/072 .02 |1 0.006 False 27
843 | P-151| J-72 MO1 300.0 Steel 100.0 False 0072 02 . 0.006 False 12
844 | P-152 MO1 J-71 250.0 Steel 10Q.0 False 0,072 47 [L. 0.014 False 12
845 | P-153| J-73 MO2 300.0 Steel 10Q.0 False 000 00 p. 0.000 False 12
846 | P-154| MO2 J-74 250.0 Steel 100.0 False 000 00 p. 0.000 False 11
847 | P-155| J-74 T-14 300.0 DI 100{0 False 0.072 1.020.006 False 3,031
848 | P-156| MO J-75 300.0 DCI 1000 False 0.001 Q.020.000 False 41
849 | P-157| J-75 MO3 300.0 Steel 100.0 False 0001 02 p. 0.000 False 20
850 | P-158| MO3 J-76 250.0 Steel 10Q.0 False 001 03 p. 0.000 False 18
851 | P-160| L35 J-79 600.0 DI 100/0 False -0.020 (.070.000 False 1,142
852 | P-162| M23 J-81 250.0 Steel 10Q.0 False 000 00 p. 0.000 False 37
853 | P-161| J-79 J-82 500.0 DI 100.0 Falde 0.024 D.120.000 False 954
854 | P-163| J-82 J-78 500.0 DI 100.0 Falde 0.024 D.120.000 False 45
855 | P-164| J-81 ME2 300.0 Steel 12Q.0 False 000 00 p. 0.000 False 17
856 | P-165| ME2 J-82 400.0 Steel 120.0 False 000 00 p. 0.000 False 12
857 | P-169| J-78 ME1 400.0 Steel 120.0 False 0003 02 p. 0.000 False 13
858 | P-170| ME1 M23 300.0 Steel 100.0 Falde 0.p03 4 (0.0 0.000 False 16
860 | P-174| M19 J-78 600.0 DI 110/0 Falsp -0.001 (.000.000 False 734
869 | P-184| R1 J-90 150.0 DCI 1000 False 0.010 .560.004 False 32
870 | P-185| J-90 R1(1) 125.Q Steel 100.0 False 0{010 0.81 0.010 False 19
871 | P-186| R1(1) E13 100.0 Steel 100.0 False 0j010 .27 1 0.031 False 20
872 | P-187| EI13 R2 125.0 DI 900 False 0.009 q.70 1 False 410
873 | P-188| R2 J-92 100.0 DCI 1000 False 0.005 .690.010 False 22
874 | P-190| El4 R3 100.0 Gl 90/0 False 0.004 Q.54 08 False 472
875 | P-189| J-92 R2(1) 100.Q Steel 100.0 False 0/005 0.69 0.010 False 16
876 | P-191| R2(1) E14 80.0 Steel 100.0 False 0005 08 . 0.029 False 19
913 | P-250| L112 C45 300.0 Steel 10Q.0 False 0041 58 p. 0.002 False 63
914 | P-251| C45 UR1 250.0 Steel 100.0 False 0041 3 .8 0.005 False 17
915 | P-252| UR1 J-55 200.0 Steel 100.0 False 0j041 30 [L. 0.014 False 19
935 | P-287| L112 L116 900.0 Steel 9d.0 Falge 0.162 25 0. 0.000 False 457
936 | P-289| L116 L46 450.0 DI 90.p Fals¢ 0.122 0.77 .00® False 1,331
937 | P-288| L116 L36 250.0 Steel 90.0 Falde 0.039 9 (0.7 0.005 False 588
938 | P-290| L36 L35 900.0 Steel 100.0 Falde -0.010 02 0. 0.000 False 213
939 | P-293| L40 L41 400.0 DI 110.p Fals¢ 0.7o7 0.05 .000 False 1,064
940 | P-294| L37 L44 300.0 DI 110.p Fals¢ 0.014 0.20 .000 False 2,498
941 | P-296| L47 L46 450.0 DI 90.p Fals¢ -0.1P5 0179 .00® False 738
942 | P-299| L44 L45 200.0 DI 90.p Fals¢ 0.016 050 009. False 562
944 | P-301| L44 L42 200.0 DI 90.p Falsg¢ -0.003 0/10 .000 False 461
946 | P-305| L154 J-79 300.0 DI 1000 False -0.004 6 (.0 0.000 False 626
947 | P-306| J-79 L113 300.0 DI 1000 False 0.009 (.130.000 False 995
948 | P-307| L113 L69 300.0 DI 100/0 Falsg 0.021 0.290.001 False 2,859
953 | P-316| L81 L83 250.0 DI 110.p Fals¢ 0.017 0.34 .00D False 704
954 | P-317| L83 L104 250.0 DI 90.0 Fals¢ 0.006 0.12 .000 False 940
955 | P-318| L113 J-70 300.0 DI 1000 False -0.020 8(0.2 0.001 False 57
956 | P-319| J-70 J-78 300.0 DI 100.0 Falde -0.020 8 (.2 0.001 False 47
957 | P-320| L104 J-70 300.0 DI 1000 False 0.000 (.000.000 False 873
959 | P-323| L112 L27 250.0 DI 1100 False 0.015 0.300.001 False 2,008
960 | P-324| L20 L24 200.0 DI 110.p Fals¢ 0.0o4 0.12 .000 False 800
961 | P-325| L69 L70 300.0 DI 110.p Fals¢ 0.019 0.27 .00@ False 76
962 | P-326| L70 L81 300.0 DI 110.p Fals¢ 0.018 0.25 .000 False 856
964 | P-328| L20 L19 400.0 DI 100.p Fals¢ 0.029 0.23 .000 False 770
965 | P-330| L19 L18 200.0 DI 110.p Fals¢ 0.019 0.62 .00® False 607
966 | P-332| J-80 L112 900.0 Steel 90.0 False 0223 35 p. 0.000 False 563
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967 | P-333| J-80 L26 200.0 DI 100{0 False 0.008 (.240.001 False 2,077
977 | P-344| L35 L155 400.0 DI 100/0 False 0.900 0.000.000 False 455
978 | P-345| L155 L154 400.0 DI 100{0 False -0.003 20.0 0.000 False 127
979 | P-346| L37 L38 600.0 DI 110.p False 0.013 0.05 .00@ False 616
980 | P-347| L38 L40 600.0 DI 1100 False 0.J09 0.03 .00@ False 345
981 | P-348| L155 L38 200.0 DI 1100 False 0.903 0.080.000 False 407
982 | P-350| L154 L108 300.0 Steel 90.0 Falge 0.001 01 0. 0.000 False 796
1014 | P-428| J-27 J-138 150. DI 10Q0.0 False 0021 16 [. 0.016 False 100
1027 | P-460| L130 J-127 400.( DI 100.0 False 0.155 231. 0.006 False 2,732
1028 | P-461| J-127 J-125 400.0 DI 90.0 False 0.061 49 0. 0.001 False 1,458
1029 | P-463| J-125 J-126 400.0 DI 10Q.0 Falge 0000 .00 p 0.000 False 20
1030 | P-464| J-126 J-124 350.0 DI 90.0 False -0.010 .11 p 0.000 False 562
1031 | P-465| J-125 J-123 150.0 DI 90.0 False 0.016 91 0. 0.013 False 1,365
1032 | P-466| J-123 J-124 150.0 DI 10Q.0 Falge 0006 .33 D 0.002 False 1,165
1033 | P-467| J-124 J-129 350.0 DI 10Q.0 False -0.014 0.15 0.000 False 1,369
1034 | P-468| J-129 J-131 350.0 DI 10Q.0 Falge -0.023 0.24 0.000 False 689
1035 | P-469| J-129 J-122 150.0 DI 90.0 False 0.005 29 . 0.001 False 1,107
1036 | P-470| J-122 J-123 150.0 DI 930.0 False -0.p12 .67 p 0.007 False 473
1037 | P-471| J-122 J-120 250.0 DI 10Q.0 Falge 0011 .22 p 0.000 False 478
1038 | P-472| J-120 J-121 150.0 DI 10Q.0 False 0003 .15p 0.000 False 654
1039 | P-473| J-120 J-115 300.0 DI 90.0 False -0.020 .29 p 0.001 False 860
1040 | P-474| J-115 J-116 500.0 DI 10Q.0 Falge -0.[133 0.68 0.001 False 629
1041 | P-475| J-116 J-130 500.0 DI 10Q.0 False -0.134 0.68 0.001 False 783
1042 | P-476| J-118 J-117 200.0 Stee| 10P.0 Fajse 50.05 1.76 0.025 False 393
1043 | P-478| J-116 J-117 200.0 DI 10Q.0 False 0000 .00 p 0.000 False 11
1044 | P-479| J-130 J-133 800.0 DI 10Q.0 False -0.[135 0.27 0.000 False 143
1045 | P-480| J-133 J-132 350.0 DI 10Q.0 Falge 0088 .92 D 0.004 False 44
1046 | P-481| J-132 J-131 350.0 DI 10Q.0 Falge 0419 .23 [1 0.007 False 63
1047 | P-483| J-118 J-134 150.0 Stee| 90.0 False 00,01 0.57 0.005 False 526
1048 | P-485| J-131 J-119 300.0 DI 90.0 False 0.095 351[. 0.012 False 667
1049 | P-487| J-119 T3 200.9 DI 80{0 False 0.005 (.170.001 False 1,366
1050 | P-488| J-119 J-118 200.0 DI 10Q.0 Falge 0046 461 0.018 False 407
1051 | P-490| T9 T8 250.0 DI 90.p False -0.001 0.02 00, False 1,287
1052 | P-491| T12 T10 200.0 DI 100{0 False 0.012 (.380.001 False 1,222
1053 | P-493| T8 T10 150.0 DI 80,0 False -0.J02 0.10 .00®@ False 960
1054 | P-494| TI10 T5 150.0 DI 900 False 0.902 0.14 00® False 260
1055 | P-495| T8 T7 250.0 DI 90.p False -0.002 0.05 00, False 84
1056 | P-496| T7 T1 250.0 DI 90.p False 0.011 022 0@, False 868
1057 | P-499| T1 T6 150.0 DI 90.p False 0.013 072 08, False 1,131
1058 | P-500| T6 T7 250.0 DI 90.p Fals¢ -0.062 126 013, False 761
1059 | P-501| IC5 IC1 200.0 DI 80.0 False -0.002 0.050.000 False 530
1060 | P-502| IC1 SP17 350.0 DI 90,0 Falde -0.018 .190.000 False 169
1061 | P-503| IC1 1C2 350.0 DI 80.0 False 0.015 0.15 .000@ False 359
1062 | P-504| IC2 IC3 300.0 DI 90.p False 0.011 0.16 .000@ False 234
1063 | P-505| IC3 IC4 200.0 DI 90.p False 0.003 0.10 .00@ False 205
1064 | P-506| SP17 1C6 200.0 DI 90,0 Falde 0.002 .050.000 False 213
1065 | P-507| T6 SP27 500.0 DI 100.0 False 0.220 1.120.004 False 1,642
1066 | P-508| SP27 MO 500.9 DI 1000 Falde 0.220 1.120.004 False 57
1076 | P-524| L20 L23 200.0 DI 100/0 False 0.012 0.390.002 False 637
1077 | P-525| L18 L160 150.0 DI 90)0 False 0.906 0.370.002 False 483
1078 | P-526| L18 L16 150.0 DI 1000 False 0.906 0.370.002 False 640
1079 | P-528| L13 L22 900.0 Steel 94.0 Falge 0.499 8 0.7 0.001 True 2,661
1080 | P-529| L13 L8 200.0 DI 1200 False 0.Jo7 0.24 .000 False 1,548
1081 | P-530| L8 L9 150.0 PVC 120{0 False 0.903 g.14 .00® False 646
1082 | P-531| L8 L7 150.0 PVC 120{0 False 0.902 g.14 .00@ False 376
1083 | P-532| J-7 L11 900.0 Steel 90.0 False 0.p88 2 0.9 0.002 True 5,178
1084 | P-534| L11 L5 350.0 DI 100.0 False 0.029 0.31 .00D False 1,209
1085 | P-535| L5 L6 250.0 PVC 120{0 False 0.902 (.05 .00@ False 754
1086 | P-536| L5 L3 250.0 PVC 120{0 False 0.024 (4.50 .00 False 839
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1087 | P-537| L3 L4 250.0 PVvC 1200 False 0.005 (.10 .00® False 173
1088 | P-538| L11 L10 350.0 DI 100/0 Falsg 0.907 0.070.000 False 1,084
1100 | P-554| Ti11 T19 150.0 DI 100/0 False -0.004 (.220.001 False 1,097
1101 | P-555| T19 T4 150.0 DI 100J0 False 0.003 g.15 .00® False 717
1102 | P-556| J-133 T19 150.0 DI 100.0 Falde 0.009 1 0.5 0.004 False 30
1108 | P-666| J-110 J-109 150.0 DI 90.0 Falge 0.005 26 0. 0.001 False 864
1115 | P-852| L31 L30 150.0 DI 100/0 Falsg -0.Jo3 0.190.001 False 226
1116 | P-654| RK7 RK10 50.0 PVC 110(0 False -0.001 2 (.3 0.004 False 377
1128 | P-585| B7 SP26 150.0 Gl 90.0 Falde 0.002 D.13 .000Q False 2,909
1134 | P-673| J-107 J-106 150.0 Gl 80.0 False -0020 .14 1 0.024 False 618
1139 | P-831| RK15 RK14 100.0 Gl 90/0 False -0.002 10.3 0.003 False 0
1142 | P-583| B10 B9 110.0 PVC 1100 False 0.000 .000.000 False 699
1144 | P-634| J-142 J-143 400.0 Stee 8p.0 False ‘70,04 0.37 0.001 False 154
1148 | P-671| J-143 J-108 200.0 PVC| 110.0 False 0051 1.63 0.018 False 1,195
1149 | P-660| RK8 RK7 50.0 PVC 110/0 False 0.000 Q.150.001 False 703
1153 | P-658| RK9 RK8 50.0 PVC 110/0 Falsp 0.000 (.020.000 False 812
1164 | P-685| G1 J-144 150.0 Stee 80.0 False -0j020 .14 |1 0.024 False 97
1165 | P-672| J-108 J-107 150.0 DI 90.0 False -0.004 250 0.001 False 404
1171 | P-830| RK20 RK15 100.0 Gl 90/0 False -0.002 60.2 0.002 False 371
1173 | P-576| B8 B1 100.0 PVC 110(0 False 0.003 (.38 .000 False 1,647
1175 | P-854| L30 L29 125.0 Gl 1000 False 0.003 (.270.001 False 247
1177 | P-678| J-112 J-113 350.0 DI 90.0 False -0.p75 .78 0 0.004 False 938
1183 | P-849| L33 L32 200.0 DI 100/0 Falsg -0.9Jo3 0.110.000 False 420
1184 | P-686| J-144 L109 100.0 Gl 90.0 Falde 0.p01 8 (0.0 0.000 False 1,042
1195 | P-758 L1 L2 125.0 DI 100.p Fals¢ -0.007 0(53 .00® False 470
1198 | P-677| J-106 J-112 300.0 DI 90.0 Falge 0.,00 00 0. 0.000 False 900
1199 | P-584| B10 B11 200.0 DI 900 False 0.001 (.04 .00® False 404
1202 | P-703| J-143 J-84 400. Stee| 80.0 False -0/100 0.80 0.004 False 384
1203 | P-704| J-84 J-137 500. DI 90.0 Falge 0.010 5 0.0 0.000 False 455
1205 | P-706| R3 E2 50.0 PVC 1100 False 0.001 .29 0040, False 281
1206 | P-708| E3 R2 100.0 DI 9040 False -0.002 g.22 0010 False 157
1207 | P-710| R1 E4 100.0 PVC 1100 Falde 0.006 D.82 .011(Q False 90
1208 | P-711| E1 R3 75.0 Gl 900 False -0.001 q.27 03 False 262
1209 | P-712| EN E16 100.0 Gl 90/0 False 0.002 0.26 0020 False 293
1210 | P-718| RK10 RK9 75.0 Gl 90)0 Falsg 0.002 0.42 .00D False 358
1211 | P-713| RK RK14 100.0 Gl 90)0 Falsg 0.903 0.35 .00® False 769
1212 | P-716| RK21 RK13 150.0 DI 9040 False -0.001 6(0.0 0.000 False 1,101
1213 | P-717| RK13 RK22 150.0 DI 5040 False 0.907 (.390.008 False 1,945
1214 | P-719 RK RK13 250.0 DI 15.p Fals¢ 0.g10 021 .01® False 307
1215 | P-720| RK13 RK21 150.0 DI 9040 False 0.901 (.060.000 False 1,122
1216 | P-721| RK20 RK21 100.0 Gl 90/0 False 0.001 Q.170.001 False 180
1217 | P-722| BY T-14 250.0 DI 80)0 Falsg -0.038 0.770.006 False 62
1218 | P-723| B7 B9 125.0 Gl 90)0 Falsg 0.902 0.13 0m False 659
1237 | P-749| J-142 J-86 400. Stee| 80.0 False 0,0290.23 0.000 False 482
1238 | P-750| J-86 J-110 200. DI 90.0 Falge 0.009 0 0.3 0.001 False 580
1239 | P-751| J-86 J-110 250. DI 90.0 Falge 0.016 3 0.3 0.001 False 611
1240 | P-752| J-110 J-109 250.0 DI 90.0 False 0.p017 36 0. 0.001 False 903
1241 | P-753| J-109 J-105 250.0 DI 90.0 Falge 0.p034 69 0. 0.004 False 1,101
1242 | P-754| J-105 J-106 300.0 DI 90.0 Falge 0.026 37 0. 0.001 False 165
1243 | P-755| J-108 J-79 200. DI 90.0 Falge 0.058 3 1.8 0.033 False 833
1244 | P-756| J-108 J-107 150.0 DI 97.0 Falge -0.p03 .16 0 0.001 False 899
1245 | P-757| J-142 J-111 300.0 DI 90.0 False 0.p015 22 0. 0.000 False 361
1246 | P-759| J-111 J-109 200.0 DI 90.0 Falge 0.013 42 0. 0.002 False 839
1247 | P-760| J-84 J-112 350. DI 90.0 Falge -0.070 72 0. 0.003 False 1,487
1248 | P-761| J-84 J-135 150. Stee| 90.0 False 00020.10 0.000 False 461
1249 | P-764| J-135 J-134 150.0 Stee| 90.0 False 0.0110.60 0.006 False 195
1250 | P-769| J-141 J-137 500.0 DI 90.0 Falge 0.,00 00 0. 0.000 False 898
1251 | P-770| J-137 J-135 150.0 DI 90.0 Falge 0.010 54 0. 0.005 False 18
1252 | P-771| J-119 J-136 300.0 DI 90.0 Falge 0.043 61 0. 0.003 False 766
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1253 | P-773| J-136 J-84 300. DI 90.0 Falge 0.043 0 0.6 0.003 False 468
1254 | P-775| J-135 J-136 150.0 DI 90.0 Falge 0.,00 00 0. 0.000 False 21
1255 | P-778| J-117 J-114 200.0 Stee| 10p.0 Fa|se 40.05 1.73 0.024 False 379
1256 | P-781| J-114 PG 200.( Stee 100.0 False 0(081 .57 [2 0.051 False 108
1257 | P-783| J-114 J-120 150.0 DI 100.0 False -0.029 1.62 0.030 False 1,063]
1258 | P-784| J-120 J-122 150.0 DI 10Q.0 False -0003 0.16 0.000 False 490
1259 | P-785| J-144 J-113 150.0 DI 10Q.0 False -0032 1.81 0.037 False 716
1260 | P-786| J-113 J-115 400.0 DI 100.0 False -0./110 0.88 0.003 False 521
1261 | P-787| G2 Gl 150.0 DI 1000 False -0.014 (.80 .0080 False 376
1262 | P-804| PG Gl 200.9 DI 1000 False -0.030 (.95 .0080 False 942
1263 | P-806| L38 L157 200.0 DI 1100 False 0.005 (.170.000 False 378
1264 | P-807| L157 L42 200.0 DI 1100 False 0.905 (.150.000 False 1,878
1265 | P-808| L157 L37 150.0 Steel 80.0 Falge -0.001 .07 0 0.000 False 829
1266 | P-805| L36 L153 600.0 DI 1100 False 0.049 (.170.000 False 290
1267 | P-809| L153 L37 600.0 DI 11040 False 0.029 (.100.000 False 84
1268 | P-810| L35 L34 400.0 DI 1000 False 0.009 0.070.000 False 139
1269 | P-811| L153 L34 200.0 DI 10040 False -0.003 94.0 0.000 False 174
1270 | P-813| L34 L153 200.0 DI 1000 False 0.003 (.090.000 False 177
1271 | P-814| L153 L37 150.0 Steel 80.0 Falge 0.001 03 0. 0.000 False 102
1272 | P-815| L34 L153 200.0 Steel 9d.0 Falge 0.002 08 0. 0.000 False 207
1273 | P-816| L153 L47 200.0 DI 1000 False 0.010 (.320.001 False 2,046
1274 | P-817| L47 L45 350.0 DI 1000 False 0.009 0.090.000 False 1,234
1275 | P-818| L153 L47 200.0 DI 10040 False 0.010 (.320.001 False 2,070
1276 | P-819| L153 L46 250.0 DI 1000 False 0.007 (.130.000 False 1,291
1277 | P-820| L30 L28 250.0 DI 100/0 Falsg -0.J10 0.210.000 False 604
1278 | P-821| L19 L32 400.0 DI 100/0 Falsg 0.907 0.050.000 False 2,787
1279 | P-822| L28 L47 200.0 DI 1000 False -0.J01 0.040.000 False 2,055
1280 | P-823| L42 L43 200.0 DI 1100 False 0.000 0.020.000 False 159
1282 | P-825| L43 L41 150.0 DI 1000 False -0.J03 0.150.000 False 1,455
1283 | P-826| J-79 L156 150.0 Gl 900 False 0.000 .020.000 False 691
1284 | P-827| L113 L82 200.0 DI 1000 False 0.007 (.230.001 False 2,150
1285 | P-828| L82 L79 125.0 Steel 100.0 Falge 0.005 40 0. 0.003 False 385
1286 | P-829| L83 L79 150.0 DI 100/0 Falsg -0.9J0o3 0.150.000 False 490
1293 | P-838| L83 L84 200.0 DI 90.p Fals¢ 0.7o2 0.07 .000 False 944
1308 | P-868| L104 L105 150.0 DI 100/0 False 0.005 70.2 0.001 False 505
1325 | P-885| J-78 M18 300.0 DI 1000 False 0.001 (.010.000 False 778
1327 | P-887| SP27 J-76 300.0 DI 100.0 False 000 0 P.00.000 False 173
1329 | P-889| J-76 SP12 300.0 DI 120.0 False 0001 2 P.00.000 False 854
1337 | P-898| IC7 J-86 400.9 Steel 90.0 False -0004 .03 D 0.000 False 257
1338 | P-897| L114 L115 900.0 Steel 90.0 Falge 0.233 .37 p 0.000 False 611
1339 | P-899| L115 J-80 900.7 Steel 90.0 False 0j231 .36 0 0.000 False 2,300
1340 | P-900| J-91 L115 150.Q Steel 90.0 False 0J000 .00 0 0.000 False 409
1341 | P-901| J-87 J-128 150. Gl 90.0 Falge 0.006 1 0.3 0.002 False 2,182
1342 | P-902| L14 L114 900.0 Steel 9d.0 Falge 0.807 48 0. 0.000 False 1,423
1343 | P-903| L15 L14 150.0 DI 1000 False -0.004 0.230.001 False 700
1344 | P-904| L11 L12 900.0 Steel 94.0 Falde 0.533 4 (.8 0.001 True 906
1345 | P-905| L12 L13 900.0 Steel 94.0 Falde 0.515 1 0.8 0.001 True 781
1405 | P-965| J-141 J-130 800.0 DI 100.0 False -0.001 0.00 0.000 False 384
1406 | P-966| B7 B13 200.0 DI 60)0 Falsg 0.013 0.40 0040 False 794
1407 | P-967| B13 B4 200.0 DI 90)0 Falsg 0.011 0.35 00D False 464
1408 | P-968| J-127 J-139 150.0 DI 100.0 False 0017 97 p 0.012 False 984
1409 | P-969| J-139 J-140 150.0 DI 100.0 False 0011 .65p 0.005 False 996
1410 | P-970| J-140 J-123 150.0 DI 100.0 False 0007 41D 0.002 False 868
1411 | P-971| J-55 G3 200.0 DI 100(0 False 0.041 1.300.014 False 520
1412 | P-972| G3 Gl 200.0 DI 100/0 False 0.031 (0.98 009 False 1,005
1413 | P-973| G4 G5 200.0 DI 900 False -0.003 (4.10 00m® False 928
1414 | P-974| G5 G6 200.0 DI 90/0 False -0.010 0.32 0010 False 768
1415 | P-975| G6 PG 200.0 DI 90/0 Falsp -0.013 Q.41 0020 False 374
1416 | P-976| T13 T15 150.0 DI 100{0 Falsg 0.009 0.530.004 False 431
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1417 | P-977| T15 Tl 150.0 DI 10040 False 0.004 g.25 .000 False 587
1418 | P-978| T13 T14 400.0 DI 100/0 False 0.083 0.660.002 False 427
1419 | P-979| Ti14 T7 400.0 DI 1000 False 0.078 (.62 .00D False 604
1420 | P-980| J-29 T16 500.7 DI 1000 False 0.153 .780.002 False 590
1421 | P-981| T16 T6 500.0 DI 100J0 False 0.148 g.75 .00D False 495
1422 | P-982| Jan Medd T17 800.D DI 100.0 False 0/238 0.47 0.000 False 539
1423 | P-983| T17 J-133 800.0 DI 100.0 Falde 0.p33 6 0.4 0.000 False 442
1424 | P-984| T10 T18 200.0 DI 100/0 False 0.005 (.170.000 False 520
1425 | P-985| T18 T9 200.0 DI 10040 False 0.003 (.09 .00 False 586
1431 | P-991| L28 L110 400.0 DI 11040 False -0.007 60.0 0.000 False 1,334
1432 | P-992| L110 L47 400.0 DI 1100 False -0.010 8(Q.0 0.000 False 638
1433 | P-993| L47 L111 400.0 DI 10040 False 0.908 (.060.000 False 1,492
1434 | P-994| L111 L28 400.0 DI 1000 False 0.005 (.040.000 False 516
1437 | P-997| L125 J-87 150.Q Gl 90,0 False 0.006 .310.002 False 43
1438 | P-998| L2 L3 125.0 DI 100.p Falsg¢ -0.014 114 .019 False 36
1441 | P-636| J-65 E12 150.0¢ DI 100.0 Falde 0.009 D.540.004 False 99
1442 | P-637| EI12 B14 150.0 DCI 1000 False 0.007 .380.002 False 1,783
1447 | P-643| L117 FCV-1 900.0 Steel 100.0 False 0.315 0.49 0.000 False 16
1448 | P-644| FCV-1 L14 900.0 Steel 90.0 Falge 0.8315 .490 0.001 False 1,046
1449 | P-646| J-101 RK10 75.0 Gl 900 False 0.003 .630.014 False 622
1450 | P-645| RK PMP-47| 75.0 Gl 90/0 Falsp 0.003 (.630.014 False 21
1451 | P-647 PMP-47 J-101 75.0 Gl 90.0 False 0.003 63 p. 0.014 False 19
1452 | P-648| T-14 PMP-4§ 100.0 DI 900 False 0.002 250. 0.002 False 23
1453 | P-649| PMP-48 B8 100.Q DI 900 False 0.002 (.250.002 False 24
1454 | P-650| RK PMP-49 150.0 DCI 1000 False 0.000 000. 0.000 False 27
1455 | P-651| PMP-49 J-101 150.0 DCI 100.0 False 0J000 0.00 0.000 False 29
1456 | P-652| T-14 PMP-5(Q 100.0 Stee 100.0 False 20{00 0.25 0.002 False 29
1457 | P-653| PMP-50 B8 100.Q Steel 100.0 False 0[002 0.25 0.002 False 34
1460 EéZa B7 J-104 90.0 DI 80.0 False 0.020 3.19 0.291 False 16
1461 | P-582| J-104 B10 250.0Q DI 900 False 0.020 .410.002 False 1,161
1478 | P-1 R-1 .Lrﬁﬁﬁ 600.0 DI 130.0 False 0.23B 0.4 0.0p1 False 9.149
1479 | P-2 R-2 .Lrﬁﬁﬁ 900.0 DI 130.0 False 2.93p 4.61 0.0[L6 False 126
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Figure B.9 Pressure and Hydraulic Grade line Fluctuation ma nodes of the Existing
Legedadi Sub-system.
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Figure B.10Sample tank levels and pump flow operation in tstesn
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Figure B.11 Sample nodes Pressure & HGL fluctuation in theesyst

Pressure (m H20)

New Graph

19.00

18.50

18.00

17.50

17.00

16.50

16.00

15.50

15.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

——  L10 - Peak hour + 1- Hr Fire flow - Pressure ]|

Pressure (m H20)

New Graph

2z.00

21.75

21.50

21.25

21.00

20.75

20.50

20.25

20.00

19.75

19.50

19.25

19.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— 13 - Peak hour + 1- Hr Fire flow - Pressure ||

Addis Ababa University Institute of Technology

Page77



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Pressure (m H20)

New Graph

75.00

50.00

25.00

~25.00

-50.00 ]

-75.00

-100.00

-125.00

-150.00

-175.00

-200.00

0.00 2.00 200 6.00 8.00 10.00 12,00 14.00 16.00 18.00 20.00 22,00 24.00
Time (hours)

——  1-125 - Peak hour + 1- Hr Fire flow - Pressure]|

Hydraulic Grade (m)

New Graph

2,411.00

2,410.50

2,410.00 ! /\

2,409.50

2,408.00

2,408.50

2,408.00

2,407.50

2,407.00 | - - ; - - ;
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— 110 - Peak hour + 1- Hr fire flow - Hydraulic Grade ||

Addis Ababa University Institute of Technology

Page78



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

New Graph

2,500.00

2,475.00

2,450.00

2,425.00

2,400.00

2,375.00 ]

2,350.00

Hydraulic Grade (m)

2,325.00

2,300.00

2,275.00

2,250.00 -

2,225.00

0.00

2.00

4.00

6.00

8.00

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time (hours)

= 1-127 - Peak hour + 1- Hr Fire flow - Hydraulic Grade I

New Graph

150.00

100.00 |

50.00

0.00 -

-50.00

Pressure (m H20)

-100.00 |

-150.00

-200.00

-250.00 4

0.oo

2.00

10.00 1z.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— 1-140 - Peak hour + 1- Hr Fire flow - Pressure I

Addis Ababa University Institute of Technology

Page79



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Mew Graph
2,500.00

2,400.00

2,300.00

2,200.00

2,100.00

Hydraulic Grade {m}

2,000.00

1,900.00

1,800.00

62.50

o.oo

-62.50
-125.00
-187.50
-250.00
-312.50
-375.00

Pressure (m H20)

-437.50

-500.00

-562.50
-625.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

=——— J-134 - Peak hour + 1- Hr Fire flow - Hydraulic Grade =——— J-134 - Peak hour + 1- Hr Fire flow - Pressure I

New Graph
22.50

20.00

17.50

15.00

12.50

10.00

Prassure (m H20)

5.00

2.50

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

=—— G6 - Peak hour + 1- Hr Fire flow - Pressure I

Addis Ababa University Institute of Technology

Page80



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Pressure (m H20)

Mew Graph
40.00 |

35.00

30.00

25.00 |

20.00 |

15.00 |

10.00 4~

5.00
0.00 ! . !
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)
—— T1-Peak hour+ 1-Hr Fire flow - Pressure I
Mew Graph

20.00

1750+

15.00

—

12.50 |
&
o
o
o5
E 10.00
=
b
£
o

7.50

5.00

2.50

0.00 - + - = =

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Time (hours)

—— EL6 - Peak hour + 1- Hr Fire flow - Pressure ||

Addis Ababa University Institute of Technology

Page81



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

40.00

35.00

30.00

25.00 |

Prassure (m H20)

15.00

10.00

20.00

New Graph

10.00 12.00 14.00 1e.00 18.00 20.00 22.00 24.00
Time (hours)

= E2 -Peak hour + 1- Hr Fire flow - Pressure I

Pressure (m H20)

100.00

New Graph

50.00 |

0.00

-50.00

-150.00 |

-200.00 |

-250.00 |

-300.00

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

== ]-123 - Peak hour + 1- Hr Fire flow - Pressure I

Addis Ababa University Institute of Technology

Page82



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Pressure (m H20)

-125.00 |

-187.50 |

-250.00 |

-312.50 1

-375.00 |

-437.50 |

-500.00

-562.50

-625.00 |

New Graph

62.50

0.00 |

-62.50 |

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

—— 1-130 - Peak hour + 1- Hr Fire flow - Pressure I

Hydraulic Grade {m)

New Graph

2,510.00

—
2,505.00

2,500.00

2,455.00

2,450.00

2,485.00

2,480.00

2,475.00

2,470.00

40.00

35.00

30.00

25.00

20.00

15.00

Pressure {m H20)

10.00

2.00

6.00 8.00 10:00 1z2.00 14.00 16:00 1g.00 20.00 22:00 24.00
Time (hours)

=—— Ti-Peak hour + 1-Hr Fire flow - Hydraulic Grade =—— T1 - Peak hour + 1- Hr Fire flow - Pressure I

Addis Ababa University Institute of Technology

Page83



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Appendix A.15Results of Nods for New Optimized Design Runhef Proposed System,
(EPS) Analysis Continuous Model

Current Time: 14 hours

ID Label Elevation Demand Pattern Demand | Hydraulic Grade Pressure Demand

(m) (md/s) (m) (m H20) Shortage

(m3/s)

129 | C1 2,410.00 0.000 2,421.86 11,83 0.000
130 | Cila 2,410.0( 0.00D 2,421.85 11)83 0.p00
131 | J4 2,410.0Q 0.00p 2,422.55 12/53 0.000
132 | J5 2,410.0Q 0.00p 2,422.40 1237 0.000
133 | J-6 2,400.0Q 0.00p 2,418.30 18[26 0.000
134 | J-7 2,400.0Q 0.00p 2,418.19 18/15 0.000
135 | L22 2,406.00 Domestic 0.032 2,405.53 -0{47 ®.po
136 | L117 2,406.00 0.000 2,405.17 -0.B3 0.000
137 | L114 2,375.00 Domestic 0.010 2,395,25 20.21 0m®.0
138 | L20 2,351.00 Domestic 0.096 2,391.74 4066 ®.00
139 | L118 2,402.00 0.100 2,467.01 64.88 0.000
140 | L119 2,402.0Q 0.000 2,405.43 3.42 0.000
141 | L120 2,402.00 0.100 2,467.02 64.88 0.000
142 | L121 2,402.00 0.100 2,467.01 64.88 0.000
143 | L122 2,402.0Q 0.000 2,405.43 3.42 0.000
144 | L123 2,402.00 0.000 2,405.43 3.42 0.000
14 | L124 2,402.01 0.00¢ 2,403.91 1.9t 0.00(¢
146 | L125 2,404.00 0.000 2,405.02 1.p2 0.000
147 | L126 2,402.00 0.000 2,404.47 2.46 0.000
148 | L127 2,402.00 0.000 2,447.00 4401 0.000
149 | L128 2,402.00 0.000 2,404.08 2.08 0.000
150 | L129 2,402.00 0.000 2,447.00 4401 0.000
151 | L130 2,402.01 0.00C 2,446.6. 44.5: 0.00(¢
152 | J-131 2,427.0( Domestic 0.002 2,454{33 21.27 0000
153 | J-124 2,420.0(¢ Domestic 0.088 2,437|20 17.16 0000
154 | J-27 2,400.0( 0.00D 2,405.46 545 0.000
155 | J-28 2,460.0( 0.00D 2,462.02 2/01 0.000
156 | J-29 2,460.0( 0.00D 2,497.80 37|72 0.p00
157 | J3C 2,460.01 0.00C 2,497.8i 37.8( 0.00(
15€ | J31 2,460.01 0.00C 2,462.0: 2.02 0.00(
159 | J-32 2,460.0( 0.00D 2,462.02 2/02 0.000
160 | J-33 2,460.0( 0.00D 2,497.88 37/80 0.p00
161 | J-35 2,460.0( 0.00D 2,462.05 2/04 0.000
162 | J-36 2,460.01 0.00C 2,517.5¢ 57.4¢ 0.00(
165 | J37 2,460.01 0.00C 2,462.00 2.07 0.00(¢
164 | J-38 2,460.0( 0.00D 2,517.y9 57|67 0.p00
165 | J-39 2,460.0( 0.00D 2,461.63 1/63 0.000
166 | J-40 2,460.0( 0.100 2,463.92 391 0.000
167 | J41 2,460.0( 0.100 2,464.86 4185 0.000
168 | J-42 2,460.0( 0.00D 2,461.y2 171 0.000
16¢€ | J43 2,460.01 0.00C 2,461.6. 1.65 0.00(¢
170 | J-44 2,460.0( 0.10D 2,464.43 4142 0.000
171 | J45 2,507.0( 0.00D 2,508.08 1j07 0.000
172 | J-46 2,507.0( 0.00D 2,569.17 62(04 0.p00
173 | J-47 2,507.0( 0.00D 2,508.15 114 0.000
174 | J-48 2,507.0( 0.00D 2,569.17 62(04 0.p00
175 | J4¢8 2,507.0 0.00C 2,500.4: -6.5€ 0.00(
176 | J-50 2,507.0( 0.00D 2,504.p2 -2[78 0.000
177 | J51 2,507.0( 0.100 1,306.70 -1,197,89 0.000
178 | J-52 2,507.0( 0.100 1,303.80 -1,200,77 0.000
179 | E15 2,564.0Q Domestic 0.005 1,306)43 -1,255.04 0.000
180 | J-133 2,432.0( Domestic 0.002 2,457|42 25.37 0000
181 | J13z 2,433.01 Domestic 0.00z2 2,456.5: 23.4i 0.00(¢
182 | T7 2,473.00 Domestic 0.012 2,501.75 28,69 0.000
183 | T12 2,512.00 Domestic 0.005 2,507[74 -4125 ®.00
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184 T9 2,459.00 Domestic 0.014 2,500.97 41,88 0.000
185 | SP15 2,490.00 Domestic 0.0p2 2,507,68 17.64 00010
186 | Ti13 2,510.00 Domestic 0.005 2,50676 -3124 ®.p0
187 | T1 2,469.0( Domestic 0.00¢ 2,500.9: 31.8¢ 0.00(

188 | Bl4 2,536.00 Domestic 0.081 2,516/01 -19.95 0®J0
189 | J-63 2,560.0( Domestic 0.000 2,566(45 6.44 00/00
190 | J-64 2,560.0( 0.000 2,564.53 4,52 0.000
191 | J-65 2,560.0( 0.00p 2,565.41 5140 0.000
192 | SP16 2,490.0 Domestic 0.0p2 2,51539 25.34 000L0
192 | J-67 2,560.0( 0.00¢ 2,564.5! 4.52 0.00(

194 | J-68 2,560.0( Domestic 0.100 2,596(02 35.95 0|0
195 | L35 2,345.00 Domestic 0.002 2,372.65 2759 @®.p0
196 | SP17 2,476.0 Domestic 0.022 2,487\57 11.55 000L0
197 ] J-71 2,483.0( 0.100 2,322.95 -159|73 0.p0o0
198 | J-72 2,483.0( 0.000 2,489.76 6/74 0.000
199 | J-73 2,483.0( 0.00p 2,489.76 6/74 0.000
200 | J-74 2,483.0( 0.100 2,322.67 -160j00 0.p0o0
201 | J-75 2,483.0( 0.000 2,489.50 6/49 0.000
202 | J-76 2,483.0( 0.00p 2,515.87 32{30 0.p00
204 | J-78 2,352.0( 0.00p 2,371.79 19{75 0.p00
205 | J-79 2,340.0( 0.000 2,372.54 32}47 0.p00
206 | M23 2,352.00 Domestic 0.009 2,41176 59,64 ®.p0
207 | J-81 2,352.0( 0.00p 2,411.76 59/64 0.p00
208 | J-82 2,352.0( 0.000 2,371.82 19{78 0.p00
209 | M18 2,345.00 Domestic 0.003 2,371[78 26,72 ®.00
211 | M19 2,345.00 Domestic 0.003 2,37179 26,73 ®.p0
215 | J-90 2,637.0( 0.000 2,640.26 325 0.000
216 | E13 2,637.0Q Domestic 0.005 2,684)34 41.25 00/00
217 | J-92 2,682.0( 0.00p -2,413,243)03 -2,4116968. 0.000
218 | E14 2,682.0Q 0.00D 2,682.00 0.00 0.004
243 | L37 2,349.00 Domestic 0.002 2,372.p1 23,47 @®.p0
244 | L112 2,350.00 Domestic 0.022 2,38916 39.08 0®J0
245 | C45 2,350.0Q 0.00D 2,389.00 3892 0.000
246 | J-55 2,350.0( 0.100 2,389.06 38/98 0.p00
247 | J-118 2,423.0(¢ Domestic 0.003 2,430}53 1.51 0|0
256 | L28 2,325.00 Domestic 0.013 2,364.62 3954 @®.p0
257 | L116 2,332.00 Domestic 0.002 2,388/64 56.52 0®J0
25¢ | L46 2,335.01 Domestic 0.01: 2,372.5 37.4¢ 0.00(

259 | L36 2,336.00 Domestic 0.002 2,372.66 36159 ®.p0
260 | L40 2,347.00 Domestic 0.009 2,372.45 25,40 .00
261 | L41 2,326.00 Domestic 0.016 2,372.29 46119 @®.p0
262 | L44 2,311.00 Domestic 0.008 2,367.98 56187 ®.p0
263 | L47 2,317.00 Domestic 0.444 2,365.09 47,99 ®.p0
26% | L45 2,305.0 Domestic 0.09¢ 2,363.3 58.2¢ 0.00(

267 | L42 2,300.00 Domestic 0.008 2,368.[13 67,99 ®.p0
269 | L154 2,340.00 Domestic 0.002 2,372/59 32.52 0®.J0
270 | L113 2,351.00 Domestic 0.004 2,371[13 20.09 0®J0
271 | L69 2,283.00 Domestic 0.005 2,352.26 69,12 @®.p0
276 | L81 2,292.00 Domestic 0.004 2,347.p7 55,46 @®.p0
277 | L104 2,320.0( Domestic 0.00< 2,340.3: 20.2¢ 0.00(

27¢ | L83 2,316.0( Domestic 0.04: 2,341.1 25.0¢ 0.00(

279 | J-70 2,352.0( 0.000 2,371.49 19/45 0.p00
281 | L27 2,339.00 Domestic 0.0585 2,372.42 3335 ®.p0
282 | L24 2,351.00 Domestic 0.014 2,390.37 3929 ®.p0
282 | L70 2,280.0( Domestic 0.00¢ 2,351.9¢ 71.8¢ 0.00(

284 | L19 2,327.01 Domestic 0.017 2,390.4( 63.3¢ 0.00(

285 | L18 2,332.00 Domestic 0.024 2,380.66 48156 @®.p0
286 | J-80 2,345.0( Domestic 0.000 2,390{10 45.00 000{0
287 | L26 2,342.00 Domestic 0.029 2,374.80 32,73 ®.p0
296 | L155 2,340.00 Domestic 0.001 2,372/60 32.53 0®.J0
297 | L38 2,349.00 Domestic 0.006 2,372.47 23142 ®.00
29¢ | L108 2,345.0( Domestic 0.00Z 2,372.5! 27.5¢ 0.00(

332 | J-138 2,390.0( Domestic 0.078 2,400{76 10.74 0000
339 | J-127 2,387.0( Domestic 0.289 2,407{19 20.15 0000
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340 | J-123 2,376.0( Domestic 0.021 2,420{11 44.02 0000
341 | J-125 2,418.0(¢ Domestic 0.170 2,402{51 -15.45 .000
342 | J-126 2,418.0( Domestic 0.039 2,43690 18.86 0000
345 | J12¢ 2,411.01 Domestic 0.01: 2,446.4( 35.3¢ 0.00(

344 | J-122 2,386.0( Domestic 0.013 2,427,98 41.89 0000
345 | J-120 2,371.0(¢ Domestic 0.110 2,428/16 571.04 0000
346 | J-121 2,366.0( Domestic 0.110 2,190{32 -17%.33 0.000

347 | J-115 2,405.0(¢ Domestic 0.008 2,441156 36.49 0000
348 | J-130 2,425.0( Domestic 0.002 2,457\16 32.09 0000
34¢ | J11¢ 2,405.0( Domestic 0.00¢ 2,448.4¢ 43.3i 0.00(

350 | J-117 2,406.0(¢ Domestic 0.004 2,426(79 20.75 0000
351 | J-84 2,410.0( 0.000 2,419.96 9/94 0.000
352 | J-134 2,411.0(¢ Domestic 0.002 2,422|62 11.60 0000
353 | J-119 2,431.0(¢ Domestic 0.003 2,443{50 12.48 0000
354 | T3 2,440.00 Domestic 0.040 2,440.16 0}{16 0.po0
355 | T11 2,410.00 Domestic 0.014 2,446/92 36.84 .00
356 | T4 2,435.00 Domestic 0.010 2,453.p4 18,01 0.000
357 | T8 2,472.00 Domestic 0.012 2,501.61 29,55 0.000
358 | T10 2,472.00 Domestic 0.0Q9 2,501,33 29.27 @.,00
359 | T5 2,455.00 Domestic 0.009 2,500.[73 4564 0.000
360 | T6 2,460.00 Domestic 0.010 2,495.85 3578 0.000
361 | IC5 2,437.00 Domestic 0.006 2,487.18 50,08 ®.p0
362 | IC1 2,472.00 Domestic 0.006 2,487.33 15,29 ®.p0
363 | IC2 2,463.00 Domestic 0.013 2,486.97 23192 ®.p0
364 | IC3 2,450.00 Domestic 0.030 2,486.67 36159 ®.p0
365 | IC4 2,432.00 Domestic 0.012 2,486.49 54138 ®.p0
366 | IC6 2,465.00 Domestic 0.006 2,487.p1 22,46 ®.p0
367 | SP27 2,491.0 Domestic 0.0p0 2,490.30 -0.69 000{0
378 | L23 2,352.00 Domestic 0.047 2,380.[12 28,06 ®.p0
379 | L160 2,334.00 Domestic 0.024 2,373/99 39.91 0m®.0
380 | L16 2,327.00 Domestic 0.024 2,366.28 39,20 @®.p0
381 | L13 2,387.00 Domestic 0.033 2,40711 20,07 ®.p0
382 | L8 2,340.00 Domestic 0.009 2,362.52 22|57 0.p0oo
383 | L9 2,332.00 Domestic 0.11)0 2,321.55 -10{43 ®.p0
384 | L7 2,363.00 Domestic 0.009 2,361.61 -1{39 0.p0o0
385 | L11 2,382.00 Domestic 0.070 2,408.91 26,85 @®.p0
386 | LS5 2,362.00 Domestic 0.009 2,401.65 39{57 0.p0o0
387 | L6 2,365.0( Domestic 0.00¢ 2,401.4 36.41 0.00(

388 | L3 2,360.00 Domestic 0.022 2,388.49 2843 0.p0oo
389 | L4 2,360.00 Domestic 0.018 2,388.36 2830 0.p0o0
390 | L10 2,392.00 Domestic 0.096 2,408.47 16,44 @®.p0
397 | T19 2,430.00 Domestic 0.010 2,45613 26.07 .00
398 | RK22 2,431.00 0.00D 2,431.00 0.po 0.026
405 | J-144 2,364.0( Domestic 0.04: 2,404.1¢ 40.11 0.00(

405 | RK7 2,511.00 0.000 2,511.00 0.p0 0.001
412 | G4 2,351.00 0.012 2,411.82 60.69 0.000
413 | L156 2,347.00 Domestic 0.001 2,372/48 25.43 0®J0
421 | J-87 2,404.0( 0.000 2,404.97 0/97 0.000
422 | L31 2,320.00 Domestic 0.013 2,360.48 40140 @®.p0
424 | SP2¢t 2,493.01 0.00(¢ 2,493.0( 0.0C 0.10¢

42t | RK20 2,500.0( 0.00¢ 2,500.0¢ 0.0C 0.00¢

426 | RK15 2,522.00 0.00D 2,522.00 0.p0 0.001
427 | J-143 2,423.0(¢ Domestic 0.008 2,417\47 -§.52 00
428 | J-112 2,346.0( Domestic 0.122 2,421125 75.10 0000
431 | B9 2,582.0( 0.00¢ 2,582.0( 0.0C 0.00¢

43t | L2 2,360.0 Domestic 0.02¢ 2,387.6( 27.6( 0.00(

438 | J-106 2,355.0( Domestic 0.024 2,396/91 41.82 0000
440 | E1 2,734.00 0.00D 2,734.00 0.p0 0.004
441 | L30 2,320.00 Domestic 0.013 2,361.99 41191 ®.p0
443 | E4 2,635.00 Domestic 0.024 2,640/00 4199 0.000
444 | L33 2,325.00 Domestic 0.013 2,389.R0 64,07 ®.00
44t | J12¢ 2,395.01 Domestic 0.021 2,394.7( -0.3C 0.00(

447 | B4 2,593.00 0.000 2,593.00 0.p0 0.041
448 | J-109 2,385.0( Domestic 0.006 2,412(62 21.56 0000
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452 | E3 2,673.00 0.00D 2,673.00 0.p0 0.007
453 | L105 2,308.00 Domestic 0.018 2,333/84 25.79 0®J0
458 | J-141 2,432.0( Domestic 0.003 2,457|16 25.11 0000
45¢ | L29 2,317.01 Domestic 0.01: 2,357.9¢ 40.9( 0.00(

463 | RK21 2,490.00 0.00D 2,490.00 0.po 0.013
464 | J-108 2,353.0( Domestic 0.004 2,391{90 38.82 0000
467 | J-110 2,417.0(¢ Domestic 0.013 2,415|05 -1.95 00
469 | E2 2,708.00 0.00D 2,708.00 0.po 0.002
470 | B7 2,631.00 0.000 2,631.00 0.p0 0.004
47¢ | RK8 2,538.0( 0.00¢ 2,538.0( 0.0C 0.001

479 | L15 2,360.00 Domestic 0.015 2,394.89 3432 ®.p0
485 | E16 2,547.0Q Domestic 0.008 2,562}46 15.43 00/00
488 | B8 2,636.00 0.000 2,636.00 0.p0 0.104
490 | RK14 2,523.00 0.00D 2,523.00 0.po 0.001
493 | L79 2,292.00 Domestic 0.009 2,343.p8 51417 @®.p0
495 | RK10 2,553.00 Domestic 0.0Q0 2,553/00 0,00 .00
501 | L1 2,356.00 Domestic 0.025 2,361.[12 5|71 0.p00
504 | J-142 2,424.0( Domestic 0.008 2,417\16 -4.83 00@
505 | L109 2,345.00 Domestic 0.002 2,402/54 57.43 0®J0
506 | J-107 2,379.0(¢ Domestic 0.049 2,389{15 10.13 0000
507 | B11 2,610.00 Domestic 0.0Q0 2,610/00 0,00 0.005
509 | G2 2,343.00 Domestic 0.053 2,393,/83 50.73 0,000
522 | B10 2,600.00 Domestic 0.0Q0 2,600,00 0,00 0.072
524 | J-86 2,434.0( 0.000 2,416.Y6 -1721 0.p00
528 | J91 2,360.0( 0.00p 2,394.15 34108 0.p00
543 | J-113 2,403.0(¢ Domestic 0.010 2,433(96 30.90 0000
547 | G1 2,364.00 Domestic 0.026 2,402[71 38.63 0,000
550 | B1 2,706.00 0.000 2,706.00 0.0 0.011
552 | RK9 2,588.00 0.000 2,588.00 0.00 0.007
554 | J-137 2,390.0(¢ Domestic 0.002 2,419(97 29.91 0000
559 | L32 2,325.00 Domestic 0.013 2,389.89 64,76 @®.p0
562 | RK13 2,520.00 0.00D 2,520.00 0.po 0.006
565 | J-105 2,358.0( Domestic 0.027 2,397{15 39.07 0000
566 | J-111 2,397.0( Domestic 0.008 2,416{77 19.73 0000
567 | J-135 2,390.0(¢ Domestic 0.002 2,420{13 30.07 0000
568 | J-136 2,390.0( Domestic 0.002 2,431{54 41.45 0000
569 | J-114 2,417.0¢ Domestic 0.008 2,423(92 §.90 0|0
57C | L157 2,339.0( Domestic 0.00¢ 2,371.7: 32.6i 0.00(

571 | L153 2,345.00 Domestic 0.002 2,372/54 27.48 0m®.J0
572 | L34 2,345.00 Domestic 0.002 2,372.62 27\57 .00
573 | L43 2,303.00 Domestic 0.008 2,368.[13 65,00 @®.p0
574 | L82 2,311.00 Domestic 0.009 2,356.38 4529 ®.p0
576 | L84 2,321.00 Domestic 0.009 2,340.66 19,62 ®.p0
58€ | SP1: 2,463.0( Domestic 0.10¢ 2,508.3! 45.2¢ 0.00(

589 | IC7 2,441.00 Domestic 0.014 2,416.75 -24,20 0m.p
590 | L115 2,370.00 Domestic 0.010 2,394/15 24.10 0®.J0
501 | L14 2,377.00 Domestic 0.015 2,400.80 23,75 ®.p0
592 | L12 2,385.00 Domestic 0.068 2,407.86 22,82 @®.p0
611 | B13 2,595.00 0.00D 2,595.00 0.p0 0.006
61z | J13¢ 2,373.0( Domestic 0.027 2,399.1 26.0¢ 0.00(

612 | J14C 2,365.0( Domestic 0.01¢ 2,401.8- 36.7i 0.00(

614 | G3 2,358.00 Domestic 0.038 2,389/09 31.03 0,000
615 | G5 2,367.00 0.026 2,412.65 45,56 0.000
616 | G6 2,402.00 0.011 2,418.46 16.43 0.000
617 | T15 2,497.0( Domestic 0.01¢ 2,500.9: 3.9C 0.00(

61€ | T14 2,492.01 Domestic 0.01¢ 2,504.3i 12.3¢ 0.00(

619 | T16 2,447.00 Domestic 0.020 2,496.62 49.52 .00
620 | T17 2,454.00 Domestic 0.020 2,459449 548 0.000
621 | T18 2,459.00 Domestic 0.0Q9 2,500/96 41.87 @.,00
625 | L110 2,306.00 Domestic 0.010 2,364,87 58.75 0®.J0
626 | L111 2,324.00 Domestic 0.010 2,364 /68 40.60 0®J0
62¢ | E1z 2,560.0 Domestic 0.01( 2,560.8( 0.8C 0.00(

632 | J-101 2,545.0( 0.000 2,545.00 0/00 0.100
634 | J-104 2,615.0(¢ 0.000 -260,689,695{13 -2602167778 0.000
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Figure B:12 Nodes Pressure Map for New Optimized Design Ruh@Proposed Syste
(EPS) Analysi
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Appendix A-16: Results of Links for New Optimized Design Run of fAroposed System,
(EPS) Analysis Contims ModelCurrent Time: 14 hours

ID Label Start Node | Stop Node | Diameter Material Hazen| Has | Flow Veloc | Headlos | Length
(mm) - Check | (m?3/s) ity =N (User
Wilia | Valve (mfs) | Cradient | pefinad)
ms C ? (m/m) (m)
730 | P-2 LAG TANK Cla 900.0 Steel 115.0 False  0.544 086 0.p01 6/890
731 | P-3 Cla Cl 700.0 Steel 100.0 False -0.1p0 0.39.000 10
732 | P-4 Looe 34 1,4000 | Steel 1100 False  1.63¢ 106 0po1 06|36
733 | P-5 J4 STz 1,200.( Stee 100.C | False | 0.00C 0.0C 0.00( 20
734 | P-6 ST2 J-5 1,200.0 Steel 100.0 False 0.000 0 0.0 0.000 20
735 | P-7 J-5 Cl 1,400.0 Steel 100.0 False 1.638 1.06).001 528
736 | P-8 J-5 J-4 1,000.0 Steel 100.0 False -1.638 09 p. 0.005 30
737 | P-9 ST3 J-6 1,200.0 Steel 100.0 False -1.044 92 D. 0.001 20
738 | P-10 J-6 Cl 1,200.0 Steel 100.0 False -1.488 32 4. 0.002 1,964
739 | P-11 Cla J-6 900.0 Steel 100.0 False 0.698 [1.1®.002 1,964
740 | P-12 ST3 J-7 1,200.0 Ductile Iron 100.0 False.084 0.96 0.001 84
741 | P-13 J-7 L22 1,200.0 Steel 100.0 False 1.259 11 1. 0.001 9,526
742 | P-14 L22 TR2 900.0 Steel 100.0 False 0.556 .870.001 35
743 | P-15 L22 ST4 1,200.0 Steel 100.0 False 0.000 00 p. 0.000 10
744 | P-16 J-7 J-6 1,000.0 Steel 100.0 FaJse -1.143 451 0.003 40
745 | P-17 L22 TR1 900.0 Steel 100.0 False 1.217 1.910.005 35
746 | P-19 TR1 L117 1,000.0 Steel 1000 Fale 1510 .92 L 0.005 40
747 | P-21 L114 AN 600.0 Steel 100{0 Fal$e 0.230 0.810.002 148
748 | P-22 L114 L20 600.0 Ductile Iron 100[0 False 268. 0.95 0.002] 1,58%
749 | P-26 L119 TR3 600.0 Steel 100.0 False 0.000 0 0.0 0.000 19
750 | P-27 TR3 L118 500.0 Steel 100.0 False 0.000 0 0.0 0.000 18
751 | P-28 1118 L120 900.0 Ductile Iron 1000 False0.100 0.16 0.00(¢ 24
752 | P-29 L120 L121 900.0 Ductile Iron 100,0 False .19Q 0.30 0.000 14
753 | P-30 L121 Jan Meda 900.0 Ductile Iron 120.0 séal 0.481 0.7§ 0.001 7,550
754 | P-31 L119 L122 1,000.0 Steel 100.0 False 0.000 0.00 0.000 7
755 | P-32 L122 L1123 1,000.0 Steel 100.0 False -0.3P1 0.50 0.000 5
756 | P-34 L122 TR2 600.0 Steel 100.0 Falke 0.391 8 1.3 0.004 19
757 | P-36 TR2 L120 500.0 Steel 100.0 Falke 0.391 9 1.9 0.011 19
758 | P-35 L123 TP1 500.0 Steel 100.0 Falke 0.390 9 1.9 0.011 19
759 | P-37 TP1 L121 500.0 Steel 100.0 Falke 0.390 9 1.9 0.011 20
760 | P-38 TR2 L125 150.0 Steel 100.0 False 0.015 6 0.8 0.009 50
761 | P40 TR1 L125 500.( Stee 100.C | False | 0.44¢ 2.2¢ 0.01< 24
762 | P-39 L125 L126 500.0 Steel 1000 False 0.450 29 2. 0.014 39
763 | P-41 L126 L128 500.0 Steel 1000 False 0.450 292. 0.014 27
764 | P-43 L128 L124 500.0 Steel 1000 False 0.225 151. 0.004 33
765 | P-46 L126 TR6 150.0 Steel 100.0 False 0.000 0 0.0 0.000 25
76€ | P-47 TR6 L127 150.( Stee 100.C | False | 0.00C 0.0C 0.00( 23
767 | P-48 L128 TR5 350.( Stee 100.C | False | 0.22¢ 2.3¢ 0.022 24
768 | P-49 TR5 L129 350.0 Steel 100.0 False 0.225 3 2.3 0.022 24
769 | P-50 L124 TR4 350.0 Steel 100.0 False 0.225 4 2.3 0.022 21
770 | P-51 TR4 L130 350.0 Steel 100.0 False 0.225 4 2.3 0.022 26
771 | P-52 L127 L129 400.0 Ductile Iron 100,0 False .000 0.00 0.000 3(
77z | P-53 L129 L130 400.( Ductile Iror 100.( | False | 0.22¢ 1.7¢ 0.01Z 33
772 | P-56 L123 J-27 1,000.( Stee 100.C | Fals¢ | -0.781] 0.9¢ 0.0071 22
774 | P-57 J-27 TR2 1,000.0 Steel 100.0 FaJse -0.858 1.09 0.002 16
775 | P-58 J-27 L117 1,000.0 Steel 100.0 FaJse 0.000 0.00 0.000 20
776 | P-62 J-31 JM3 300.0 Steel 100.0 False 0.000 0 D.0 0.000 9
777 | P-63 JM3 J-30 250.0 Steel 100.0 False 0.000 0 D.0 0.000 10
77€ | P-65 J-31 J-32 600.( Stee 100.( | False | 0.15% 0.5¢ 0.007 19
77¢ | P-66 J32 J-28 600.( Stee 100.C | False | 0.07¢ 0.2¢ 0.00( 19
780 | P-67 J-29 J-33 300.0 Steel 100.0 Fajse -0.078 .10 1 0.007 16
781 | P-68 J-33 J-30 300.0 Steel 100.0 False 0.000 00 [0. 0.000 19
782 | P-69 J-32 JM4 300.0 Steel 100.0 False 0.078 0 .1 0.007 12 %
783 | P-70 JM4 J-33 250.0 Steel 100.0 False 0.078 9 .5 0.016 15 g
784 | P-71 J-28 JM5 300.0 Steel 100.0 False 0.079 1 [L.1 0.007 13 &
78t | P-72 JME J-29 250.( Stee 100.C | False | 0.07¢ 1.6 0.01¢ 14
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786 | P-75 J-35 J-31 600.0 Steel 100.0 False 0.157 55 [0. 0.001 16
787 | P-77 Jan Meda J-37 600.0 Steel 100.0 False 30.30 1.07 0.003 20
788 | P-78 J-37 J-35 600.0 Steel 100.0 False 0.230 81 [0. 0.002 16
789 | P-80 J-38 J-36 250.0 Steel 100.0 False 0.0Y3 49 [1. 0.014 14
790 | P-79 J-37 JM1 300.0 Steel 100.0 False 0.073 3 1.0 0.006 13
791 | P-81 JM1 J-38 250.0 Steel 100.0 False 0.073 9 (1.4 0.014 16
792 | P-82 J-35 JM2 300.0 Steel 100.0 False 0.073 4 1.0 0.006 13
793 | P-83 JM2 J-36 250.0 Steel 100.0 False 0.073 9 1.4 0.014 14
794 | P-84 J-36 ™ 400.0 Ductile Iron 1000 False 46.1 1.16 0.005 1,782
795 | P-88 Jan Meda J-42 350.0 Steel 100.0 False 10.20 2.08 0.018 23
796 | P-89 J-42 J-43 350.0 Steel 100.0 False 0.101 05 [1. 0.005 17
797 | P-91 J-43 J-39 350.0 Steel 100.0 False 0.000 00 [0. 0.000 20
798 | P-92 J-40 J-44 250.0 Steel 100.0 False -0.100 .04 2 0.025 20
799 | P-93 J-44 J-41 250.0 Steel 100.0 False -0.099 .01 2 0.025 18
800 | P-95 J-39 JM9 200.0 Steel 100.0 False 0.000 0 0.0 0.000 12
801 | P-96 JM9 J-40 150.0 Steel 100.0 False 0.000 0 0.0 0.000 15
802 | P-97 J-43 JM8 250.0 Steel 100.0 False 0.101 7 2.0 0.026 13
803 | P-98 JM8 J-44 200.0 Steel 100.0 False 0.101 3 B.2 0.077 14
804 | P-99 J-42 JIM7 250.0 Steel 100.0 False 0.099 2 .0 0.025 13
805 | P-100 M7 J-41 150.0 Steel 100.0 False 0.099 61 5. 0.301 13
806 | P-101 J-41 ™ 250.0 Ductile Iron 1000 False .090 2.03 0.025 1,73
807 | P-102 ™ J-47 400.0 Steel 100.0 False 0.090 1 0.7 0.002 85
808 | P-103 J-47 J-45 400.0 Steel 100.0 False 0.090 .71 |0 0.002 34
809 | P-104 J-46 T™M2 300.0 Steel 100.0 False 0.000 00 0. 0.000 15
810 | P-106 T™M2 J-47 350.0 Steel 100.0 False 0.000 00 0. 0.000 16
811 | P-10E J-45 ™M1 350.( Stee 100.(C | Fals¢ | 0.09( 0.9: 0.00< 14
812 | P-107 T™M1 J-48 300.0 Steel 100.0 False 0.090 27 1. 0.009 15
813 | P-108 J-46 J-48 400.0 Ductile Iron 100.0 Fals6.000 0.00 0.000Q 34
814 | P-109 J-48 EN 400.0 Ductile Iron 100.0 False 090. 0.71 0.002 1,244
815 | P-110 ™ J-50 250.0 Steel 100.0 False 0.205 7 4.1 0.096 43
81€ | P-111 J50 J49 250.( Stee 100.C | False | 0.20¢ 4.17 0.09¢ 40
817 | P-112 J52 J51 200.( Stee 100.(C | False | -0.10( 3.1¢ 0.07¢ 38
818 | P-115 J-50 T™M4 150.0 Steel 100.0 False 0.000 00 0. 0.000 12
819 | P-116 TM4 J-52 125.0 Steel 100.0 False 0.000 00 0. 0.000 12
820 | P-117 J-49 TM3 200.0 Steel 100.0 False 0.205 51 6. 0.283 12
821 | P-118 TM3 J-51 200.0 Steel 100.0 False 0.205 51 6. 0.283 13
82z | P-11¢ J51 E1t 200.( Ductile Iror 100.C | Fals¢e | 0.00¢ 0.1¢ 0.00( 1,05¢
822 | P-12C E1°E RK 150.( Ductile Iror 100.C | Fals¢ | 0.00( 0.0C 0.00( 1,437
824 | P-122 Jan Meda J-132 350.0 Ductile Iron 100.0alse=| 0.103 1.07 0.005 1,075
825 | P-123 ™ T12 400.0 Ductile Iron 100|{0 False 00.2 1.65 0.010 63
826 | P-126 T12 SP15 250.0 Ductile Iron 100.0 False.00D 0.05 0.000 2,449
827 | P-127 T12 T13 400.0 Ductile Iron 100.0 False 176. 1.40 0.007| 130
82¢ | P-13C EN J63 400.( Ductile Iror 100.C | Fals¢e | 0.127 1.01 0.00< 25
82¢ | P-131 J63 B14 200.( Ductile Iror 100.C | Fals¢ | 0.057 1.82 0.027 1,88¢
830 | P-132 J-63 J-65 200.0 Steel 100.0 False 0.0y0 .22 [2 0.039 27
831 | P-135 B14 SP16 150.0 Ductile Iron 100.0 False.00D 0.14 0.000 2,03%
832 | P-136 J-65 J-67 150.0 Steel 100.0 False 0.084 .90 [1 0.041 22
833 | P-137 J-67 J-64 150.0 Steel 100.0 False 0.000 .00 [0 0.000 20
834 | P-139 J-68 R1 200.0 Ductile Iron 100.0 False .066 2.11 0.035 1,244
83t | P-14C J67 Entoto] 150.( Stee 100.( | Fals¢ | 0.03¢ 1.9C 0.041 18
836 | P-141 Entotol J-68 200.0 Steel 100.0 False 40.08 1.07 0.010 16
837 | P-142 J-64 Entoto2 150.0 Steel 100.0 False 00.0p0 0.00 0.000 19
838 | P-143 Entoto2 J-68 125.0 Ductile Iron 100.0 sé&al 0.000 0.00 0.00 3B
839 | P-145 MO SP17 350.0 Ductile Iron 100.0 False 096. 1.00 0.005| 556
840 | P-146 MO J-72 400.0 Steel 100.0 False 0.200 9 1.5 0.009 38
841 | P-148 J-72 J-73 300.0 Steel 100.0 False 0.000 .00 [0 0.000 28
842 | P-150 J-71 J-74 300.0 Steel 100.0 False 0.100 .41 (1 0.010 27
843 | P-151 J-72 MO1 300.0 Steel 100.0 False 0.200 83 p. 0.038 12
844 | P-152 MO1 J-71 300.0 Steel 100.0 False 0.200 83 p. 0.038 12
845 | P-153 J-73 MO2 300.0 Steel 100.0 False 0.000 00 p. 0.000 12
846 | P-154 MO2 J-74 250.0 Steel 100.0 False 0.000 00 D. 0.000 11
847 | P-155 J-74 T-14 300.0 Ductile Iron 100.0 Fals®.000 0.00 0.000 3,031
848 | P-156 MO J-75 300.0 Ductile Iron 100.0 False 108. 1.49 0.012] 4]
849 | P-157 J-75 MO3 300.0 Steel 100.0 False 0.105 49 f. 0.012 20
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850 | P-158 MO3 J-76 250.0 Steel 100.0 False 0.105 15 p. 0.028 18
851 | P-160 L35 J-79 600.0 Ductile Iron 100.0  False.050 0.18 0.000 1,142
852 | P-162 M23 J-81 250.0 Steel 100.0 False 0.000 00 p. 0.000 37
853 | P-161 J-79 J-82 500.0 Ductile Iron 100.0 Fals8.091 0.46 0.001 954
854 | P-163 J-82 J-78 500.0 Ductile Iron 100.0  Fas6.091 0.46 0.001 45
855 | P-164 J-81 ME2 300.0 Steel 120.0 False 0.000 00 p. 0.000 17
856 | P-165 ME2 J-82 400.0 Steel 120.0 False 0.000 00 p. 0.000 12
857 | P-169 J-78 ME1 400.0 Steel 120.0 False 0.009 08 p. 0.000 13
858 | P-170 ME1 M23 300.0 Steel 100.0 False 0.009 3 (.1 0.000 16
860 | P-174 M19 J-78 600.0 Ductile Iron 110.0  False0.003 0.01 0.009 734
869 | P-184 R1 J-90 150.0 Ductile Iron 100.0  False 01D. 0.61 0.005 37
870 | P-185 J-90 R1(1) 125.0 Steel 100.0 False 0.011 0.87 0.012 19
871 | P-186 R1(1) E13 100.0 Steel 100.0 Fajse 0.011 .37 {1 0.035 20
872 | P-187 E13 R2 125.0 Ductile Iron 130.0 False 06.0 0.47 0.002 410
873 | P-188 R2 J-92 100.0 Ductile Iron 100.0  False 000. 0.00 0.000 22
874 | P-190 E14 R3 100.0 Ductile Iron 130.0 False 0@.0 0.00 0.000 472
875 | P-189 J-92 R2(1) 100.0 Steel 100.0 False  0.002 0.29 0.000 16
876 | P-191 R2(1) E14 80.0 Steel 100.0 False 0.002 45 p. 0.009 19
913 | P-250 L112 C45 300.0 Steel 100.0 False 0.098 39 . 0.010 63
914 | P-251 C45 UR1 250.0 Steel 100.0 False  0.098 0 p.0 0.024 17
915 | P-252 UR1 J-55 250.0 Steel 100.0 False 0.098 00 R. 0.024 19
935 | P-287 L112 L116 900.0 Steel 140.0 False 0.760 .191 0.001 457
936 | P-289 L116 L46 500.0 Ductile Iron 1300  False .530 2.75 0.012 1,331
937 | P-288 L116 L36 300.0 Ductile Iron 1300 False .218 3.08 0.027, 588
938 | P-290 L36 L35 900.0 Steel 100.0 False  0.096 5 0.1 0.000 213
93¢ | P-29% L40 L41 400.( Ductile Iror 110.C | Fals¢ [ 0.02¢ 0.1¢ 0.00(¢ 1,064
940 | P-294 L37 L44 300.0 Ductile Iron 1100  False 048. 0.60 0.002 2,498
941 | P-296 L47 L46 500.0 Steel 1400 Falte -0.526 68 2. 0.010 738
942 | P-299 L44 L45 200.0 Steel 1400 Falke 0.042 5 1.3 0.008 562
944 | P-301 L44 L42 200.0 Steel 1400 False -0.007 23 0.000 461
94€ | P-30% L154 J79 300.( Ductile Iror 100.C | False | 0.00% 0.1C 0.00¢ 62€
947 | P-30€ J79 L113 300.( Ductile Iror 100.C | False | 0.03¢ 0.4¢ 0.001 99t
948 | P-307 L113 L69 300.0 Ductile Iron 1000  False .078 1.10 0.007, 2,859
953 | P-316 L81 L83 250.0 Ductile Iron 110{0 False 066. 1.29 0.009 704
954 | P-317 L83 L104 250.0 Steel 140.0 False 0.042 45 0. 0.001 940
955 | P-318 L113 J-70 300.0 Ductile Iron 100.0  False0.076 1.07 0.006 51
95€ | P-31¢ J70 J-78 300.( Ductile Iror 100.C | False | -0.07¢ 1.07 0.00¢ 47
957 | P-32C L104 J-70 300.( Ductile Iror 100.C | False | 0.00C 0.0c 0.00(¢ 87¢%
959 | P-323 L112 L27 250.0 Ductile Iron 1000  False .056 1.12 0.008 2,008
960 | P-324 L20 L24 200.0 Ductile Iron 1100 False 01@. 0.45 0.002 80(
961 | P-325 L69 L70 300.0 Ductile Iron 1100  False 078. 1.03 0.005 74
962 | P-326 L70 L81 300.0 Ductile Iron 100{0  False 060. 0.95 0.005 856
964 | P-32¢ L20 L19 400.( Stee 140.C | False | 0.11] 0.8¢ 0.007 77C
965 | P-33C L19 L18 250.( Ductile Iror 110.C | False | 0.07% 1.4¢ 0.017 607
966 | P-332 J-80 L112 900.0 Steel 140.0 False 0.935 .47 0.002 563
967 | P-333 J-80 L26 200.0 Ductile Iron 100.0 False.029 0.91 0.007 2,077
977 | P-344 L35 L155 400.0 Ductile Iron 1000  False .010 0.15 0.000 455
978 | P-345 L155 L154 400.0 Ductile Iron 100.0 Fals®.012 0.10 0.009 127
979 | P-346 L37 L38 600.0 Ductile Iron 110{0  False 049. 0.17 0.000 614
98C | P-347 L38 L40 600.( Ductile Iror 110.C | False | 0.03% 0.1Z 0.00(¢ 34t
981 | P-348 L155 L38 200.0 Ductile Iron 1100  False .008 0.18 0.000 401
982 | P-350 L154 L108 300.0 Steel 140.0 False 0.002 .03 p 0.000 796
1014 | P-428 J-27 J-138 200.0 Ductile Iron 100.0 &4ls0.078 2.47 0.047 100
1027 | P-460 L130 J-127 450.0 Ductile Iron 130.0 ¢€als0.450 2.83 0.014 2,73p
1028 | P-461 J-127 J-125 400.0 Ductile Iron 13p.0 sdégl 0.146 1.17 0.003 1,458
1029 | P-463 J-125 J-126 400.0 Ductile Iron 10p.0 sdégl 0.000 0.00 0.00 20
1030 | P-464 J-126 J-124 350.0 Ductile Iron 13p.0 sdégl -0.039 0.40 0.001 56p
1031 | P-465 J-125 J-123 150.0 Ductile Iron 13p.0 sdégl -0.024 1.33 0.013 1,365
1032 | P-466 J-123 J-124 200.0 Ductile Iron 10p.0 sdégl -0.041 1.32 0.01% 1,165
1033 | P-467 J-124 J-129 350.0 Ductile Iron 10p.0 sdégl -0.118 1.23 0.007 1,369
1034 | P-468 J-129 J-131 350.0 Ductile Iron 10p.0 sdégl -0.158 1.64 0.012 689
1035 | P-469 J-129 J-122 150.0 Ductile Iron 13p.0 sdégl 0.027 1.53 0.017 1,197
1036 | P-470 J-122 J-123 150.0 Ductile Iron 13D0.0 eTnu 0.027 1.53 0.017 478
1037 | P-471 J-122 J-120 250.0 Ductile Iron 10p.0 sdégl -0.010 0.21 0.00 478
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1038 | P-472 J-120 J-121 150.0 Ductile Iron 100.0 ségl 0.110 6.22 0.364 654
1039 | P-473 J-120 J-115 350.0 Ductile Iron 130.0 ségl -0.242 2.52 0.016 860
1040 | P-474 J-115 J-116 550.0 Ductile Iron 10D.0 ségl -0.505 2.13 0.011 629
1041 | P-475 J-116 J-130 550.0 Ductile Iron 100.0 ségl -0.509 2.14 0.011 783
1042 | P-476 J-118 J-117 200.0 Steel 10p.0 False 30.03 1.04 0.010 393
1043 | P-478 J-116 J-117 200.0 Ductile Iron 100.0 sé4gl 0.000 0.00 0.000 1N
1044 | P-479 J-130 J-133 800.0 Ductile Iron 100.0 ségl -0.514 1.02 0.002 143
1045 | P-480 J-133 J-132 400.0 Ductile Iron 100.0 sé4dl 0.306 2.43 0.02 44
1046 | P-481 J-132 J-131 400.0 Ductile Iron 100.0 sd&4gl 0.407 3.24 0.03% 63
1047 | P-483 J-118 J-134 150.0 Steel 140.0 False 80.02 1.56 0.015 526
1048 | P-485 J-131 J-119 350.0 Ductile Iron 130.0 sé4dl 0.247 2.57 0.016 66[7
1049 | P-487 J-119 T3 200.0 Ductile Iron 130.0 Fals€.020 0.65 0.002 1,366
1050 | P-488 J-119 J-118 200.0 Ductile Iron 100.0 sé4dl 0.063 2.00 0.032 407
1051 | P-490 T9 T8 250.0 Ductile Iron 1300 False 016. 0.32 0.000 1,287
1052 | P-491 T12 T10 200.0 Ductile Iron 100.0 False.020 0.76 0.005 1,222
1053 | P-493 T8 T10 150.0 Ductile Iron 130.0 False 008. 0.17 0.000 96(
1054 | P-494 T10 T5 150.0 Ductile Iron 130.0 False 009. 0.53 0.002 26(
1055 | P-495 T8 T7 250.0 Ductile Iron 130,0 False 030. 0.62 0.002] 84
1056 | P-496 T7 T1 250.0 Ductile Iron 1300 False 2R.0 0.45 0.001 868
1057 | P-499 T1 T6 150.0 Ductile Iron 1300 False 18.0 0.75 0.004 1,131
1058 | P-500 T6 T7 250.0 Ductile Iron 130,0 False 068. 1.40 0.008| 761
1059 | P-501 IC5 IC1 200.0 Ductile Iron 1300 False0.006 0.20 0.000 53
1060 | P-502 IC1 SP17 350.0 Ductile Iron 130.0 FalseD.067 0.70 0.001 169
1061 | P-503 IC1 IC2 350.0 Ductile Iron 130,0 False .056 0.57 0.001) 354
1062 | P-504 IC2 IC3 300.0 Ductile Iron 1300 False .04 0.59 0.001] 234
1062 | P-50¢ IC3 IC4 200.( Ductile Iror 130.C | Fals¢ | 0.01: 0.3¢ 0.001 20¢E
1064 | P-506 SP17 IC6 200.0 Ductile Iron 130.0 Fals8.006 0.20 0.000 21
1065 | P-507 T6 SP27 500.0 Ductile Iron 100.0 False.20® 1.06 0.003 1,642
1066 | P-508 SP27 MO 500.0 Ductile Iron 100.0 False.20® 1.06 0.003 57
1076 | P-524 L20 L23 200.0 Ductile Iron 1000 False .040 1.48 0.018 637
1077 | P-52¢ L18 L160 150.( Ductile Iror 130.C | False | 0.02¢ 1.3¢ 0.01¢ 48:
107¢ | P-52¢ L18 L16 150.( Ductile Iror 100.C | Fals¢ | 0.02¢ 1.3¢ 0.027 64C
1079 | P-528 L13 L22 900.0 Steel 140.0 Falke 0535 840. 0.001 2,661
1080 | P-529 L13 L8 250.0 Ductile Iron 1200 False 128. 2.61 0.029 1,54
1081 | P-530 L8 L9 200.0 PVC 120/0 False 0.110 3.49 .0640 646
1082 | P-531 L8 L7 150.0 PVC 120/0 False 0.009 (.53 .00 376
108: | P-532 J7 L11 900.( Stee 140.C | Fals¢e | 0.97¢ 1.52 0.002 5,17¢
108 | P-534 L11 L5 350.( Ductile Iror 100.( False¢ 0.111 1.1€ 0.00¢ 1,20¢
1085 | P-535 L5 L6 250.0 PVC 120/0 False 0.009 (.19 .00® 754
1086 | P-536 L5 L3 250.0 PVC 120/0 False 0.092 1.88 .01@ 839
1087 | P-537 L3 L4 250.0 PVC 120{0 False 0.018 (.37 .000 173
1088 | P-538 L11 L10 350.0 Ductile Iron 1000 False .026 0.27 0.000 1,084
110C | P-554 T11 T18 150.( Ductile Iror 100.C | False | -0.01¢ 0.81 0.00¢ 1,097
1101 | P-55E T19 T4 150.( Ductile Iror 100.( False¢ 0.01( 0.57 0.00¢ 717
1102 | P-556 J-133 T19 150.0 Ductile Iron 100.0 Fals8.034 1.94 0.042 3
1108 | P-666 J-110 J-109 150.0 Ductile Iron 130.0 ségl 0.010 0.58 0.003 864
1115 | P-852 131 L30 150.0 Ductile Iron 1000 False0.013 0.72 0.007 226
1116 | P-654 RK7 RK10 50.0 PVC 110|0 False -0.002 41.0 0.039 377
1128 | P-585 B7 SP26 200.0 Galvanized irpn 120.0 eFal).109 3.45 0.061 2,909
1134 | P-67< J-107 J-10€ 150.( Galvanized iro 120.C | Fals¢ | -0.021 1.21 0.01: 61¢
1139 | P-831 RK15 RK14 100.0 Galvanized irpn 120.0 Isd=g -0.024 3.00 0.11 D
1142 | P-583 B10 B9 110.0 PVvC 1100 False 0.000 .000.000 699
1144 | P-634 J-142 J-143 400.0 Steel 14D.0  False 220.1 0.97 0.002 154
1148 | P-671 J-143 J-108 250.0 PVC 110.0 False 0.100 2.04 0.021 1,195
1149 | P-660 RK8 RK7 50.0 PVC 110/0 False -0.001 0.410.007 703
1153 | P-658 RK9 RK8 50.0 PVC 110/0 False 0.00D (.240.006 812
1164 | P-685 Gl J-144 150.0 Steel 140.0 False -0.028 1.56 0.015 97|
1165 | P-672 J-108 J-107 150.0 Ductile Iron 130.0 sé4dl 0.017 0.94 0.007 4004
1171 | P-830 RK20 RK15 150.0 Galvanized irpn 90.0 sé&al -0.022 1.2 0.026 371
1173 | P-576 B8 B1 100.0 PVC 110|0 False 0.011L 1.43 .0330) 1,647
1175 | P-854 L30 L29 125.0 Galvanized irgn 100.0 @als0.013 1.03] 0.014 247
1177 | P-678 J-112 J-113 350.0 Ductile Iron 100.0 ségl -0.173 1.79 0.014 938
1183 | P-849 L33 L32 200.0 Ductile Iron 1000 False0.013 0.40 0.002 42
1184 | P-686 J-144 L109 100.0 Galvanized irpn 120.0alse=| 0.002 0.31 0.002 1,042
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1195 | P-758 L1 L2 125.0 Ductile Iron 100|0 False 028. 2.00 0.055 47(
1198 | P-677 J-106 J-112 300.0 Ductile Iron 130.0 sé4dl 0.000 0.00 0.00 900
1199 | P-584 B10 B11l 200.0 Ductile Iron 130.0 False.00B 0.14 0.000 404
1202 | P-703 J-143 J-84 400.0 Steel 14p.0 Fdlse 10.23 1.84 0.006 384
1203 | P-704 J-84 J-137 500.0 Ductile Iron 130.0 d-als-0.017 0.09 0.00( 455
1205 | P-706 R3 E2 50.0 PVC 1100 False 0.000 .00 0000, 281
1206 | P-708 E3 R2 100.0 Ductile Iron 130.0 False 0.0 0.00 0.000 157
1207 | P-710 R1 E4 200.0 PVC 1100 False 0.024 .77 .0050 90
1208 | P-711 E1 R3 75.0 Galvanized iron 120.0 Fallse.0000 0.00 0.000 267
1209 | P-712 EN E16 100.0 Galvanized irpn 120.0 F4dIse.008 0.99 0.014 29
1210 | P-718 RK10 RK9 75.0 Galvanized irgn 120.0 &als0.007 1.65) 0.041 358
1211 | P-713 RK RK14 100.0 Galvanized irgn 120.0 dals0.000 0.00 0.00( 769
1212 | P-716 RK21 RK13 150.0 Ductile Iron 130.0 Fals®.003 0.20 0.00d 1,101
1213 | P-717 RK13 RK22 150.0 Ductile Iron 130.0 Fals®.026 1.47 0.015 1,945
1214 | P-719 RK RK13 250.0 Ductile Iron 130,0 False .000 0.00 0.000 307
1215 | P-720 RK13 RK21 150.0 Ductile Iron 130.0 False0.003 0.20 0.00Q 1,122
1216 | P-721 RK20 RK21 150.0 Galvanized irpn 120.0 Isé=g 0.020 1.12 0.014 18D
1217 | P-722 B7 T-14 250.0 Ductile Iron 130.0 False .000 0.00 0.000 62
1218 | P-723 B7 B9 125.0 Galvanized irgn 120.0 False.006 0.48 0.000 659
1237 | P-749 J-142 J-86 400.0 Steel 14p.0 Fdlse 0.0[6 0.61 0.001 482
1238 | P-750 J-86 J-110 200.0 Ductile Iron 130.0 €als0.023 0.72 0.004 580
1239 | P-751 J-86 J-110 250.0 Ductile Iron 130.0 €als0.040 0.81 0.004 611
1240 | P-752 J-110 J-109 250.0 Ductile Iron 130.0 sé4gl 0.039 0.79 0.003 908
1241 | P-753 J-109 J-105 250.0 Ductile Iron 100.0 sdégl 0.073 1.48 0.014 1,101
1242 | P-754 J-105 J-106 300.0 Ductile Iron 130.0 sé4dl 0.045 0.64 0.001 166
1245 | P-75¢ J-10€ J79 200.( Ductile Iror 130.C | Fals¢ | 0.06¢ 2.1¢ 0.02: 832
1244 | P-756 J-108 J-107 150.0 Ductile Iron 130.0 ségl 0.011 0.61 0.003 899
1245 | P-757 J-142 J-111 300.0 Ductile Iron 13D.0 sdé4gl 0.038 0.54 0.001 36[L
1246 | P-759 J-111 J-109 200.0 Ductile Iron 130.0 sé4gl 0.030 0.95 0.00% 839
1247 | P-760 J-84 J-112 350.0 Ductile Iron 130.0 d&4ls-0.051 0.53] 0.001 1,487
124¢ | P-761 J-84 J13E 150.( Stee 140.C | False | -0.00< 0.21 0.00( 461
124¢ | P-764 J13E J134 150.( Stee 140.( False¢ -0.02¢ 1.4% 0.01: 19t
1250 | P-769 J-141 J-137 500.0 Ductile Iron 130.0 ségl 0.000 0.00 0.00 898
1251 | P-770 J-137 J-135 150.0 Ductile Iron 13D.0 ségl -0.019 1.09 0.009 1B
1252 | P-771 J-119 J-136 300.0 Ductile Iron 130.0 sé4gl 0.162 2.29 0.016 766
1253 | P-773 J-136 J-84 300.0 Ductile Iron 100.0 €-als0.159 2.25 0.024 468
125¢ | P-77¢ J13E J13€ 150.( Ductile Iror 130.C | False | 0.00( 0.0C 0.00( 21
125t | P-77€ J117 J114 200.( Stee 100.C | Fals¢ | 0.02¢ 0.9z 0.00¢ 37¢
1256 | P-781 J-114 PG 200.0 Steel 100.0 False 0.0B0 .97 |0 0.008 108|
1257 | P-783 J-114 J-120 150.0 Ductile Iron 10D.0 ségl -0.010 0.54 0.004 1,063
1258 | P-784 J-120 J-122 150.0 Ductile Iron 100.0 sé4gl 0.003 0.15 0.00 490
1259 | P-785 J-144 J-113 200.0 Ductile Iron 10D.0 ségl -0.073 2.3 0.042 716
126C | P-78¢ J11s J11E 400.( Ductile Iror 100.C | False | -0.25¢ 2.02 0.01f 521
1261 | P-787 G2 G1 200.( Ductile Iror 100.(C | Fals¢ | -0.05: 1.7C 0.02¢ 37€
1262 | P-804 PG Gl 250.0 Ductile Iron 100.0 False 92.0 1.86 0.022 942
1263 | P-806 L38 L157 200.0 Ductile Iron 110.0 False.015 0.49 0.002 37
1264 | P-807 L157 L42 200.0 Ductile Iron 110.0 False.015 0.48 0.002 1,878
1265 | P-808 L157 L37 150.0 Steel 140.0 False -0.0p6 0.35 0.001 829
1266 | P-805 L36 L153 600.0 Ductile Iron 110.0 False.120 0.42 0.000 29
1267 | P-80¢ L153 L37 600.( Ductile Iror 110.C | Fals¢ | 0.097 0.34 0.00( 84
1268 | P-810 L35 L34 400.0 Ductile Iron 1000 False .020 0.19 0.000 134
1269 | P-811 L153 L34 200.0 Ductile Iron 100.0 False0.007 0.21 0.000 174
1270 | P-813 L34 L153 200.0 Ductile Iron 100.0 False.007 0.21 0.000 177
1271 | P-814 L153 L37 150.0 Steel 140.0 False 0.003 .16 0 0.000 102
1272 | P-815 L34 L153 200.0 Steel 140.0 False 0.008 .27 0 0.000 207
1273 | P-816 L153 L47 200.0 Ductile Iron 100.0 False.019 0.62 0.004 2,046
1274 | P-817 L47 L45 350.0 Ductile Iron 100.0 False .050 0.52 0.001 1,234
1275 | P-818 L153 L47 200.0 Ductile Iron 100.0 False.019 0.62 0.004 2,070
1276 | P-819 L153 L46 250.0 Ductile Iron 100.0 False.000 0.00 0.000 1,291
1277 | P-820 L30 L28 250.0 Ductile Iron 1000 False0.038 0.78 0.004 604
1278 | P-821 L19 L32 400.0 Ductile Iron 1000 False .026 0.20 0.000 2,787
1279 P-822 L28 L47 200.0 Ductile Iron 100/0  False 0.064 0.14 0.000 2,055
1280 P-823 L42 L43 200.0 Ductile Iron 110/0 False .000 0.00 0.000 159
1282 P-825 L43 L41 150.0 Ductile Iron 100/0  False 0.068 0.45 0.003 1,455
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1283 P-826 J-79 L156 150.0 Galvanized iron  120.0 Ise~4 0.001 0.08 0.000 691
1284 P-827 1113 L82 200.0 Ductile Iron 100{0 False0.027 0.87 0.007 2,150
1285 P-828 182 L79 125.0 Steel 100/0 False 0.019 54 1, 0.034 385
1286 P-829 L83 L79 150.0 Ductile Iron 100/0  False 0.010 0.57 0.004 490
1293 P-838 L83 L84 200.0 Ductile Iron 130/0 False .000 0.28 0.000 944
1308 P-868 L104 L105 150.0 Ductile Iron 100[0 False0.018 1.02 0.013 505
1325 P-885 J-78 M18 300.0 Ductile Iron 1000  False0.003 0.04 0.000 778
1327 P-887 SP27 J-76 300.0 Ductile Iror) 100.0 FalseD.000 0.00 0.000 173
1329 P-889 J-76 SP12 300.0 Ductile Iror] 120.0 False0.105 1.49 0.008 854
1337 P-898 IC7 J-86 400.0 Steel 140.0 False -0.010.11 0.000 257
1338 P-897 L114 L115 900.0 Steel 1400 False 0.9731.53 0.002 611
1339 P-899 L115 J-80 900.0 Steel 140.0 False 0.9631.51 0.002 2,300
1340 P-900 J-91 L115 150.0 Steel 140.0 False 0.00®.00 0.000 409
1341 P-901 J-87 J-128 150.0 Galvanized ifon 90.0 IseFa 0.009 0.53 0.005 2,182
1342 P-902 L14 L114 900.0 Steel 1400 False 1.480 .33 2| 0.004 1,423
1343 P-903 L15 L14 150.0 Ductile Iron 100/0 False 0.015 0.85 0.009 700
1344 P-904 L11 L12 900.0 Steel 140[0  False 0.765 20 1} 0.001 906
1345 P-905 L12 L13 900.0 Steel 140/0  False 0.697 10 1l 0.001 781
1405 P-965 J-141 J-130 800.0 Ductile Iror) 100.0 sédl -0.003 0.01 0.000 384
1406 P-966 B7 B13 200.0 Ductile Iron 130{0 False 040. 1.51 0.025 794
1407 P-967 B13 B4 200.0 Ductile Iron 1300 False 040. 1.31 0.000 464
1408 P-968 J-127 J-139 150.0 Ductile Iror] 100.0 ségl 0.014 0.80 0.008 984
1409 P-969 J-139 J-140 150.0 Ductile Iror) 100.0 séal -0.008 0.44 0.003 996
1410 P-970 J-140 J-123 150.0 Ductile Iror] 100.0 sdéal -0.024 1.33 0.021 868
1411 P-971 J-55 G3 200.0 Ductile Iron 100.0 False0.002 0.06 0.000 520
1412 P-972 G3 G1 200.( Ductile Iror 100.(C | False -0.04( 1.2¢ 0.01+« 1,00¢
1413 P-973 G4 G5 200.0 Ductile Iron 1300 Falke 01P.| 0.38 0.001 928
1414 P-974 G5 G6 200.0 Ductile Iron 1300 False 038.| 1.20 0.008 768
1415 P-975 G6 PG 200.0 Ductile Iron 1300 False 049®.| 1.55 0.012 374
1416 P-976 T13 T15 150.0 DI 100.p False 0.019 1/050.014 431
1417 P-977 T15 T1 150.( Ductile Iror 100.C | False 0.00( 0.01 0.00( 587
141¢ P-97¢ T13 T14 400.( Ductile Iror 100.C False¢ 0.15:2 1.21 0.00¢ 427
1419 P-979 T14 T7 400.0 Ductile Iron 100{0 False 138. 1.06 0.004 604
1420 P-980 J-29 T16 500.0 Ductile Iron 100.0 False0.157 0.80 0.002 590
1421 P-981 T16 T6 500.0 Ductile Iron 100{0 False 130. 0.70 0.002 495
1422 P-982 Jan Meda T17 800.0 Ductile Iro 100.0 IseFqa 0.876 1.74 0.005 539
142: P-98:2 T17 J-132 800.( Ductile Iror 100.C | False 0.85¢ 1.7 0.00¢ 442
142¢ P-984 T1C T18 200.( Ductile Iror 100.(C | False 0.00¢ 0.2¢ 0.001 52C
1425 P-985 T18 T9 200.0 Ductile Iron 100{0 False .000 0.04 0.000 586
1431 P-991 L28 L110 400.0 Ductile Iron 110/0  False-0.027 0.21 0.000 1,334
1432 P-992 1110 L47 400.0 Ductile Iron 110{0  False-0.037 0.29 0.000 638
1433 P-993 L47 L111 400.0 Ductile Iron 100{0  False0.030 0.24 0.000 1,492
143¢ P-994 L1111 L28 400.( Ductile Iror 100.(C | False 0.02( 0.1¢€ 0.00( 51€
1437 P-997 L125 J-87 200.( Galvanized iro 90.( False 0.00¢ 0.3(C 0.001 43
1438 P-998 L2 L3 200.0 Ductile Iron 1000 False 05 1.68 0.023 36
1441 P-636 J-65 E12 150.0 Ductile Iron| 100.0 False0.036 2.04 0.046 99
1442 P-637 E12 B14 150.0 Ductile Iron 1000 False .020 1.47 0.025 1,783
1447 P-643 L117 FCV-1 900.0 Steel 100.0 False 1.5102.37 0.008 16
1448 P-644 FCV-1 L14 900.0 Steel 1400 False 1.5102.37 0.004 1,046
144¢ P-64€ J-101 RK1C 150.( Galvanized iro | 140.C | False 0.011 0.6( 0.00¢ 622
1450 P-645 RK PMP-47 200.0 Galvanized irpn  140.0 IséFa 0.000 0.00 0.000 21
1451 P-647 PMP-47 J-101 150.0 Galvanized ifon  140.Galse 0.074 4.17 0.000 19
1452 P-648 T-14 PMP-48 200.0 Ductile Iron| 100.0 s€al 0.000 0.00 0.000 23
1453 P-649 PMP-48 B8 150.0 Ductile Iron 130.0 False0.057 3.25 0.000 24
1454 P-650 RK PMP-49 150.0 Ductile Iron 1000  False0.000 0.00 0.000 27
1455 P-651 PMP-49 J-101 150.0 Ductile Iror) 100.0 Is¢cd 0.037 2.09 0.000 29
1456 P-652 T-14 PMP-50 100.0 Steel 100.0 False 00.00 0.00 0.000 29
1457 P-653 PMP-50 B8 200.0 Steel 100.0 False 0.0571..83 0.000 34
1460 P-582a B7 J-104 200.0 Ductile Iron 130.0 False0.077 2.44 0.000 16
1461 | P-582 J-104 B10 250.0 Ductile Iron 130.0 Fal|s8.077 1.56 0.017 1,161
1478 | P-1 R-1 LAGA TANK 600.0 Ductile Iron 130.0 False 0.238 0.84 0.J01 0 &
1479 | P-2 R-2 LAGA TANK 900.0 Ductile Iron 130.0 False 2.932 4.61 0.016 0
2357 | P-2 J-128 AN 152.4 Ductile Iron 1300 False .0tQ 0.63 0.003 [0 g_‘é’

Addis Ababa University Institute of Technology



Hydraulic Network Modeling of the Existing Water Distribution System of Addis Ababa City-(Legedadi sub system as a case study)

Figure.B.13Links Velocity Map for New Optimized Design Run of theoposed Syster
(EPS) Analysis

Scenario: New Optimized Design Run-1-1
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