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BSTRACT

In the supplementation of drinking water to civilians’ communities, the
most important think, is that the system should be capable to supply sufficient
quantity of water with good quality.

In this research, the process of treated water services in Hilla city has been
studied concerning the existed distribution network, optimal strategies for future
extension up to year (Y+Ye), optimal rehabilitation, operational reliability, and
water quality evaluation.

Concerning the water quantity, enough water could be treated and
supplied reaching to (1.0 Y %) of actual demand. In evaluating the performance
of pipe network low standard operation and pipe constituent has been realized, a
case which need careful rehabilitation in the aim of minimizing the required
cost. (Y2.Y1 %) of cost has been achieved for rehabilitation compared with the
cost of new optimum design.

In evaluating the water quality two aspects have been considered, first the
quality of treated water in the treatment plant. The analysis was conducted for
(turbidity, pH, electrical conductivity, calcium, magnesium, chloride, alkalinity,
total hardness, T.D.S, and T.S.S). The second aspect is concerning the study of
reliability for turbidity and hardness. Reliability of Hilla Al- Kadeem water
treatment plant was found to be (Y2.4¢ %) for potable water turbidity, (¢.¢7 %)
for raw water turbidity, ().« £Y %) for potable water hardness, and (¢V.¢ %) for
raw water hardness.

In this research, five computer programs have been used, for analyzing
pipe network, optimum design, optimum rehabilitation, reliability analysis, and
(STATISTICA) program for statistical analysis of the data.

AR
NP



(&) el Aail 5 (m) sl s )

b e A gusll

@L\S ¢u_.;4.d el Culd Lg.ﬂ\ ol A
Lﬁﬂ\j 9 é.ﬂ‘j

slall (B s A3 s
sl g el

AT c.z.\)m\ &J@Azﬂg&\

iadAll

daiall Legi®Blal dagall pracal gall (e Ainall Claaaill 3 jeaall olsall ApaS 5 de 53 il
_ bl gall dalall

sac e el g Alal) Aaad dliall Ll ead ciladd Jla @l g Ay a3 ¢ Jlall Caald)
J..gdaﬁj(\"~*°)€1.c&mmy‘&mjﬁdﬁﬂ\@jﬂ\wﬁgﬁﬁ#c“_?.Ach\AA
Celall o gl Jalaill g Juadll dgalaie ) o 4S0al Jia) Jaall

(AT 00) ) o oy gl LS (e 2SN 25 088 ¢ olpall et oy (3lahy Le
5 Al i) bl 4US aae e aSl a3 088 0y 5 i) 4SS o] il e g Ardll Callall (e
(Y0¥ 0p) Llaiay Al (pardds Alla oy Loy deshaiall Juals ) callaty 21 ) ¢ Al Al
3y AE] Jial i g et A6l 45l

¢ & somiall b dallaall slyall dge 530 JoW) ¢ il Al o a8 ¢ olpall o sl Cailall i g
S sill ¢ Fan el a0 358l ) Leiay iladl aa 8 jualiall aal e 530S il a5 Cu
ANl o gall 5 A0S AN o) gall € B yannll ¢ Bpae ) ¢ 2l SISH ¢ griiall ¢ o sl (5L 5eSY)
Lalaie) g aa g 85 5 juall 5 5 sSall Lualaic V) day) sua 4l jo (8 Blady  SEN cailadl 5 ¢ (4K
)d%}w}g)ﬂéﬁ\;w(\/ﬂ.ﬂo %)d@}@ﬁjﬂ\;\jﬂ‘c\.«@mwcw\ajj&
(0. + £Y7)J A sluse Anadll ellil oLl 5 jue dpalaic) o) Gl 5 G pill mllia jall cLll(£. €7 0
il e sl elall (£ £7)J 4 slse 5 il mlliall olall

JaaY) Jaalill 5 JaeY) apaaill o) yal 5 3<0a Jolail Coslall el 0 dsad pladinl &5 il
Lalall bl Jolatl ( STATISTICA ) Jalall sy gl yall ) Al Zyalaic V) Jalas
L & el



CaPter ON: ...ttt e e e et Introduction

Chapter One

Introduction

V.Y: General

Water is an essential item for any living, without it, it is not possible to
survive, it is a free gift of God to the human race. Much of that earliest activity
IS subject to speculation. Through out recorded history all ancient civilizations
were developed along the riverbanks.

A water supply and distribution system are made up of a raw water
supply, treatment facilities, pumping stations, storage facilities, and an
integrated pipe network.

The analysis of such a system is a complex process due to the large
number of pipes connecting various supply and demand points. The laws of
conservation of mass and energy govern the distribution of flow in a pipe
network under steady state conditions.

Several methods have been proposed for the solution of the water
distribution system problems. The earliest analytical method dealing with the
problem was proposed by Hardy-Cross (Y4Y1) [¢)]. The advent of simple
microcomputers has left no excuse for engineers to avoid computer solution to
the problem.

After computers became available, there are several methods became
easier to be used with a high accuracy for analysis of a water distribution
system, such as the linear theory method, Newton-Raphson method, Finite-

element method, etc.
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Both analog and digital computers were used In analyzing distribution
networks by the above methods. The first deals with continuous physical
variables while the second is concerned only with numerical values. The analog
computer acts as a physical model of the system to be studied and produces
results, which are limited in accuracy only by the physical elements of the
model. The digital computer is theoretically limited in accuracy only by the
reliability of original input data.

The cost of pipe network and its fittings form more than (¢+ %) from the
total cost of project [%], so pipe network is important in the stage of design and
consideration of cost. In the scope of design the study has dealing to find the
optimum design for pipe network to satisfy the best balance between the
performance of pipe network and its cost.

The subject of performance deficit of pipe networks is very important,
and this deficit result is due to the end of design age of pipe network, a case
which causes cracks and leakage through pipes once the pressure is increased to
supply the amount of water that satisfy the demand.

In general, reliability is defined as the probability that the system
performs within specified limits for a given period of time. Traditionally, water
distribution systems have been designed to be completely reliable. However,
increasingly scarcity of public for construction and maintenance and the
advanced age of many systems are causing the reliability of water distribution
systems to become an important issue to water system designers and operators.
Beyond a general agreement that systems should be “reliable” analysts do not
concur on how reliability is defined measured or assessed for existing systems.

Conventionally, systems must conform to a limited set of reliability
guidelines. For example, most systems are designed so that each demand point is
supplied from two directions.

Contingency analysis may also be performed for a few cases, e.g., to

ensure that the system will still perform adequately when one pump has failed.
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However, reliability depends on the probabilistic occurrence of pipe and pump
or any element failures, whereas these fixed guidelines treat reliability

deterministically.

\.Y: Objectives of the research

The main objectives of this research can be summarized as follows:

V. Evaluating the existing water supply system of Hilla city and concerning
both capability of supplying the present and future demand, and the water
quality.

Y. Obtaining the optimal decision about the solutions required, between,
designing a new system, or, rehabilitation and development of the existing

network.
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Chapter Two

Review of Literature

Y)Y : Introduction

Water distribution network involves the interaction of many processes.
Two of these are the analysis of pipes network and the possibility of water
pollution.

Many researches concerned with the methods of analysis, methods of
design of pipes network, pipes material, location of tanks, reliability analysis,
and quality of water. Classification of researches according to their scopes is
presented in this Chapter.

Y.Y: Methods of analysis of pipe network

There are many methods for the analysis of pipe networks, among these
methods are:

Y.YV): Hardy Cross method

This method was considered as the oldest and the most practical method
for systematic solution of distribution network [£Y]. This method is well suited
for application in design offices and can be easily adapted for computer

computation. Hoag and Weinberg, Graves and Branscome, Adams and
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Dillingham describe the computer programs written to perform the Hardy Cross

analysis.

Y.Y.Y: Section method

Hoag and Weinberg (Y4¢V) [YA] had explained that section method is
not a true analytical technique but it is a very valuable tool since it is capable to
give a rapid approximate evaluation of the network systems. Following the
determination of demands on a system, arbitrary drawn sections divide the
network and the assumption is made that the hydraulic gradient is the same for
all pipes crossing the section. With the properties of the pipes and the total flow
across the section known, it is easy to calculate the actual hydraulic gradient at
the section chosen. It is not, however, satisfactory for evaluating hydraulic
conditions in a system with multiple constants —head input such as what is found

in the reservoirs.

Y.Y.Y: Equivalent pipe length method

In (Y417Y) Tong [¢°] introduced the equivalent pipe length method, in
this method all pipes diameters replaced by an equivalent diameter (Y++ mm)
and coefficient of Hazen-Williams (C = Y:+), and then takes the algebraic
summation of equivalent pipes lengths in each loop and equalized to zero. After
balancing the network, all pipes diameter (equivalent) return to its real
diameters.

Raman and Raman (Y4%1%) [¢+] showed mathematically that the
summation of equivalent length divided by discharge in each pipe must be

equalized zero, not the summation of equivalent length of pipes.
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Y.Y.¢: Newton-Raphson method

Shamir and Howard (Y41A) [¢)] studied Newton-Raphson method.
Newton-Raphson method solve equations by iterations and iterates on the set of

equations simultaneously.

Y.Y¢: Finite-Element method

Collins and Johnson (Y4Ve) [A] provided a method to analyze pipe
network by the finite-element method, the two authors showed that the method
has many advantages, most of these advantages hold true in a comparison with
any loop method. The major advantage is the speed of convergence and the
apparent lack of convergence problems of the proposed method over the Hardy
Cross balancing flows method (Nodal method). Other important advantages are
the ability to include in the analysis all types of hydraulic elements, the choice
of flow-head loss relationships and the lack of artificial loops. Inspite of its
advantages, this method can be considered more complex for programing and
need large computer memory than Hardy Cross method; for example, if the
network contains () + +) nodes, the matrix consists of ()« +) columns and () ++)

rOws.

YY1 : Matrix form method

In (Y449A) Jeppson [YV] developed a new method, which depends on
matrix form, the governing equation is:
P=J+L+F->. . (Y-Y)
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Where:
P: number of pipes in the system, which means there are (P) unknowns (Q-
values).
J: number of junctions or nodes.
L: number of primary loops.
F: number of fixed grade nodes (that is, nodes that have known hydraulic grade
line such as reservoirs and pumps) (heads).

The matrix formed by writing the continuity equation at each node and
energy equation for each loop. These equations are nonlinear because of the
nonlinear relationship between head losses and discharges, so, the equations
must be linearized to be suitable for matrix solution. Various techniques exist to
do this, but all required some types of iteration solution procedure. So, each
head loss term is written as a relationship with discharge (Q) and the properties
of pipe (K) are as follows [YV]:

KiQu=(KiQ"™' Qi ,{i=%, %" ..} ... (-
Y)

To solve the system, a guess has to be done for the initial value of (Q) in
each pipe so that the coefficient matrix (K Q "' ;) can be determined. Next, the
matrix is a set of equations solved for new (Q) in each pipe, which are compared
with previous (Q). If they are the same (to an acceptable level of accuracy) then
the solution is terminated. If they are differ, then the calculated (Q) values are

set as guess values and the process is repeated until the system converges.

YY : Design methods of pipe networks

Jacoby in (Y413 A) [Y+] suggested a method of nonlinear programing for
the optimal design of pipe network. This method find the optimum theoretical
pipe diameters and then these diameters are approximated to the nearest

commercial diameters, which were available.
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AL - Ani in (Y4A®) [Y] suggested a method for optimum design, which
was explained and used in the present study. The author mentioned that this
method leads to a cost less obtained by the cost that the other methods with (¢
%-11.° %). Also, he noticed that no optimum flow velocity can be acheived
and the velocity of flow in pipes vary between (+.+Y-Y.+) (m/s).

Nakashima and Wenzel in (Y4A1) [¥7] developed an optimization
model for designing an economical regional water supply system that consists of
water production and water transmission facilities. Water demands are assumed
to increase during the planning horizon and to be satisfied from several
potentials supply sources. The method consists of two mathematical models.
The phase | model selects a system layout, along with capacities in a
transmission and source system subject to constrains on water availability at
potential source and on increasing water demands. With a given solution from
the phase | model as input, the phase Il model determined facility components in
the transmission system, i.e., pumping locations, capacities, and pipeline
diameters.

Mathews in (Y44¢) [Y4] introduced a numerical optimization procedure
for complex pipe and duct network design, and shows that the design of
optimum pipe and duct networks with available procedures is difficult, if not
impossible. The design is formulated as a constrained nonlinear optimization
problem. The problem is solved by using a unique numerical optimization
algorithm. The solution entails the calculation of the cross sectional dimensions
of the duct pipes so that the life cycle cost of the network is minimized. It was
shown that the optimized solution would cost (Y £%) less than the conventioneer
design techniques.

In (Y449%) Amnuewattanakul [¢] mentioned that the Hardy Cross
method is one of the methods that used in designing the horizontal piping
system which uses the mass and energy conservation of the fluid in the system.

The author prepared a program for designing piping system. This program
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requires a sort of plant and an area to fix a desire-piping diagram. After that, the
user must provide the basic data such as flow rates or the quantity of water
needed in each section as the independent variables such as piping materials,

diameter, length and fittings to the program.

Y.¢: Researches on pipes materials and behavior of
buried pipes

There are many researches that concerning materials of pipes. Stafford in
(Y44Y) [£Y] explained that the most commonly used pipes materials are
PolyVinyl Chloride, known as PVC and High-Density Polythene, known as
HDPE. Under special circumstances, especially when the pipeline has to
withstand high pressures, Galvanized Iron (GI) pipes are used. Materials of PVC
pipes degrades when exposed to sunlight, losing part of its strength and
becoming brittle, care should, therefore, be taken to cover PVC pipes when they
are stocked in the open. He, also, concluded that the Asbestos — cement pipes for

human water supply should be avoided.

Y. : Location of tanks

Deb and Sharker in (Y4VY) [Y+] found that the cost of a water
distribution system depend on the position of the elevated service tanks. The
cost is the maximum when it is located at one corner and is the minimum when
it is placed at the center of the network. In the problem considered in his study,
the total cost of the system is found to be (1.YY) times more when the reservoir

position is at one corner of the network than when it is at the center.
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While Steel [°V] suggested the locations of tanks at distribution systems.
He stated that location of tanks at the opposite side of pumping station would
reduce cost. During a high consumption a certain region will be feeded from the
two sides and the head losses in the main pipes will reduce approximately to the
quarter. When the tanks lie near pumping station they cause a weak hydraulic

grade line and low pressure at the remote regions.

Y1: Reliability analysis

Suet. al. in (Y 4AY) [eY] evaluated reliability using “minimum cut set”. A
minimum cut set is a set of system components which, when failed, causes failur
of the system. They present the basic framework for a model that can be used to
determine the optimal (least-cost) design of a water distribution system subject
to continuity, conservation of energy, nodal head bounds, and reliability
constraints. The overall model includes three models that are linked: a steady-
state simulation model, a reliability model, and an optimization model. The
simulation model is used to implicity solves the continuity and energy
constraints and is used in the reliability model to define minimum cut sets. The
reliability model, which is based on a minimum cut set method, determines the
values of the system and nodal reliability. The optimization model is based on a
generalized reduced-gradient method.

Fujiwara in (Y44Y) [YY] analyzed the reliability of water supply systems
consisting of water source, water treatment plant, storage, pumping station, and
a lumped demand node in series. The random fluctuation of the water quality of
the source water, the limited water-processing rate of the treatment plant,
random pump failure and repair and random demand variation are considered
for the assessment of the system reliability. Expected demand shortage is
employed as a measurement of system reliability. The decision to be made is the

optimal water-processing rate at the treatment plant at each period so that the

VA0

N
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total expected shortage over a finite time horizon is minimized. Dynamic
programming is employed to formulate the model.

Gupta in (Y44¢) [Ye] showed that the traditional network analysis
(Hardy Cross, Newton-Raphson) presumes that the nodal demands are always
satisfied in a water-distribution system and determines the available heads-
however, when a pump fails or pipe breaks, the water-distribution system may
be unable to supply all nodal demands at required heads. Thus, the traditional
network analysis does not correctly describe the partially failed water-
distribution system. In reliability analysis of water-distribution system, however,
the nodal flows that would be available under deficient conditions should be
evaluated and used. Therefore, an approach termed node flow analysis that
determines the available nodal flows under deficient conditions by considering
the nodal demands and heads, simultaneously, is presented for determining
water-distribution system reliability. The reliability is based on a node-reliability
factor, volume-reliability factor, and network-reliability factor. Even though
water-distribution system reliability depends on several parameters, only the
pipe break and pump failure conditions are considered. However, several
loading patterns, including fire flow requirements, can be considered as
illustrated by a hypothetical example.

Kim (Y44¢) [YY] introduced a new methodology that can select the pipes
to be rehabilitated and / or replaced in an existing water-distribution system.
Also, determined the increase in pumping capacities so that the water demand
and pressure requirement at all demand nodes are satisfied while the total
rehabilitation and energy cost is minimized. Four cost functions are considered:
pipe replacement cost, pipe rehabilitation cost, pipe repair cost and pumping
cost. The methodology considers the trade-off among decisions regarding each
pipe: replace pipes, reline pipes, or leave as it is.

In (Y49A) Al-Shaibani [£] from his research work on reliability of

networks, reported two aspects, first, is to determine the degree of reliability of

VA0

N
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networks under different states, which in this work considered the daily pattern
flow, the demand excess, and the break pipes. Then determined the reliability
factors. Second aspect, is to improve the network by using different alternatives
based on modification the head at nodal demands by various methods such as
increasing diameters, friction coefficient Cpy, booster pumps, increase fixed
head nodes, or any method of improvement to the head at nodal demands with
small different in cost considering the original network is conserved. Then select

the best alternate with least cost.

Y.Y: Water quality analysis

Myers (Y44¢) [Y°] mentioned that the copper tubing in potable water
systems is highly resistant to corrosion. However, pitting attack will occur in
tubing carrying cold water with an aggressive chemistry (typically, pH of V.+ to
V.Y and dissolved carbon dioxide of at least Y mg / ). The most cost —
effective method for preventing this pitting is altering the water chemistry by
raising the pH and reducing carbon dioxide content.

The relative efficiencies of slow sand filtration and rapid gravity filtration
system were discussed by Lambert (Y44¢) [YY]. Relative efficiencies were
about the removal of pesticides, organic colour and nutrients, as well as their
abilities to deal with pollution incidents and their relative costs. In general, slow
sand filtration systems were found to be poorer than coagulant-assisted rapid
gravity filtration systems for the removal of organic colour, but more efficient
for the removal of several commonly occurring pesticides. Slow sand filtration
was also process for the production of biologically stable finished waters and,
for small to medium-sized plants, appeared to incur no greater capital costs than
comparable rapid sand filtration plants.

Mechi in (Y++ V) [Y)] studied the evaluation of water quality in Najaf city
in two sides, first related with the study of supplied water quality in the net for

AN

N
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the parameters (turbidity, pH, electrical conductivity, calcium, magnesium,
chloride, total hardness, alkalinity, T.D.S, and T.S.S) by taking samples from
the terminal places of the net and testing them, in Najaf city water services
center lab, the results were compared with standard specification and conditions.
Second, is the studding of the data information for the period from January to
December (Y- +Y) about the results of raw water test and drinking water test in
the treatment plant for the same group of that maintained properties and
sketching the relations. Also, he studied the quantity of water, which arrived to
inhibition places. From the test results has been found that the quantity of water
is in the required level, although there is some needes in some places in the city.

Holton Purification Plant (Y+ «Y) report [ 4], has given a study about
reasons which make water sometimes ” Cloudy “ looking in the winter. Plant’s
experience has shown that the cloudiness is simply the result of excess air in the
water. Under certain conditions, water is capable of becoming supersaturated
with dissolved air. This is a common occurrence during the winter months of the
year and is due to the ability of cold water to retain large quantities of dissolved
air, which is kept in solution mainly by temperature and pressure. As the water
temperature is increased and the pressure released (as in opening the faucet ) the
dissolved air rapidly comes out of solution, imparting a temporary, cloudy

¢

appearance to the water. The “Cloudy “ appearance is due to the sudden
formation of tiny air bubbles, which slowly rise to the top. This condition
usually lasts a minute or two, and then it will be clear. Although it is not a health
hazared, entrapped air can impart an aesthetically unpleasant appearance to the
water. If the consumer finds this appearance too unappetizing, a simple remedy
is to fill a container with cold water and place it on the counter or in the
refrigerator. Under normal pressure conditions, the air will quickly dissipate in a
few minutes and the water may then be used for drinking and cooking purposes.
Also this plant produced a study about using hot water from the tap for cooking,

in the same year (Y +Y). The study shows that the using hot water directly from

VA0

N
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the tap for cooking is generally not recommended. Hot water is more likely to
contain dissolved metals such as iron, copper, and lead, picked up from the
household plumbing and hot water tank. A better idea is to allow the cold water
to run for a few minutes until good and cold, and then use this water for cooking
and other consumption purposes. Allowing the water to run its coldest insures
adequate flusing of the home’s water service line and the interior household
plumbing, which have both been identified as sources of copper and lead
contamination in drinking water.

In (YY) Hashim [Y7] drew a conclusion when he used Niku et. al
method, that the dependability study of Al — Kerkh wastewater treatment plant
showed that the performance of this plant before the war of Y4%) was in an
excellent state and within the Iragi standards. Where the treatment process was
stable during that period and the overall reliability was 41.1% % for effluent
BOD. and 4.7 % for effluent S.S. But after the war of Y43, the plant became
unstable and the overall reliability dropped to ¢Y.)Y % for effluent BOD. and to
).+« 9% for effluent S.S.
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Chapter Three

Basic Equations and Methods of Ana[ys is

¥Y.): Introduction

Water distribution system are needed to convey the water drawn from the
source, through treatment and storage facilities, to the points where it is
delivered to the users. Pipe network consists of pipes, which connected with
each other to establish nodes (draw off nodes or supply nodes) and loops in
pipes distribution system.

There are two types of piped distribution systems:

Y- Branched systems are those that convey water from a distribution main to
different consumption points, following a tree like pattern, all their branches
finish in dead ends. Their design is straightforward but has a main disadvantage
in the fact that it causes stagnant water pockets in all dead ends. If repairs are
necessary, large areas must be cut off from service. Head losses, due to heavy
local demands-or during a fire- may be excessive unless the pipes are quite
large.

Y- Looped network systems usually have ring mains to which secondary pipes
may be connected. Their design is much more complicated, with them the
possibility of stagnant water is reduced. If part of the pipeline needs cleaning or
repair, it may be isolated from the rest of the system (with appropriate valves);

all watering points outside of it may continue to be supplied.

Y.Y: Analysis methods of pipe networks
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Some of the analysis methods of pipe networks- that generally discussed in

the previous chapter- are:

Y- Hardy Cross method.

Y- Finite-Element method.

Y- Newton-Raphson method.

¢- Section method.

°- Equivalent pipe length method.

1- Matrix form method.

Y.Y: General equations for network analysis

The equations to analyze a network of pipe in a water distribution system
are derived from conservation of mass and conservation of energy as formed

below. The mass conservation is [YA]:

MtAt_Mt L
+ =3 M. (YD)
A 21 . (*-Y)
Where:

M ¢ mass of the flow (F T'/L).

M ¢ mass of flow after (At) time (F T'/L).

Nd: number of pipes, which connected with a certain node.
M;: mass flow rate (F T/L).

For steady state, incompressible flow in a pipe, the conservation of mass
equation becomes the continuity equation, and the left hand side of the equation
(¥-)) becomes zero. This implies that the total mass flow rate into a node is
equal to the total mass flow rate out of the node, which means Y Q = -.

Vo

N>
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Under the same assumptions, plus assuming there are no pumps or turbines
in the system, the conservation of energy equation says that for any primary
loops X hs = +. Also the flow-head loss relationship (such as Darcy-Weisbach or
Hazen-Williams) must be satisfied for each pipe. When the discharge flowing
through the pipe, there are two types of losses; major losses are due to friction
between the moving fluid and the inside walls of the pipe; and minor losses are
due to fittings such as valves and elbows. The minor losses can be neglected
when the ratio between the length and the diameter is large [Y°].

There are many equations to calculate the major losses. From these

equations are:

Y.Y.): Darcy-Weisbach equation

The equation of Darcy-Weisbach for head losses is: [Y1].
LV?
h, =f—— .. (YY)

Where:

hs. head losses in pipe (L)

f: Moody friction factor (dimensionless)
L: length of pipe (L)

D: pipe diameter (L)

V: average velocity of flow in pipe (L/T)

g: acceleration due to gravity = YY) V¢ ft/s’ = 4.A«1 T m/s’

In order to solve problems by the equation (¥-Y), it is necessary to have a
mathematical formulation for the friction factor, f, in terms of Reynolds

number, Re=VD/v, and relative roughness, e/D. To calculate friction factor, f,
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there are three main formulas depend on Reynolds number and relative

roughness [Y1].

If laminar flow {R¢<¢ -+« and any e/D} then:

o4 L (T-T)
If turbulent flow {¢+++ < Re< V+"and + < e/D < +.+°} then Colebrook
equation is applicable:

i:—2.Olog(E/—D+ 251 ... (Y- ¢a)

Jf 3.7 Reﬁ)

Equation (¥-¢a) is transcendental, so iteration is needed to evaluate f. Miller
suggested that a single iteration would produce a result within Y percent if the

initial estimation were calculated from the following equation: [YV].

e/D 574 .

If fully turbulent flow (R.> Y +"and + <e/D < +.+°), then:

f=[.)¢+.ALn(e/D)] . . (Y-9)

Roughness, e, is obtained from table (¥-V) as follows:

Table (¥-1): Roughness for pipes of common engineering materials [ V].
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Pipe Roughness (mm)
Riveted Steel +.4-9
Concrete AR
Wood Stave Y- A
Cast Iron AR
Galvanized Iron e
Asphalted Cast Iron Y
Commercial Steel or Wrought SRR
Iron
Drawn Tubing voe0e

Also, the friction factor, f, can be calculated from Moody diagram. All of
(e) values given in table (Y-V) are for new pipes, in relatively good condition.
Over long periods of service, corrosion takes place and, particularly in hard
water areas, lime deposits and rust scale form on pipes walls. Corrosion can
weaken pipes, eventually leading to failure. Deposit formation increases wall
roughness appreciably and also decreases the effective diameter. These factors
combine to cause (e/D) to increase by factors of ¢ to Y+ for old pipes ['V].
Typical multipliers to be applied to friction factor for considering the aging of

pipes were shown in the following table.

Table (¥-Y): Typical multipliers to be applied to friction factor [ ].
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Pipes Age Small Pipes (Y + «- Large Pipes (¥ +-
(Years) Yo .) Diameter (mm) | ‘¢« ) Diameter (mm)
New Yoos Yoes
Yo YY. Y
Y. o v Yoo
v Y.Yo Y.Y.
£ A Yo Y i
o4 1. Y AT
T Yoo ¥V
Y. Yoo £V

Y.Y.Y: Hazen-Williams equation

Equation of Hazen-Williams [YV] can be also used to calculate the head

losses in pipes. The well-known form is:

V=K CR"S"™ (-
1)
Where:
S: slope of energy line (hs /L), dimensionless.
K: unite conversion factor (K = Y.¥) A for English units, K = +.A® for Sl units).
R: hydraulic radius = D/¢ for circular pipe (L).
V: average velocity of flow in pipe (L/T).
C: Hazen-Williams coefficient (dimensionless). Its values may be obtained from
table (¥-Y).

Table (¥-¥): Hazen-Williams coefficient [Y°].

§- P
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Material C Material C
Asbestos Cement Ve Copper IAREAR X
Brass AAREAR X Galvanized Iron VY.
Brick Sewer Yoo Glass Yé
Cast Iron: Lead YY¥eoY g
New, unlined MG Plastic YEo-Noo
V+ Yearsold AR CARA] Steel:
Y. Yearsold AREARI Coal-Tar enamel Yéo-ron
lined
¥+ Years old vo-4. New unlined YEe-r0n
¢+ Yearsold TE-AY Riveted VY.
Concrete/Concrete
lined:
Steel Forms Ve Tin yY.
Wooden Forms (AR Vitrify Clay IAKEARE
(good condition)

A comparison between Darcy-Weisbach equation and Hazen-Williams
equation indicate that, Darcy-Weisbach equation is generally considered more
accurate than Hazen-Williams equation. Additionally, Darcy-Weisbach equation
is valid for any liquid or gas; Hazen-Williams equation is valid only for water at
ordinary temperatures (¢« to Vo F°% ¢-Yo C°) [Ye]. Hazen-Williams equation is
very popular, especially among civil engineering, since its friction coefficient
(C) is not a function of velocity or pipe diameters. Hazen-Williams equation is
simpler than Darcy-Weisbach equation for calculating flow rate, velocity, or
diameter of pipes.
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To solve pipe network (finding head loss and discharge in each pipes), a
group of nonlinear equations must be solved, since the relation between head
loss and discharge is nonlinear.

In the present research, both Darcy-Weisbach and Hazen-Williams equations

are used to find head losses.

Y.¢: Hardy Cross methods to analyze pipe networks

Hardy Cross method may be considered as a very popular method with its
two types described below. This method also known as a single path adjustment

method and it is a relaxation method.

Y.¢.): Head balance method

This method is also called the loop method. It can be summarized by
assuming an initial discharge in each pipe keeping in mind the continuity
equation must be satisfied in each node ( ). Q = +). The initial assumed
discharge could be corrected by adding the correction (AQ) derived below until
the corrections reached the allowable errors to satisfy the energy equation.

The general relationship between head loss and discharge is (h;= K Q"). The
correction (AQ) can be derived by differentiate the previous relationship [ Y].
dhy=nK Q"' dQ. (7-Y)

Then substituting for (K = h/Q") in equation (*-V) to get:

dQ
dh, =n—h e (T7-A
n o (Y-A)
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So, the error in (hf) due to an error in (Q) has already been established as:

ah =n 9% p (T-9)

Similar expressions for the other pipes in a loop, the total error round the

loop is therefore:

Ah¢ = dhgy + dhyy + dhge + ... + dhg. (YY)

By substituting for dh; then:

nh;1 nh,2 nh,3 nh,,
+ 4ot

Ah, =[ +
Ql Q2 Q3 Qi

1dQ (T-V)

Where (dQ), correction in each pipe in the loop assumed equal, That is:

Ah,
dQ =

- n
an—

Equation (¥-)Y) can be rewritten in other way since Ah equals to the summation

(T

of head losses in loop:

NPL
3 hfi
i=1

AQ= ety
ny —
iz Ql

(YT

NPL: Number of pipes in the loop.

The error (AQ) that is be corrected by applying a balancing discharge of the
same magnitude but opposite in sign.

VAL

N
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Y.¢.Y: Quantity balance method

This method can be also called nodal method. It can be summarized by
assuming an initial head in each node keeping in mind the energy equation must
be satisfied in each loop (3> ’hf = +). Then by the correction item that derived in
equation (Y-A) the assumed head in each node can be corrected.

Equation (¥-A) can be rewritten as:

AQ
=@ (7))
Z“nhfi

i=1

Equation (¥-)£) can be used when there is no supply or drawn off at node.
But if there is supply or drawn off at node equation (Y- ¢) can be rewritten as:
NPj

ZQi +Qq
A== .“(V-\O)

Chre)
Where:
Npj: number of pipes connected with node.
Q+: supply or drawn off water at node, in case of supply (Q+) take the negative
sign, and in case of draw off, Qr, take the positive sign.

The error (Ah) that is be corrected by applying a balancing head of the same
magnitude but opposite in sign. Then by repeating adding the correction to all

pipes connected with node until the corrections reach the allowable errors. This

involves all nodes.
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Y.¢: Comparison between two methods of Hardy Cross

In loop method, the number of equations are equal to the number of pipes in
the network, while nodal method has a number of equations equal to the number
of nodes in the network, that means that the number of equations in nodal
method are less than the equations in loops method.

In loop method any additional loop leads to repeat assuming the initial
discharge in all pipes, but in nodal method must be satisfied energy equation in
additional loop only.

Dillingham and Cleasby [A] pointed out that when using loop method, a
pipe or pipes with high resistance to flow compared with others in the network
can result in calculated flow corrections larger and in the opposite direction to
the currently assumed flow. This will often cause a divergence in the
computations, and no solution can be obtained. When the nodal method is used,
Dillingham and Cleasby pointed out that if a large pipe of short length, and
relatively low flow exists, much iteration are necessary before an appreciable
change in piezometric head is obtained if the values of the assumed piezometric

head is incorrect.
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Chapter Four
Data Collection and Hydraulic Analysis of Water Scheme for Hilla City

¢.)Y: Introduction

The water demand depends on the resident populations and type of
industry served. With rising standard of living the trend of the domestic
consumption is usually increased.

In this Chapter the population, water consumptions, pumping stations,
pipe network and other related activeties of water scheme for Hilla city has been

analyzed.

¢.V7: Expected population of Hilla city and some
villages around

Hilla city populations as based on the census of the years (Y2AY) and
(Y23Y) were (YYV4+Y) and (Y23£939) respectively [£Y], [¢£]. Making use of
these numbers and by using eq. (¢-) [£°], the average yearly increasing rate

can be calculated, which is found equal to (1.9 %).

PtZPoa'[+P0.

Where:
P:. population after (t) years (person).
P,: current population (person).
a: average yearly increasing rate ( % ).
Table (£-)) shows the expected population in Hilla city for the year

(Y++Y) and the actual number of population for the year () 43V).
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Some villages that lie around Hilla city fed with water from pumping
station at Hilla city. These villages is within the territory of Babylon
governorate, but not belongs to Hilla city, so the average yearly increasing rate
of its populations is considered the same as the average yearly increasing rate of
Babylon governorate except Hilla city. The total number of populations in
Babylon governorate at years (Y 3AY) and (Y 93Y) were (AAYAYY) and (Y YAYVeY)
respectively [£Y], [£€£]. By using eq. (£-)), the average yearly increasing rate for
these villages can be calculated.

Po(raay = AAYAYY - YAVALY = 1vdadye

Prpaay=))AYYe) - Yod£4q = ayYYoy
The average yearly increasing rate for these villages is (¥.7 %). Table (£-
Y) shows the expected populations in Hilla city.

Table (£-1): Expected population in Hilla city for the year (Y« +Y).

Quarter Actual Expected Quarter Actual Expected
Name population | population Name population | population
(Y44VY) (Yoo ¥) (Y44V) (Yo V)
Kreta’a YYyo Yooy Jubaween YEYA Yav.
Theila YAY . ¥.a9 Ta’aees YAET ¥y
Galage VEq¢ Yy Krade YEV. Yo,
Wardia Viva IARE Tayara £AAY 0£1)
Khisirwia .o YYoo Naseege Yoo yvye
Babel YYY) YTV Iskan AERY: Vv
Jaza’ir Yyo¥Y Yovo Jema’aia ooYq o
Bakarly AARA vays Murtadha ARE go)
J.M.Bakarly Avvy YeroA Hussein ¥il.o YaeA
NadirY ed yyYay Makhazin YYA Y40
Quarter Actual Expected Quarter Actual Expected
Name population | population Name population | population
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(Y44V) (Yoo ¥) (Y44V) (YY)
M.Sulaiman 0¢\Y 09Y1 Faza’a&Mane’a YoyH YVvy
Nadir) YYyae YIAE Dhu.in Wessia AAYA \ERZ-A
NadirY ioqt Yeouo Hamza Dally AR VAT
Zahraa \Yoy VEA Akrameen YAAo ATY' ¢
Shawy woYo Yyet Shubar ¢ Ao $EVY
Judeida TAOY Yo.¢ Kadhia YAYA YA
Jumhury AYo AQY Karama YA AERRYA
Mashta YooV )4y Hukam YoV YyoY
Ibrahimia Yiyo YATY Imam A% AEV
Mustafa R. £0TA oY Dhu.in Mekruy Y¥yoo v¢oo0
Ameer Yodo Yy Shuhedaa in FAVA £aYY
Mekruy
Jama’ein YA Evyy Askery in oyAay LR
Mekruy
Take YY) ¥iyo Muharbeen £EA £9.1
Jubran 049 R Asatetha 1yvo vy
Mehdia £.Yv £ey) Shuhedaa YerAo YYegy
Nuwab Dh. AeYT AYA4 Muhendseen Yvoo AEQY
Nuwab 140 £ty Jelaween 1.0 149
Dh.Y
Thawra Yeogy Yyodvs YY-Tamuze X} oY
Marana A YYEA Afrah Y44y AR RAY
Tineia LARAS VorA Dur-Babil o ¢ay
Total populations in (Y39Y) = Yo4£44 Total populations in (Y++Y) = YA£)eR

Note: Number of population for the year () 44V) was taken from reference [ ¢].
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Table (£-Y): Expected populations in some villages around Hilla city for the

year (Y« V).

Village Actual Expected Village Actual Expected
Name population | population Name population | population
(Y44V) (Yoo V) (Y44V) (Yo Y)
Tuhmazia OAA 14T, Buhamyar \RRR Yy
Luba VY'Y ATg Wardia Yoy Yivq
Kharege
Jimijma Yio. ¥IvY Abu-Ajaje YarA YYAY
Abu-Ilayan VoY Yyvi Seife Sa’ad YALE Yiva
Banasha ) Yoy Efar N9y Yoy
Rashedia Ay Va4 Mua’mera Yvio Y AT
Obed AARZ YETA Ataije Yvvo $s00
Radam
Abu- oqY¢yY VeeYXe Anana YEVY Yayy
Gharak
Sinjar Y¢oo YAQY Kura v.o) Yl
Muhezim
Mia’dan A4 411

Note: Number of populations for the year (Y44Y) was taken from reference

[¢£]

There are () ¢) projects of water supply work in Babylon governorate;

some of these projects are perhaps old and need to maintenance, of which are

the Methatia and Hilla Al- Kadeem projects, which had already repaired in the

year (1349) [£A]. Also, some of these projects were put out of work such as

Kadessia project [£4].
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N

Water treatment plants and pumpling stations
in Hilla city

Hilla city has three water treatment plants: Hilla AL-Kadeem, Tayara AL-

Kadeem, and Hilla AL-Jadeed (Abu-Khistawy). Besides, it has four pumping

stations: Tayara AL-Jadeed, Tayara AL-Kadeem, Muhezim, and Tuhmazia.

¢

A P I

Water treatment plants

Table (£-Y) shows the water treatment plants and the hydraulic properties

of the pumps used in each plant.

Table (£-¥): Pumps properties of the Hilla city water treatment plants [©+].

Plant Pumps Total Working | Capacity of | Head (m) Working Total
type pumps pumps pump time (hr) capacity
(m'/hr) (m'/day)
Hilla Al- Low lift ¢ ¢ L VY Y¢ YOAA
Kadeem Yy Y.
yo Y.
£ K
High lift ¢ ¥ AN v Y¢ YVEYY
Tayara Al- Low lift ¢ Al yo Yo Y¢ Ot
Kadeem High lift ° ¢ ‘s Y. ¢ YAA S *
R
Hilla Al- Low lift 1 1 Vive VY Y¢ Yvois.
Jadeed High lift ¥ Y YYo K Y YoYéa

V1

Y¢

Y¢

Y¢

*: Serving Hilla city

**: Serving Abu- Gharak regions (Abu-Gharak, Sinjar, Kura Muhazim, and

Anana)
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Hilla Al- Kadeem water treatment plant is the oldest one among the three
water treatment plants in Hilla city and it had many technical problems upon
which it has subjected to necessary maintinance in (Y43%) [¢A]. Before this
maintenance, it was serving Tayara AL-Jadeed pumping station and the
network. After this maintenance, this plant started serving Tayara AL-Jadeed
pumping station only.

The capacities which reach to Tayara AL-Jadeed, Muhezim, Tuhmazia
pumping stations, and Abu-Garak regions from Hilla Al- Jadeed water treatment
plant are: (Y¢A++, ©oY.. ocoY.. VY..) m'/day respectively so the total

capacity of this plantis (Y°Y¢++) m'/day.

¢.Y.Y: Pumping stations in Hilla city

There are three pumping stations in Hilla city; there is also Tayara AL-
Kadeem pumping station in Tayara AL-Kadeem water treatment plant. Table (-
¢) shows some properties of the mentioned stations.

Table (£-¢): Pumping stations in Hilla city [¢+].

Station Total pumps Working Capacity Head Working Total
pumps (m'/hr) (m) time capacity
(hr) (m'/day)
Tayara Al- Y& ) T A YY BAEE
Jadeed Y&& ) YY s Yo Yy Yés
Tuhmazia 1 ) VYo TV Y YAA
Muhazim 1 V.0 VYo oA Y E¥Y ..
Tayara Al- ° ¢ £ Y. Y¢ YAA G ¥
Kadeem G0 . ax

&: Serving Marjan area.

&&: Serving Jibal area.

*: Serving Hilla city

**: Serving Abu- Gharak regions (Abu-Gharak, Sinjar, Kura Muhazim, and

Anana).
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The total capacity for the four pumping stations is (Yo++++) m'/day,
which equals (.Y m'/s), if the Abu- Gharak regions are excluded then the

remaining capacity shall be equal () ¢+ ¢+ +) m'/day, equivalent to ().1Y) m'/s.

¢.¢: Analysis of water consumption in Babylon
University

Babylon university lies out of Hilla city, and fed with potable water from
Hilla city by one single pipe of diameter (Y« mm). So it becomes necessary to
know how much water the university needs in order to know the required
conveyance capacity and pipe characteristic. Table (¢-°) shows the estimated
amount of water that can be applied to the university needs as recommended by
Steel [°V].

Table (£-°): Water consumption for various purposes [°V].

Type of consumption Demand t/c.d
Industrial Y.
Public T
Losses o.

Service office at Babylon University has estimated the amount of water
which is needed for gardens and cooling as (Y ).+) €/s [V'Y]. Table (£-1) gives the

number of water users and the working time in this university.
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Table (£-1): Type and number of water users in Babylon University [YY].

Type of users No. of users Working time
(capita) (hr)
Students YFIV. Y
Public services YFAY 1
Lecturers oY A 1
Industrial services YA q
Guests \ !

From the information in table (£¢-1), the water consumption for users at
university can be calculated. For example, the water consumption for industrial
services may be computed as:

2

amount of water = YA * V1. * i V1A (/day.

9

losses = YA * o * i °oYo (/day.

So, the total water consumption for industrial services will equal to the
amount of used water plus losses; i.e. (YY+@ {/day). The matter is the same for
each other users. From calculating water demand for all users and the estimated
water demand for cooling and gardens; i.e. (1).+ £/s), it can be shown that the
total water consumption for Babylon university, is equal to (Y¢VY¥) Y+ £/d) ; i.e,

(+. Yo m'/s).
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t.0: Analysis Of water consumption in Hilla city
and some villages around

Some villages around Hilla city such as: Abu-Gharak, Anana, Sinjar and
Kura Muhezim (Abu Gharak regions) fed with water from Hilla city by two
indivedual pipes, one is from Hilla AL-Jadeed water treatment plant, and the
other is from Tayara AL-Kadeem pumping station. Except these above villages,
the populations of all villages mentioned in table (£-Y) must be added to the
populations of Hilla city, the expected populations in these villages except Abu-
Gharak regions equals (Y£YY@e) capita for year (Y« V).

Approximatly half of the area of Thawra and V-Tamuze quarter fed with
water from one of the two pipes that feed Abu-Gharak regions. This (¢« %) ratio

of water supply is based on that four pipes which feeds Thawra and V-

Tamuze quarters. So, (°+ %) ratio of populations of these quarters, which equals
() + £VY) capita, must be excluded from the populations of Hilla city.

The total number of populations except Abu-Gharak regions and half of
Thawra and Y- Tamuze quarters, which fed with potable water from Hilla city
projects is: YA€ el — Y. EVY4YVEYYe = Y. AL+ 9 capita, so the amount of water
for each person in Hilla city and some villages around, except Abu-Gharak

regions and Babylon University, can be estimated as follows:

(1.625-0.01705) * 24*3600 *1000
308009

Total consumption of water = =451 {/c.d.

The analysis of water demand according to type of consumption can be

discussed as follows:
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¢.0.): Domestic consumption

The amount of water according to this title is the largest among the other
types of water consumptions. Water office in Hilla city estimates this amount,
which equal to (Y« + £/c.d) [°+].

¢.0.Y: Public consumption

The amount of water for public consumption depends on the water
consumption of public buildings such as schools and companies. Water office in

Hilla city estimates this consumption for Hilla city as (Y« ¢/c.d) [°*].

¢.0.Y: Trade and industrial consumption

The amount of water under this title depends on the water consumption of
industrial and trading buildings such as factories, resturants, and trading shopes.

Water office in Hilla city estimates this type of consumption, as (¥« ¢/c.d) [°*].

$¢.0.¢: Losses and waste

The losses and waste in supplied water can be obtained from slippage of
pumps, illegal connections of pipes and the leakage in pipes due to cracks. The
network of Hilla city suffers from leakage due to aging of a large number of
pipes specially under large pressure or load. So, water office in Hilla city
estimates the losses and waste of water as ( Y+ %) of the total summation of the

amount of consumptions [°+].
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Table (£-V): Estimation of water consumption in Hilla city [°].

Type of consumption | Amount of consumption
(t/c.d)
House consumption Yoo
Public consumption Y.
Trade and Industrial Ve
consumption
Summation Yo
Losses and waste (¥+7%) yeo
Net summation ¢oo

From table (£-V), it can be seen that the computed demand per capita
(¢°Y¢/c.d ) is acceptable compared with the standard estimation (£°° £/c.d )
from table (¢-V), thatis, a (32.)Y % ) efficiency of water production is satisfied

in Hilla city.

¢.17: General notes on existing water scheme of
Hilla city

In general, potable water supplied to the users by three ways, i.e, three
distribution systems.
V- Gravity distribution.
Y- Indirect distribution.

Y- Direct distribution.
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Direct distribution is not preferred among the other types because any
problem occurs in the source will lead to stop pumping. This type of distribution
is in fact applied in Hilla city water supply projects.

Inside pipeline systems in many quarters, the branched system that follows a
tree like pattern is used.

Many pipes in Hilla city water supply network suffer from cracks and
leakage due to aging of pipes. Moreover, there is no pipeline layout for Hilla
city exists before this study. A map was prepared by the author depending on
reference [£7] and the experience of staff and engineers at water office.

Hilla city ground level vary between (Ye.eY)-Y. V1Y) m above sea level
[Y'¢]. The difference in elevation will normally effect the pressure distribution,

so a contour map for Hilla city is needed in this study for more accurate results.

¢.Y: Hilla city contour map

In analyzing or designing pipe network, the topography of land is very
often a controlling factor. The scale of the available contour map is (Y:¢++++) at
interval between contour lines of (+.) m). Table (¢-A) shows some points of

known elevations, these points are shown in Fig. (A-)) in Appendix A.
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Table (¢-A): Ground elevation and spot levels of some points of Hilla city [Y¢].

Point No. | Ground elevation (m) | No.of point | Ground elevation (m)
) YAAQ.Y Yy Y1144
Y YA TAY Y Yio0¢0
v YAQ£) Yo YV.YVE
¢ YA g0 Y YANYE
° Y1 .90A YV YAYS
! YV.YY YA YAYYY
\ YA ¢4 Y4 AR
A YA.99A v, \ERER
q YA vv. ¥ YAAYY
Yo YANYY vy YAAVY
V) YA Yo vy YV.44)
VY YA AYA ¥ YV.V.Y
VY Yoy vo Yv.4va
V¢ Y4114 ¥ Y14y
Yo YIYYe vy YIAvY
' YAy ¥A YO
VY YAAY. ¥q Yo oo¥
YA YAAYY £ Yo of)
V4 YAYYY £ YA £0
Y. YA+ 9 ¢y YV.£9)
) YV. oV £y YAY T
YY YV..¥4
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The contour lines may be drawn mechanically or by using spacing
contour method [Y]. Figure (A- £) in Appendix A shows the elevation of nodes
for Hilla city pipe network. In this work (Surfer program) was used to draw the
contour map for Hilla city, Fig. (A-Y) in Appendix A shows the contour map for

this city.

¢.A: Analysis of flow for Hilla city pipe network

Analysis of flow means, finding the amount and direction of water
discharge in each pipe, keeping in mind that the laws of mass conservation and
energy conservation must be satisfied.

In the field of pipe network analysis the oldest and common method is the
well known Hardy Cross method including two procedures, i.e., (Nodal method
and Loop method). In this research, the Loop method is used to analyze Hilla
city pipe network. This method considers the amount of water discharge as
major unknowns, this implies assuming an initial amount of water discharge in
each pipe, and then correct these discharges by a correction factor.

In this work Darcy —Weisbach equation is used to calculate head losses in
each pipe at the analysis of pipe network, this equation is more accurate than
Hazen-Williams equation, since that equation implies variable friction factors as

was discussed in Chapter Three.

¢.A.): Estimation of water consumption at each node

In estimating water demand at nodes of any pipe network the following

data should be followed:
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V. The layout of main conveyance pipe network.

Y. The total populations served by the network and the concentration (capita
/ km") for each subarea.

Y. The design water demand per capita including all types of consumption
( industrial, puplic, waste, .... etc.).

By multiply the number of populations served by each loop by water
consumption for each person (£°) t/c.d), the water consumption in each loop
can be obtained. Dividing this amount of water by the number of draw off nodes
in each loop to obtain the amount of water consumption in each node. Figure
(A-Y) in Appendix A shows pipe network layout, Fig. (A- £) and Fig. (A- ¢) in
Appendix A, show the layout and analysis data for Hilla city pipe network.

¢.A.Y: An initial estimation for flow in each

Hardy Cross method (Loop Method) implies estimate an initial disharge
in each pipe. For steady state must be noticed that the total amount of water in
all supply nodes must equal the total amount of water in all draw off nodes, the
steady state case is considered when the flow rate in the supply may be from
reservoirs, and /or pumps or specified inflow or outflow at some points in the
network [1]. Figure (A-1) and Fig. (A- V) in Appendix A show the initial

estimation for discharges in pipe network for Hilla city.

¢.A.Y: Heads calculation at supply nodes

Table (£-9) shows the known heads for supply nodes which is also shown
in Fig.(A-)+) in Appendix A.
By using Bernoulli’s equation making useful from the ground elevations

obtained from the contour map for Hilla city the head of each node can be

VAL

éa
%.
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calculated. Figure (A- %) and Fig. (A- Y+) in Appendix A show the
existing head at each node. For calculating the pressures at nodes, a datum

elevation of (Y°.© m) was considered in this study.

¢.AN.¢: Computer program for analyzing pipe network

A computer program was written with (Fortran power station) language to
analyze the pipe network. Both Darcy—Weisbach or Hazen-Williams equations
can be used within this program to estimate head losses.

The program deals with common pipe between two or more than two
loops, in other meaning there are more than two loops connect with one pipe.

The program also deals with reservoirs (system with multiple fixed-
pressure — head levels). Pseudo loops are created to account for the unknown
outflows and inflows at the reservoirs and to satisfy continuity conditions during
balancing [°Y].

NP
EL+)_hfi
i=1

AQ=- ..(8-Y)

&, hfi
ny —
iz QI
Percentage method [ ¢] was used to estimate the flow at pipes no. (¢4,
€4, Yo, Yey) as shown in Fig. (A-Y°) in Appendix A, and then converted to

equivalent pipes that carries the same flow and have the same head losses.
The allowable error in this study is takenas (+.++++Y) m'/s. A flow chart

of this program is shown in Fig. (C-V) in Appendix C.

¢.A.0: Results of analysis for Hilla city pipe

After using the computer program, final discharges and head losses are
obtained. Figure (A- A) and Fig. (A- 4) in Appendix A show the final discharge

in each pipe.
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Chapter Five
Optimum Design and Rehabilitation of Hilla City Pipe Network

o.): Introduction

The purpose of optimization is to find the best possible solution among
the many potential solutions satisfying the chosen criteria. Designers often based
their designs on the minimum cost as an objective, safety and serviceability .

A general mathematical model of the optimization problem can be
represented in the following form:

A certain function (2), called the objective function,

Z=f {X} 1=),Y,..,n (e-Y)

Which is usually the expected benefit (or the involved cost), involves (n)
design variable {X}. Such function is to be maximized (or minimized ) subject

to certain equality or inequality constraints in their general forms:

gi {Xi} = bi =, Y, , 1 ...(°-Y)
qi {Xj}>=bj j= Y, ... ,J ...(°-V)
The constrain reflects the design and functional requirements. The vector
{X} of the design variables will have optimum values when the objective
function reaches its optimum value. In this chapter, the pipe network for Hilla
city is rehabilitated and designed considering the optimum case as a feasible

solution to avoid the deficit in heads at some nodes.

c.Y: The objectives function
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The objective function (Z) of the present research involves the cost of
transportation, cuting, connecting, filling and repairing road. The following
equations are estimated by (STATISTICA) program with a regression
coefficient of (R =.+++). There is a difference in cost of carrying out between
the paved and unpaved road. So, the objective function of Hilla city pipe

network for unpaved road is:

Z=\Vvvvo D+ Ve .. (e-
2)
and for paved road is:

Z=\)+r+vr D+ 200 N CE
°)
Subjected to:

IYm<D<-+Am.
The methods of optimum design and optimum rehabilitation are considered
subjected to the following constraints:
V- Pipes should be plastic.
Y- Head at each node should be > Y¥.» m.
Y- Location of supply nodes considered constant to reduce the required cost.
¢- Elevated storage tanks locations should be neglected since the direct
pumping process was used in the existing network.
Where :
Z : final cost of construction per meter (1.D).
D : the commercial diameter of pipe (m).
Figures (°-)) and (°-Y) show the relation between the cost of carrying out
the unpaved road and diameters and the relation between cost of carrying out the

paved road and diameters respectively.

LI
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Cost (I.D) per meter
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Model: CI=A*D*N+B*J
y=(10000)*x**(1)+(84.58351)*(11.822637)

0.4 0.5
Diameter (m)

Fig.(®-Y):Cost of carrying out pipes for unpaved road.

Model: CP=S*D*L+P*U
y=(10000)*x**(1)+(-79.11809)*(-56.877004)

0.4 0.5
Diameter (m)

Fig.(®-Y):Cost of carrying out pipes for paved road.
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o.Y: Methods for optimum design and optimum
rehabilitation

The main variables affecting the optimum design and optimum

rehabilitation are as follows:

0.Y.): Commercial diameters

Commercial diameters are used in this research unlike many methods that
deal with theoretical diameters and then approximated to the commercial
diameters. Using commercial diameters directly lead to more accurate results for
pipe network, since heads at nodes will not change after designing or
rehabilitation due to change the theoretical diameters to the commercial
diameters.

The following commercial diameters of plastic pipes are used in this
research depending on the availability in the water office, since these pipes are

the cheapest among the other types. These diameters are: (Y ++, Yo+, Yoo Yoo
Y‘nn ’v0~ , S v , $§0. ,Dnn ’OOn ,"L..,'Lo.,\/..,\/o.,/\..)mm[o.]_

(13

The terms “ the next maximum commercial diameter “ and “ the next
minimum commercial diameter “ was used in this research. These terms used to
explain choosing a diameter greater than or less than the present diameter with
one order. For example, if the diameter that needs to be increased is (°++) mm,
this diameter becomes (°°+) mm after increasing the diameter and becomes

(£2+) mm after decreasing it.
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c.Y.Y: Hydraulic gradient

Hydraulic gradient can be defined as the ratio between the head losses and
the length of a certain pipe.

The methods of optimum design and optimum rehabilitation depend on
hydraulic gradient as a main index for increasing or decreasing the diameters of
pipes in the network. When the hydraulic gradient for the certain pipe is large or
small, compare with the other hydraulic gradients for other pipes, the two
methods will increase or decrease the diameter of this pipe, respectively, to
obtain a homogenous hydraulic gradient for pipe network.

Since the hydraulic gradient is important, so the two programs for
optimum design and for optimum rehabilitation have a subroutine to arrange
pipes according to its hydraulic gradient (from the largest one to the smallest
one), that will simplify the procedure of increasing or dicreasing the diameters

of pipes.

o.Y.Y: Design head

After analyzing the pipe network applying Hardy Cross method or any
other method, the head at each node becomes known. If the minimum head in
the pipe network is less than the design head, some pipes must be increasing to
avoid this unacceptable case. The increasing be to the following maximum
commercial diameter depending on the largest hydraulic gradient, and vice
versa. In this study, the design head considered (YY.+) m (the average value of
(Yo Y« m /re.-Y.+ kpa)) [¢V], for optimum design and optimum

rehabilitation.



Chapter Five: ...t Optimum Design and Rehabilitation

0.¢: Standard deviation and coefficient of

Al - Ani in (Y3A°) [Y], suggested using standard deviation and coefficient
of variation as an index for pressure distribution in pipe network since the
standard deviation considered a good measure for variance of data about the
arithmetic mean.

The data that used to find the standard deviation is the head at each node
in the network. So the unit of standard deviation is the same as the unit of head
at node. The coefficient of variation is dimensionless since it is equal to the ratio
of the standard deviation to the arithmetic mean. For that reason, the coefficient
of variation considered in this study as the index for variation of heads at nodes.
Thus [Y]:

SD-= /% ...(e-7)

Where :
S.D: standard deviation.
xi : values of head at node.
X : average of heads at nodes.

NN : number of nodes.

While the coefficient of variation (C.V) is [Y]:

cv=">2 L (e-Y)

X
When the coefficient of variation converge to zero that means that the
heads distribution is more constant and vice versa. So, these two variables

considered in the optimum design and in the optimum rehabilitation.

RO
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Optimum design

year (Y« Y®) depending on the following items:

An optimum pipe network design for Hilla city was conducted up to the

0.

0

villages around

.): Estimated population of Hilla city and some

Making use of eqg. (£-) and the number of populations at the year (Y23V)

in table (¢-)) and table (£-Y), the populations at the year (¥ Y°) with the same

yearly average increasing in Hilla city and for some villages around can be

estimated. Table (°-)) and table (°-Y) show the estimated number of populations
at the year (Y+Y°),

Table (¢-Y): Expected population for Hilla city at year (Y+Y®).

Quarter Actual Expected Quarter Actual Expected

Name populations populations Name populations populations

(Y44Y) (Y+Y9) (Y44Y) (Y:Y9)
Kreta’a YYYo Yovy Jubaween YEYA Yvyo
Theila YAY . £YY Ta’aces YAER A
Galage Y¢d¢ YYAQ Krade YEY YVev
Wardia YYva YA Tayara ¢AAY V¢
Khisirwia Y.o9 Yyog Naseege Y.o00 YeAeA
Babel YYY) YAV Iskan 141¢ Y114
Jaza’ir Yyoy Y.y Jema’aia oov4 AEAT
Bakarly Yyen YY) Murtadha tARI 1yan
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J.M. ayYvy YEYYY Hussein ¥1.o0 oovY
Bakarly
Quarter Actual Expected Quarter Actual Expected
Name populations populations Name populations populations
(Y44Y) (Y Y9) (Y44Y) (Y'Y9)
Nadir ¥ 17014 YeYe¥ Makhazin YYA YVY
M. o8\ Y AY Q) Faza’a& Yoy ¥AAO
Sulaiman Mane’a
Nadir ) Yyne oyo¢ Dh in Wessia AAYA Youg)
Nadir ¥ q04¢ Y E14A Hamza Dally YVt YN
Zahraa yYoyv YoV Akrameen YAAe YY oA
Shawy ANY YeodY Shubar ¢ Ao 1YoA
Judeida TAoY Yy«€449 Kadhia YAYA EYVY
Jumhury AYo \AES! Karama YA YEYYT
Mashta Yoo¥ yoYo Hukam y.oY YYY
Ibrahimia Yiye € Imam YVED YYAed
Mustafa ¢oA 194A Dhu. in Yyoo EAYY
R. Mekruy
Ameer yodo Yées Shuhadaa in FIVA o1Yoe
Mekruy
Jama’ein YA14 oqyy Askary in oyay AYTA
Mekruy
Tak YY) o.ov Muharbeen EEA TATY
Jubran 044 A Asatetha TYYe €7
Mehdia AN TYAo Shuhadaa YeoAo Yogon
Nuwab AR YYYY) Muhendseen VYoo YYAAY
Dh.
Nuwb Dh. ¥4 ovoo0 Jelaween 9.0 Y VAT
A\t
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Thawra Yéoey YYYVYA \Y-Tamuze (oAE YoVY
Marana Ya1 to¢¢ Afrah Ya4qy ¢oAe
Tineia Y YVY \ARI Dur-Babel 0. TAQ

Table (°-Y): Expected population for some villages around Hilla city at year

(Y+79).
Village Estimated Expected Village Name | Estimated Expected
Name population populations (¥ * ¥ ¢) population | populations
(AV) (AY) (Y+Y9)
Tuhmazia oAAA YYALY Buhamyar Yyt IARE!
Luba AR VeV Wardia Kharege Yoy ¢Vo)
Jimijma Yio. oYY Abu-Ajaje YAYA YAQY
Abu- Yo.Y YelA Seife Sa’ad YAEE YV.Y
llayan
Benesha ) YA«AQ Efar a9y YAY)
Rashedia ay¢ YAoo Mua’mera yvie Yott
Obed YYé¢ YE4aA Ataije YVvye VoA
Radam Anana YEVY Y
Abu- oqyYey YY4yed Kura Muhezim Y.0) 1YY
Gharak
Sinjar Y¢oo ¢4y, Mia’dan AYA Y1¢o

The total consumption of water can be considered (-« +) t/c.d at the year
(Y+Ye) according to the reference [¢V]. By applying the previous method for
estimating discharge at each node that used in the analysis of the existing
network, the discharge at each node can be estimated for optimum design for
Hilla city. Figure (A-))Y) shows the plan of the suggested pipeline system, Fig.
(A-Y) shows the information of these pipeline, and Fig.(A-)Y) in Appendix A
shows the estimated discharge at each node for Hilla city pipe network.
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c.0.Y: Expected future expansions

Pipe network may be designed to involve all dimensions of certain cities
with probability of expansion, which is expected to occur at the city.

The designer may use one of the following methods for designing pipe
network with expansions [Y]:

V- Designing a complete pipe network such as in future with it two parts (the
present and the future) as one unit.

Y- Designing the present pipe network keeping in mind the additional
discharges at some nodes for future expansions, and the future pipe
network will be designed then.

In the first method, the designer will design the original and the future pipe
network as one unit. While in the second method, must specify the draw off
nodes in the original pipe network, which will feed the future network by trial
and error.

Final cost for designing the original and future pipe network when using
the first method is less than the final cost of designing when using the second
method. So, the first method is used at designing Hilla city pipe network in this
study [Y].

g <F
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0.0.Y: Unexpected future expansions

Unexpected future expansion leads to the decreasing in pressure
distribution at nodes and shortage in water. Booster pumps, increasing head at
pumping station, increasing diameters of pipes or using pipe with large diameter
from pumping station to the region directly may be need to avoid this deficit.
The important thing, that must specify the connected points between the original
and future pipe network with more accurate, to reduce the effect of future
network on the pressure distribution of original network. Al - Ani in (Y 4A2) [Y]
suggested using the standard deviation and coefficient of variation as an index
for homogenous pressure distribution. For example [Y], if a certain existing pipe
network consists of ()« +) nodes, and three unexpected future expansions occur
at nodes (V, Y, Y) for certain region, and these three nodes can feed this region
with water. These unexpected expansion were () + %), (Y+ %), (¥+ %) from the
total consumption of the existing network as presented in table (°-Y). If the
expansion was (Y+ %) from the total consumption of water, the node, which
preferred for feeding the region, is (1) only, since this node has the least value of
coefficient of variation. The matter was the same for other expansions () +%) and
(Y %).

S
4

2
b
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Table (°-¥): Values for coefficient of variation for discharge of different

consumption for unexpected expansions [Y].

Expansion Nodes S.D (m) C.V (%)
(%) \ Y v
Percentage ratio for expansion (%0)
Y N [ — Y ) £¢ °Vo
............ Y L.V YA
Yoo | e | e <4 Y.¢o
Yo | e Y Y Y oA oV
I ——— ) Y EA £
Yo I % Y.VA
........................ Y. YY) VY AY
____________ Y. SER v.¢
L [N [ — Y Y.0)
Y. Ve ) ) Y oA oVt
____________ Y Y. Y yo VY €9
I —— Y. .Y VYA
Y T CATA Y EA
____________ Y. ). Y Ao 1.V
A [ —— Ve ) g0 °oYo
Y. R R E— LAY Y.
________________________ Y. o AY YY.A
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............ Y. VYo ¢ oY

T [ — VA Y. oA

c.0.¢: Optimum design method

From the advantages of this method, it deals with any initial assumption
for diameters of pipes. Also, one value for all diameters of pipes in the network
can be initially considered. This property leads to decrease the number of data
that the program needs. When using this method, the cost of designing pipe
network is less than the cost of designing it by using other methods with ratio ( ¢
%-)1.2 %) [Y].

After assuming the initial diameters for pipes, pipe network will be
analyzed by applying Hardy Cross method or any other method. Then all pipes
are arranged according to its hydraulic gradient from the largest to the lower
value. The minimum head in the pipe network is found to compare it with
design head. If the minimum head is less than the design head, some diameters
of pipes that have the largest hydraulic gradients must be increased to the next
maximum commercial diameters and repeating the procedure of analysis again.
The procedure of increasing the diameters of pipes will repeat until the
minimum head in the pipe network becomes greater than the design head. So,
the trials for decreasing diameters of pipes to the next minimum commercial
diameters that have the smallest value of hydraulic gradient will begin. These
trials of decreasing pipes will be repeated until the minimum head in the pipe

network becomes less than the design head.
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The diameters resulting from trials of increasing and decreasing can be
considered in the design, but the cost of the network must be ensured is less as
possible. To satisfy that, all diameters of pipes must be inserted the procedure of
design. Otherwise, new next minimum commercial diameters are assumed.
Repeating the decreasing and the increasing procedure until all pipes inserted
the procedure of the design. In each trial of increasing and decreasing, it will
change number of pipes proportion with the volume of network for reaching the
final results quickly. When choosing a small number of these pipes, the results
will be more accurate since the network in some cases does not need to change a
large number of pipes for reaching the optimum results. So, in the optimum
design and the optimum rehabilitation for Hilla city pipe network, the number of

pipes in each trial is taken as one pipe for more accurate.

c.0.0: Program for optimum design

The program was developed with (Fortran power station) language.
Subroutine programs are used in the main program to continuate the tasks of the
program. There are () 1) subroutine programs, the first four subroutine programs
are used to read data and print it.

Appendix (C-Y) shows the flow chart for this program and Appendix (B-))
shows the results of the new optimum design for Hilla city pipe network. Figure

(A-) £) shows the optimum design for Hilla city pipe network.

0.%: Optimum rehabilitation method

The principles of the method for optimum design as mentioned in section
(°.2.¢) are considered the same for the rehabilitation method. This method deals
with existing pipe network (existing pipes and its properties, and existing head

at nodes). After analyzing the existing pipe network, the method will find the
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minimum head in the network and compare it with design head. The procedure
of increasing and decreasing diameters of pipes to the next maximum
commercial diameters or to the next minimum commercial diameters was also
according to its hydraulic gradient. Then the method will find the cost of the
network, if the last cost of network becomes greater than the previous cost, the
method will decrease the diameters of rehabilitated pipes only to the next
minimum commercial diameters and returns to analyze the network again.

Otherwise the method will print the results.

c.1.): Program for optimum rehabilitation

This program was developed with (Fortran power station) language. The
program has( V) subroutine programs, the first four are used to read data and
print it. The program will put the variable (MMM) equal to () and put the
coefficient of Hazen — Williams equal to the value (Y£°.+) for all rehabilitated
pipes since this value is for plastic pipes according to table (¥-Y). So any pipe
that have the value of (MMM) equal to ()) that means this pipe was
rehabilitated. Any pipe that has the value of (MMM) equal to zero that means,
this pipe was not rehabilitated. Appendix (C-Y) shows the flow chart of this
program, and Appendix (B-Y) shows the results of optimum rehabilitation.
Figure (A-)°) in Appendix A shows the optimum rehabilitated pipe network for
Hilla city.

o0.Y: Discussion of the results

The total estimated cost for optimum rehabilitation of Hilla city pipe
network found (£€YeVYYY1..) LD, while the total estimated cost for the new
optimum design of Hilla city pipe network was (1e1e%++.+) |.D. From this

result, it can be noticed that the total cost for optimum rehabilitation is less than
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the total cost for optimum design of pipe network with percent (Y°.Y1 %). In
general, when the engineers rehabititate some pipes in the network it may cost
less than the new design for the pipe network. This was what occurred in this
study.

Some branches pipes were existing under unpaved road, eq. (°-£) can be
used for this case such as the following pipes. Table (°-¢) shows the cost of
optimum rehabilitation for branches pipes and table (¢-°) shows the cost of
optimum design for branches pipes.

Table (¢- £): Costs of optimum rehabilitation for branches pipes.

Pipe No. Optimum Length (m) Cost (1.D)
rehabilitation for

diameter (mm)

\O-L Y~~.~ \Y‘.n Y“l.....
Ve Yhh.h \EA YYveuan
\O*—{-\OY’ “hh.h iYhh \.‘/\hhhhh

Table (¢- ¢): Cost for optimum design of branches pipes.

Pipe No. Optimum design Length (m) Cost (1.D)
for diameter
(mm)
YEA Yoo AY . YUY oo
Yy Yoo Yo E0vaaaan
Yy £ You o YYOua o
Vet You Vg EVe v
VEY You s Ovan YVO v v v
¢y Yo . Yéuu YeAveaan
V¢o You o Yoo O0¢YC e

q=p
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Optimum diameters of branch pipes for optimum design and optimum
rehabilitation in the above tables can be calculated by putting minimum head
(Y2.YY) m at the end point of pipe and the head at the beginning point is known
from the results in table (B - V) and table (B — Y) in Appendix B, then by using
Hazen — Williams equation for head losses, the theoretical diameters of these

pipes can be calculated and approximated to the commercial diameters.

g =P
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Chapter Six
Reliability of Water Distribution

Network

1.): Introduction

Nothing in this world is Y++ % reliable, and, as water engineers are
painfully aware, urban water supply systems has no exception. Streams dry up
or become contaminated, pumps break down, pipes rupture, treatment systems
fail, and demands overshoot system capacity. The consequences of such failures
are often severe.

Economic losses are large and even public health endangered. Water
engineers, of course, have long worried about reliability, although they have
historically focused mostly on stream flow dependability.

Engineers are, however, becoming increasingly concerned about the many
other possible sources of reliability problems and are trying to account for them
in the planning process.

How well a water distribution system can supply water in the required
quantities at desired residual heads throughout its design period? This goal can
be determined from water supply reliability. Reliability is defined as the
probability that the system performs within specified limits for a given period of
time. In reliability analysis of pipe network for Hilla city, heads of nodes that
would be available should be evaluated and used in this chapter, since there is a
deficit in head in this pipe network as summarized in Chapter Four.

Three reliability factors: node-reliability factor, head reliability factor, and
network — reliability factor are used to describe the performance of pipe network
for Hilla city.
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1.Y : Node - Reliability factor

The node — reliability factor (R,) is defined as the ratio of the total
available outflow volume at a node to the desired outflow volume at that node

for all states during the period of analysis. Thus, for node j [ ¢]:

Zvjsavl Zst avl ts
S S
>V is e >Q is " ts
S S
Where:

v : available volume, (L*)

R

nj , For all nodes | (-Y)

V"™ : required volume, (L®)
Q*' : available discharge rate, (L*/T)
Q™ : required discharge rate, (L*/T)
ts : time duration of state (same for all nodes), (T)
J : subscript denoting demand node .
s: subscript denoting state.
A time interval during which the nodal demands and condition of the
network remain constant is termed a “state”.
In this work the parameter that was considered is head at each node. There
IS one state in this study, since the demand on the required head is considered

constant during the time, and the variables in eq. (-)) become as in eq. (7-Y).

avl

Rnj =

, For all nodes j. .. (7-Y)
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1.Y: Volume — Reliability factor

The volume- reliability factor (Ry) is defined as the ratio of the total
available outflow volume to the required outflow volume for the entire network
for all states during the period of analysis. Thus [ £]:

|
>y Vv %ZQ Vts
S j I

$ ..(1-

J J

Ry

v)

In this work, as mentioned before, the considered parameters are heads at
nodes. So, other factor can be called head — reliability factor is considered
instead of volume — reliability factor, which is an equal to the average of node
reliability factor of the network. Thus:

NN NN
Z Ry Z H j
_ _ |

avl

Rh NN NN req ...(-L'
2H
j
£)
Where:

NN: number of nodes in the network.

1.¢: Network — Reliability factor

The node —reliability factor and the volume — reliability factors describe
the performance of a distribution network considering the total volume
availability at individual nodes and for the whole entire network, respectively.

However, these factors do not completely describe the reliability of the network.

VAGNY)

N
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For example, consider the following three situations for a network in

which all-nodal demands are identical [¢] (quoted in [Gupta and Bhave: Y22¢]).

V.

4.7 of demands are satisfied of Y+ + % of time at )+ + % nodes, i.e. there
is a uniform shortfall of Y + % supply at each node during the entire period

of analysis. This situation though not desirable, is tolerable.

. Y++ 0 of demand is satisfied for 4+ % of time at )+ + % nodes, i.e. there

are no supply at all the nodes during Y+ % of time of the period of
analysis. If this time duration is not concentrated but is distributed
throughout the period of analysis, this situation is also tolerable, though

less acceptable than situation V.

. Y+«+ 09 of demand is satisfied for Y+ 9% of time at 9+ % of nodes, i.e.

there is no supply at all at Y+ % of nodes during the entire period of
analysis. This situation is the worst and is unacceptable.

For all three situations, Ry = +.4. For situations ) and ¥ R, = +.9 at all
nodes, while for situation ¥, R, =) for 4+ % nodes and R,= * for Y+ %
nodes. The Ry and R,, values are the same for situations ) and Y even though
their performances are not the same. The value of Ry is also the same for
situation Y. However, it is preferable to have a single reliability factor that
can describe situation ¥ and can also properly distinguish between situations
Y and Y. It is therefore useful to consider network reliability factor (Rn)
defined as [¢]:

Rw =Ry. F. Fu. ... (%-9)
Where:

F.: time factor

F.: node factor

In this work the above equation becomes:

Raw = Rh. Fe Fo, (-

The time factor is defined as:
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X2 ajts
_S3

== < -
= NN o

v)

Where:
Tp: period of analysis (> ts), (T)
The previous equation becomes in this study:
2ajs
F = JNN (V=N

ajs : a dummy variable taking value Y or + , which a; = Y , if the head ratio,

H, avl/H;req at a node for a particular state is equal to or more than an

acceptable value , and ajs = + , otherwise.
The node factor is the geometric mean of the node — reliability factors.
Thus [£]:

NN 1/ NN
Fn =|:H an:| - (0-9)
j1

If the network is unacceptable when the head available at the node and
therefore, Ry;is less than a particular value, this Ry is set to zero in eq. (1-%). As
a result F, and therefore R,, would be zero and the network would be
unacceptable.

The values of (Ry, Fy), F, (assuming acceptable R,; > = +.9) and Ry, for
three situations described earlier are shown in table (1-V). Herein, R,,, values can
properly depict the reliability for the three situations. Situation Y, which is

unacceptable, has zero network reliability factors.

Table (7-1): Reliability factors for different situations [¢] [quoted in (Gupta
and Bhave: Y44 ¢)].
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Case Ry Fi =8 Riw
\ NETIN Y ooans NETNS v A
Y NETNR NETNR NETNR L VYA,

1.0: Computer program for reliability analysis

A computer program was written with (Fortran power station) language to
evaluate reliability factors for water distribution system. A flow chart of this

program was shown in Fig. (C- ¢) in Appendix C.

1.1: Application the program of reliabllity Ifor
Hilla city pipe network

The program of reliability analysis was applied for existing, optimum
design, and optimum rehabilitation of Hilla city pipe network, by preparing the
required data from the results of analysis, rehabilitation, and design, which was
obtained in Chapter Four and Chapter Five.

The pressure that considered in this work is (YY°) kpa for optimum
design, optimum rehabilitation, and reliability analysis that is equals to (YY.+ m)
as head approximately [°V] and the acceptable (Ry; ratio) is considered (11.0V
%) i.e (Y°.YY/ YY.+), in this study.

The values of R, F, F, and R,,, for three situations described earlier are
shown in table (1-Y).

Table (7-Y): Reliability factors for the three cases of Hilla city pipe Networks.

Description of Rh Fe = Riw
pipe network
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EXlStlng \.'\qoi '/\%-LVV Vv Ve
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rehabilitation

Optimum \.YV/\ho \-~~~.. \Y"{/\Y’o \-LY\.\

Design

1.Y: Discussion of the results

The two main values to evaluate the pipe network are: (Fy) and (Rnw). (Fy)
in practical mean, means the reliability of network and (R,,) means the index for
the best network if the two networks have the same value of (F;). So, for the
existing pipe network for Hilla city, (F;) for it is the less value among the values
of (Fy) for the three pipe networks. That means the existing pipe network is the
worst and unacceptable among them since its value of (R,,) equals to zero. The
best pipe network is the new optimum design among the three pipe networks
since it has the large value of (R,). But, in general, the optimum rehabilitation
of pipe network is preferred than the optimum design, since the last one has cost

greater than the first as mentioned in Chapter Five.

§ <P
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Chapter Eight

Conclusions and Recommendations

In this research, an analysis of existing pipe network in Hilla city, a new
optimum design, optimum rehabilitation, reliability analysis and evaluation of
water quality have been investigated. The following conclusions and

recommendations can be withdrawn on the basis of the results obtained.

A.Y: Conclusions

A- Water quantity

Y. Enough amount of water consumption, within an average of (¢°) (/c.d),
and water production efficiency of (13.)Y %) could be achieved and
pumped through the Hilla city pumping stations.

Y. A deficit of head, at some nodes in the existing network, due to leakage
and aging of pipes is recognized.

¥. A rehabilitation of Hilla city pipe network has cost less than the cost of

designing a new one with ratio (Y2.Y1 %).

¢ . Reliability of head at nodes was found to be (A3.7A %), (V++ %), ()«
%) for: existing, optimum rehabilitation, and for new optimum design
respectively.

B- Water quality

V. All parameters, which were studied in this study, are acceptable according
to standard values, except turbidity and hardness during the year (Y« Y).

Y. Reliability of Hilla Al-Kadeem water treatment plant was found to be
(V4.3e %) for potable water turbidity and (£.¢% %) for raw water
turbidity.
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Y. Reliability of Hilla Al-Kadeem water treatment plant was found to be
(°).+£Y %) for potable water hardness and (¢V.¢ %) for raw water

hardness.

A.Y: Recommendations

The following recommendations are suggested for Hilla city water office:

V. Old pipeline inside different quarters should be replaced since these
pipelines suffer from cracks, corrosions, and leakage due to its age such
as Bakarly quarter.

Y. Elevated storage tanks in the city should subject to suitable repairs to
convert the direct pumping to an indirect pumping process in order to
obtain a convenient balance in water consumption during the different
seasons since there is no control of pumping.

Y. It is recommended to specify all the new pipelines on the related layout
map of Hilla city pipe network through maintenance and repair
processes.

¢, Carrying out the optimum rehabilitation for pipe network to avoid the

deficit in head at nodes.

For further research topics the following recommendations are suggested
for Hilla city pipe network:

V. Analysis and evaluation of the quality of water at draw off nodes are to
be studied.

Y. Further studies needs to be done on the contingency analysis considering

failure of several pipes and several demand excess.
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Chapter Seven
Water Quality Evaluation
and Reliability of Hilla City Water Treatment Plants

Y.Y: Introduction

In this Chapter, the quality of treated water in the treatment plant
concentrated on the more important parameters and reliability for water

treatment plants in Hilla city.

Y.Y: Water quality evaluation

Hilla city is provided as mentioned before with three water treatment
plants. Data available is for two plants only, during the year (Y« +Y). These two
plants are: Hilla Al-Jadeed and Hilla Al- Kadeem. The physical and chemical
parameters that were considered in this research are: Turbidity, PH, Electrical
Conductivity, Alkalinity, Hardness, Calcium, Magnesium, Chloride, Total
Suspended Solids and Total Dissolved Solids for raw and potable water. Data of
each parameter is obtained from the water office at Hilla city. Sketching and its
discussion for each parameter as below, table (B- ¢) shows the maximum

allowable limits for these parameters according to Iragi specifications.

Y.Y.): Physical parameters

Physical parameters that were considered in this study were: Turbidity,
Electrical Conductivity, Total Suspended Solids and Total Dissolved Solids for

raw and potable water as follows:

A : Turbidity

LI}
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Turbidity is a measure of the extent to which light is either absorbed or
scattered by suspended materials in water. Because absorption and scattering are
influenced by both size and surface characteristics of the suspended material,
turbidity is not a direct quantitative measurement of suspended solids. For
example, one small pebble in a glass of water would produce virtually no
turbidity. If this pebble were crushed into thousand of particles of colloidal size,
a measurable turbidity would result, even though the mass of solids had not
changed [YA].

Figures (V-Y) and (V-Y) represent turbidity of potable and raw water at
Hilla Al- Jadeed and Hilla Al-Kadeem water treatment plants, respectively.
These Figures show an increasing in turbidity starting from February during
year (YY) for raw water, and some increasing in turbidity for potable water.
Most turbidity in surface waters results from the erosion of colloidal material
such as clay, silt, rock fragments, and metal oxides from the soil. Household and
industrial wastewaters may contain a wide variety of turbidity-producing
material. So, these sources may be the reason for increasing of turbidity in raw
water, and the later affect on potable water. Turbidity was measured with unit
(Nephelometric Turbidity Unit) (NTU).
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Fig. (V-Y): Turbidity of potable and raw water at (HJWTP) during year (Y++Y).
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Fig. (V-Y): Turbidity of potable and raw water at (HKWTP) during year (Y« +Y).

B : Electrical conductivity (EC)

NS
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Electrical Conductivity (EC) for water can be defined as a numerical
value refers to the ability of water to carry the electrical current. This value
depends on the concentration of dissolved ions in water, and temperature of
water during the measurement, because it affects directly on the movement and
direction of ions. So, (EC) increases (Y.) as temperature increases one
percentage degree ['].

Usually, most of acids, alkaline and inorganic dissolved salts carry the
electrical current with good matter. While the organic salts and acids carry the
current with bad matter. The unit for measuring (EC) is (mhos = Y/ohms) [V].
Figures (V-Y) and (V-¢) represent (EC) of potable and raw water for the two

plants.
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Fig. (V-¥): (EC) of potable and raw water at (HJIWTP) during year (Y« +Y).
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Fig. (V-¢): (EC) of potable and raw water at (HKWTP) during year (Y++Y).

These two figures show that (EC) at the two plants are less than the
maximum allowable limit, accordingly drinking water is safe with respect to

this parameter.

C : Total Suspended Solids (T.S.S)

Solids suspended in water may consist of inorganic or organic particles or
of immiscible liquids. Inorganic solids such as clay, silts, and other soil
constituents are common in surface water. Organic material such as plant fibers
and biological solids (algal cells, bacteria, etc.) are also common constituents of
surface waters. These materials are often natural contaminants resulting from the
erosive action of water flowing over surfaces [Y4].

Other suspended material may results from human use of the water.
Domestic wastewater usually contains large quantities of suspended solids that
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are mostly organic in nature. Industrial use of water may result in a wide variety
of suspended impurities of either organic or inorganic nature.

Figure (V-°) represents total suspended solids concentration of raw and
potable water at Hilla Al-Kadeem water treatment plant (HKWTS),
unfortunately, data for Hilla Al-Jadeed water treatment plant (HJIWTP) is not
available at Hilla city water office.

Although there is no standard value for this parameter, but if there is large
amount of this parameter in water leads to uneconomic filtration for basins and

tanks.
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Fig. (V-°): Suspended Solids concentration of potable and raw water at
(HKWTP) during year (Y« +Y).
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D : Total Dissolved Solids (T.D.S)

The remaining suspended materials in water after the filtration is usually
considered as dissolved materials. Figure (V-1) represents the total dissolved
solids of raw and potable water for (HKWTS). No data available for this
parameter at (HIWTP).

From figure (V-1), it can be noticed that the raw and potable water has a
concentration of (T.D.S) less than the maximum allowable limit shown in table
(B-%) in Appendix B. So, the water is considered safe for drinking with regard to

this parameter.
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Fig. (V-1): Total dissolved solids concentration of potable and raw water at
(HKWTP) during year (Y« +Y).
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Y.Y.Y: Chemical parameters

The chemical parameters considered in this study are as follows:

A : pH-value

pH-value represents the activity of hydrogen ions in water. This value
vary between (+-) ¢) for solutions, if the value of it is less than (V); the solution
was from acids, and if this value is greater than (V) the solution considered from
alkaline, otherwise the solution considered from salts.

Figures (V-V) and (V-A) show the pH-values of raw and potable water at
the two plants. These figures show that the values of (pH) are within the

allowable limits.
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(PH)
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Fig. (V-Y): pH value of potable water at (HIWTP) during year (Y« +Y).
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Fig. (V-M): pH value of potable and raw water at (HKWTP) during
year (Y« V).

B : Alkalinity

Alkalinity is defined as the quantity of ions in water that will react to
neutralize hydrogen ions. Alkalinity is thus a measure of the ability of water to
neutralize acids [Y4]. Figures (V-4) and (V-)+) represent alkalinity of potable
and raw water, respectively, at the two water treatment plants. These figures

show that the water may be considered safe for drinking.
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Fig. (V-%): Alkalinity concentration of potable and raw water at (HIWTP)
during year (Y« V).

260
240 -
220 -
200
180 -
160
140
120 -
100
80

,, g
: o
’ ’7 ?‘mv‘a, y*' \

:

d
;\ —
4 "
=
2
0;
=
—_ " —¢
4
& b o

¢¢-

' B B

60 1 T 1 v 1T 7" 7T T 1T T 1T 7T T 7T T 1T T7T T TT7T7
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

Fig. (V- +): Alkalinity concentration of potable and raw water at (HKWTP)
during year (Y« +Y).
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C : Hardness

Hardness is defined as the concentration of multivalent metallic cations in
solution. At supersaturated conditions, the hardness cations will react with
anions in the water to form a solid precipitate. Hardness is classified as
carbonate hardness and noncarbonate hardness, depending upon the anion with
which it associates. The hardness that is equivalent to the alkalinity is termed
carbonate hardness, with any remaining hardness being called noncarbonate
hardness [Y4].

From Figs. (Y-Y)) and (V-)Y), it can be noticed that the hardness of two
types of water at the two plants is unacceptable. The concentration is above the
maximum allowable limit (¢++ mg/l) [¥)]. The increasing of hardness may be
occurred due to the increasing of calcium and magnesium ions in soil, especially
during the summer months (May — October), due to the increasing in calcium

and magnesium ions during the same period as shown in Figs. (V-)Y) and (V-
V¢),

T.Hardness(CaCo3)(mg/l)

2510 Bk L B N S L L N N Y L L D N N N LY L B B
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Fig. (V-1 Y): Hardness concentration of potable and raw water at
(HIWTP) during year (Y++Y).
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Fig. (V- Y): Hardness concentration of potable and raw water at (HKWTP)

during year (Y« V).

D : Calcium and magnesium

Calcium is widely available in natural water due to the dissolution of the
calcium component that is available in soil. Calcium considered as the main
cause of hardness, as well as, it improves the permeability of the soil and
decreases the side effects of sodium. Figure (V-YY¥) and Fig. (Y-)¢) show the
availability of calcium in the two types of water at the two plants. Generally,
calcium concentration in water can be considered less than the allowable limit.
So, the water can be considered safe for drinking according to calcium
concentration.

Magnesium is available in natural water, sea water, and metal water.

Magnesium also considered as the main cause of hardness. Figures (V-)°) and
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(V-)1) represent the concentration of magnesium in the two types of water at the
two plants. Accordingly, water can be considered safe for drinking with regard

to the previous mentioned parameters.
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Fig. (V-1 Y): Calcium concentration of potable and raw water at (HIWTP)
during year (Y« V).
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Fig. (V- £¢): Calcium concentration of potable and raw water at (HKWTP)

during year (Y« V).
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Fig. (V-1 ¢): Magnesium concentration of potable and raw water at (HIWTP)
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Fig. (V-Y1): Magnesium concentration of potable and raw water at (HKWTP)

during year (Y« V).

E : Chloride

Chloride is considered as the most important negative ion that is available
in natural water. It causes a salt taste for water, especially when it formed with
sodium ion to form (Nacl) [¥']. This ion cannot cause the salt taste when
formed with calcium and magnesium. The large concentration of it in water
causes the erosion for pipes and metal structures.

Figures (V-YV) and (V-YA) represent the concentrations of chloride for the
two types of water at the two plants. From these figures, it can be clearly seen
that the concentration of it is less than the maximum allowable limit.

Water can be considered safe for drinking according to all parameters
except turbidity and hardness. So, the following reliability analysis was done for

these two parameters for the last (1 1) years.
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Fig. (V-1VV): Chloride concentration of potable and raw water at (HIWTP)
during year (Y« V).
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Fig. (Y-YA): Chloride concentration of raw and potable water at (HKWTP)
during year (Y« V).

V.Y¥: Reliability of water treatment plants

The parameters that usually considered for reliability analysis of water as
previously mentioned are Turbidity and Hardness of the two types of water,
since these two parameters were considered unacceptable, and reliability
analysis has to be done with regard to these two parameters. Data obtained was
only for (HKWTS). To determine reliability of the turbidity and hardness for
water, Behavior method and Niku et al. method were considered in this study.
Behavior method has less accuracy than other methods [YY]. The two methods
can be explained as follows:
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Y.Y.): Behavior method

The probability of reliability can be calculated by dividing the acceptable
numbers from the recorded data by the total number of recorded data. However,
the reliability is found as [Y'Y]:

Rel =A;/ nn. (Y-

")

Where:
A: acceptable numbers from the recorded data.
nn: total number of the recorded data.

For example, if there are ()+*) numbers of recorded data and (%+)
numbers of them are acceptable, then, (+) numbers will be considered an
unacceptable, in this case the reliability is (2 +%). To find reliability of turbidity
and hardness for the two types of water for the last (Y1) years a reliability
analysis program based on Behavior method as mentioned in Chapter Six has

been used. Results of the analysis is presented in Table (V-)).

Table (V-1): Reliability analysis for turbidity and hardness using Behavior

method for the last (1 1) years.

Turbidity of | Turbidity of | Hardness of | Hardness
raw water potable raw water of potable
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water water

Reliability (%) V.AVY AY AVY £V ¥an o) v £Y

Y.Y.Y: Niku et al. method

Before explaining this method, it is essential to mentione the condition for
using this method. The condition for using this method that the data must follow
the lognormal distribution [YA]. So, the data must be examined before using this

method.

A : Turbidity and hardness concentration
distribution

Turbidity and hardness variabilities can be shown and analyzed by
determining the histogram and probability density function (p.d.f) of the data.

Selecting the type of distribution is of vital importance as well as the test.
In the two following paragraghs the tests used in the present study are

introduced.

I : Kolmogorov-Smirnov test

Kolmogorov-Smirnov test is one of the most commonly used tests for
selecting the suitable type of distribution for a given histogram. This test
involves the examination of random sample from an unknown continuous

distribution to test the hypothesis that the unknown distribution function is the
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specified known continuous distribution function. The conventional null
hypothesis (H,) is that the distribution functions are identical. The test is based
on the difference between the observed cumulative density function (C.D.F)
(observed cumulative histogram) and the expected cumulative density function
at each data point. The largest of these differences, Dmax, is used with sample
size to test the hypothesis (Ho) [YV].

Then (Dmax) will be compared with critical valued (Da) from Table (B-°) in
Appendix B to take decision about the rejection or acceptance of the null

hypothesis.

If D, <Da accept H,
If D max > Da reject Hy,

Y

IT : Chi-Square test (%)

Chi-square test is another test, which can be used to help in using or
rejecting a certain distribution toward which it have a certain prediction. This

test is based on the difference between actual frequencies, fi, and the expected
frequencies, fi, of a known distribution function at mid-interval of each
category.

Chi-square statistics for a goodness-of-fit test is given by the following

model [YV].

) A \2
pr :zM (YY)

A

fi
Where;

fi: actual frequency value at mid-interval of each category.
ﬂ : expected frequency value at mid-interval of each category.

i : class interval.

AR
N
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? Value will be compared with critical value (;(i) from table (B-1) in

Appendix B to take decision about rejection or acceptance of the proposed

distribution (null hypothesis, H,).
If »° < y2 accept H,.

If y°> y2 reject H,.

B : Lognormal distribution

The lognormal probability law is commonly used in civil engineering
practice and seems to adopt originally to produce a better fit to skewed data by
using this simple transformation of the familiar normal distribution [V].

The lognormal distribution has the following probability density function.

[FA].
1 1 1 ’
X
f(x)=——— exp|-—= In x>0 (Y=Y
(%) XA/27 oln X xp[ Z{UInx (miﬂ] (-7)
Where;

X: represents effluent variable concentration.

oIn x : standard deviation of the logarithm of x.

m X - median of x.

Figures (V-Y9), (Y-Y+), (Y-YY), and (V-YY) show the histogram of turbidity
and hardness for the two types of water for the last (1) years at Hilla Al-

Kadeem water treatment plants (HKWTYS).
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Fig. (V-Y+): Turbidity histogram of potable water at (HKWTP) in Hilla city.
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Based on histograms shown in Figs.(V-Y4), (Y-Y+), (Y-Y)), and (V-YY)

tables (V-Y), (V-Y), (V-¢), and (V-°) have been introduced to show the results for

examination. From these tables, it can be noticed that turbidity is following the

lognormal distribution while hardness does not.

Table (V-Y): Turbidity examination of raw water at (HKWTP).

Kolmogorov-Smirnovd = .+ Y¢YY.+ p=n.s.

Chi-Square: Y.+ «YAYY df = ¥, p=.Y4) 2.7 (df adjusted)

Observed | Cumulatv | Percent | Cumul. % | Expected | Cumulatv | Percent | Cumul. % | Observd-

Freg-cy | Observed | Observed | Observed | Freg-cy | Expected | Expected | Expected | Expected
<=\ o Yo Y.AVYo V.AYYe [ Yy aeYAe [ VY 4eYAe [ 104940y [ 104940y | YAV
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Chapter Seven :

....... Water Quality Evaluation and Reliability of Water Treatment plants

Table (V-¥): Turbidity examination of potable water at (HKWTP).

Kolmogorov-Smirnovd =.+2YYY4¢ p=n.s.

Chi-Square: 4. YYYWY df = o, p = .+ AYVAYY (df adjusted)
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Chapter Seven :

..Water Quality Evaluation and Reliability of Water Treatment plants

Table (V-£): Hardness examination of potable water at (HKWTP).

Kolmogorov-Smirnov d = .+ 2AYYAe p=n.s.

Chi-Square: V3. €Y YY df = ¢, p=.+++70) . (df adjusted)
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Chapter Seven : ....... Water Quality Evaluation and Reliability of Water Treatment plants

C : Development of the reliability model

The coefficient of reliability may be introduced which relates the mean

constituent values (that is, the design values) to the standard that must be

achieved on probability basis. The mean constituent value, mx, is then obtained

from the following equation; [YA].

mx =(COR )* X L (Y-£)

Where:

X,: a fixed standard.

COR: coefficient of reliability.

**

**

Two statistical parameters are used in reliability determinations:
The first parameter is the coefficient of variation, VX, which is the ratio of
the standard deviation, oy, and the mean value, mx [YA].

Vx =2 (V-9
mx

The second parameter is the percentiles Z,, of the standard normal

distribution; that is the number of standard deviations by which X differs

from the mean. That is [VA].

Lnfy” (V) +1) 7]

Z,, = [anvxz +1)]1/2 (-

In table (B-Y) in Appendix B, the fractional reliability for effluent

concentrations is presented as a function of Vx and COR.



Chapter Seven : ....... Water Quality Evaluation and Reliability of Water Treatment plants

D : Reliability model applications

Table (B-V) in Appendix B, may be used to estimate the reliability of a

treatment plant under operation if the mean and standard deviation for the plant

are known. For example, there is (AY %) reliability in a plant operating with

COR=-:landaVx="+.Y [VA]

Using eq. (Y-1) to obtain Z,, and from table (B-A) in Appendix B, for

normal distribution, the reliability of hardness and turbidity can be chosen.

Table (V-1) shows the variables and results of the reliability analysis for

turbidity of the two types of water with confidence interval (2°7%) [°£]. It is

found that hardness parameter does not follows the lognormal distribution.

Table (V-1): Reliability analysis for turbidity of water
by using Niku et al. model for the last (1) years at (HKWTP).

Vx mx /Xs Zy g Reliability (%0)
Turbidity of BV A vAE va.de
potable water
Turbidity of <8 Y.¢o AR £.47
raw water
NN
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Appendix B :

Table (B-Y) : Program results for optimum design of Hilla city pipe network
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NODE [M] ([QMY‘/S]
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TOTAL COST OF THISSTAGE = 1Y« ¥Vouvu vun

NO.OF CYCLES = ¥Y¢1)

STANDARD DIVEATION = Y.4¢0.
COEFF.OF VARIATION = +.+4AY

1.D

Table (B-Y): Program results for optimum improvement of Hilla city pipe

network.
SLOPE * « **-

PIPE |Q [M*/S]|HF [M]| D [MM] | LENGTH[M] v VELOCITY[M/S]|C.H.W.| MMM
\ —e cAOAA] ATEY A YYAW AR RS ARA -Y.Yye Ye¢o )
Y -« 2 YYYA| Y 0)e Yoo o T.yvant -+ 01 Y¢o \
¥ COYYY | Yy Yo T Y VIVAEY Y OMA V¢o )
3 oYY Y AR Yoo g Y VIAEQ ¢ Y. AY Yé¢o \
° OYVA vy yo. A Y.YvayaA Y. Ao yéo \
1 oYy Y.y Yoo AN ¢ YYALELY «aven Yé¢o \
A% voeYoiy | AVYA Yoo YoV o ooYoon Y IV Y¢o \
A S eAYVE| YA Yo. 1. £1yYY -vAvey yéo \
q —eve) LYY Yoo YoV LYY OYYY - YYVY Y¢o \
D SRR LI I Yo Ve £.Y44va CAY S yéo .
) VY |y ete You Ten Y.V vy Veo .
'Y voaYouy Vy.4v1 Yo $Y £ EVATYA -ANAY ¢ .
\ Y e YYYT  YYA Yoo Yo Y.EYYYey ATV Y¢o \
V¢ S e YAV Y A8 Yoo 4. Y AYYYIVY -+ 0.0¢ Yé¢o \
o NERY-T-T-3 WY Yoo VY. L YYOAYT vy yto \
S CooeTAR | Py eY Yoo AR Y.Ved.to . ¢90Y yéo \
\RY% v oeYYo! Y YY Yoo Yéo RO AT AN A% Yé¢o \
YA coeeYes |y AQY Yoo AA Y. YoooAT CETYY yéo \
V4 v e YeAS L YYY Yoo Y. AR A Y-AY Yy Y¢o \
Y. v e Y OAE v YYA Yoo AR Y. «VYYAYT oYY Yé¢o \
Y oYY | gaA Yoo oY, 47414 «.Yvao yio \
Yy - v VY v ovt Yoo oV v Qéeno -+ YVvAan Yéo \
Yy DEEEAAS LAY Yoo YY. Y. ALY AA +.Y140 Yé¢o \
Y¢ R A ¢4y Yoo VY4 . y.aeveyy < Yan Y¢o \

B-1




Appendix B :

Yo voaYoeol | € YAe Yo. Yo. 0 0A.0Y . YYto Véeo \
SLOPE *\ +**.

PIPE |Q [MY/S]|HF [M]| D [MM] |LENGTH[M] v VELOCITY[M/S]|C.HW.| MMM
Y1 G EEAT | W WAY Yo i Y AQE LAY CATa yéo \
Yv ooy Y WA Yoo Ya. Y.Véoeqe +.YYdo V¢o \
YA —v WOAYV | Y EeY Yoo oY, £.19TYA) - AYEY Véeo \
Y4 e TAvY || et You YA Y.¥y'\vye AQE V¢eo \
Yo v, wh000 | Y VAQY KK K o YYYYoA - vaat V¢eo \
AR -y, va000 | Y YAY KK av. o YYYY A - vaat Véeo \
vy coee YoV | Y VEA Yoo AREN VL AELTYAY L YAYY V¢eo \
Yy caYOAAN ] e e Yoo You £ Y90¢A4 « AAYA Véeo \
LS I YV IR A L ¥ Yoo V4. £ Ydovia -+ AAYA yeo .
Yo S AYENY | Y. eve Yo. You £ Y IVAA =), ya4y V¢eo \
1 v cAEYe | Y EYT Yoo av. Y ATVYY.Y )Y 9A4 Véeo .
v AYE | Y AAS Yoo A ¥OTVIYA Y Yoo .
YA |- eaven] oevvre Yoo ov. CEETY -v Aoy yeo \
¥4 —v Yoo d | Yoov) Yo. YY. £ A9.4YY -+, AVd0o Véo \
130 S aYYAY | . YAe A A ¢ AYYOY Yoato V¢o \
£) IR R R N -5 You. Yo. Y. AYQEAT Y, orY Véo \
£y YTV | YLVAY A AN YIYLy CAYY Véo \
¢y e XYY | AAE Yoo YYY CAVATIA AR R V¢eo .
123 CoaYYAD | YL YEY Yoo Ay o ).Yqo0¢ Y.« YAY Véo \
¢o RS RE N B SPN-AY You 130 CEAT-AN Y. Yéto V¢eo \
£ AT | Y A4 £ £ Y.AvYYYy VATV AY .
1A% - YAeTY | Y AAE £0. oY, 00TV RRRYA! Q. 0
¢A S s ALY | Y YAA 130 YY. Y.¥YYAo) -avan A& .
L NI A Yoo Ve oY)ty RARYY Véo \
o SR -2\ -A Yoo £V ). YTAQY - YYAA V¢eo \
o) e YEA] LYY Yoo £V L EOYVYY L YAAY V¢eo \
oy O AYYA | YL TY AN You £ oAEEAA V.YV EA Véo \
oy YOIV E | L EAA Yoo Q. 0 ¢Yo.YA4 AIEARA V¢eo \
o¢ SRR A S0 B AN Ao £ ATOEYA =) . Yovy Veo \
o0 o ea¥AY| AYe yo. g0, VA VYA S YV Yio \
A e YYYE | o oYA Yo VA AR EARY-AY «.14Yye Véo .
oy e OAE | 0 Yy AR YoV o Yotitvy CYEYA Véo \
oA —eaYoiv | Y. VY You O 0 00£YEN - YYYY V¢eo \
04 |-va¥oiv | V. ¥AA Yo Yo © 00¥YIA S YYY Yeo |
T YAl | Y YeY A Yo Y.4¢49.v0 EEWA Véo \
W vaYago || £ VYY You Yoo TVINYY AT Véo \
WY - eoNAY | v T 9. ¥.Yvavya ST Yio \
1y COFYE | YoV g0, yov. \REEARY CYY 90 .
¢ S YO A YLEAA 0. \AN £ AYYIAT =) yay V¢eo \
o AR EAAN BEN-ARY Yo. AR AR ARIETA -y vaay V¢eo \
1 —e o YAEA ] Y oM Yoo TA ¥.194949A) - ATA Véo .
v SN Ed | YLAA You Y. £ aVTEAY -+ Vavy V¢eo \
A NN AN A Yoo AN YRRV ot Yoo .
14 v, e YYA VY Yoo \X Y. E14VAaA AR V¢eo \
\x —v v OYA| 4 QoY Yo. \EZ X CTUTIVYA - YAAR V¢eo .
VAR SR L il B AR Yoo Yoo YAV £ SV .oV yio \

B-V




Appendix B :

vy e o YVAY | o0vY You Qe 1.4V oot - vy Yéo \
vy ceAvYa e vy A A £.014ved AREEA Y¢o \
SLOPE *V + **-

PIPE |Q [MY/S]|HF [M]| D [MM] |LENGTH[M] i VELOCITY[M/S]|C.HW.| MMM
\&4 CTEYY | e oY A Yoo 0 YEA] CAGAY Y¢o \
Yo CaYTAY | VAN Yo. 14vie Y. AYYéo04 ey Ve .
A ventod Y.a¢ Yoo A Y.aveyay « OAYA Y¢o \
vy ceegg | Y VoY Yoo 9 Y E1€TYA « 0700 Yéo \
YA SOEEA AR IR R Yo. VeV Y.EYAT AR Yeo \
va —eNYedv Y ATY Yo. YV TAVYY Y -Y.Y.o¢ Y¢o \
A e YYAL | Y YAY Yo. £on CIAREARA e Yeo \
A SOEERR AN BENRE A Yoo 1A DR RR IS ¥ - oty Y¢o \
AY COYYY | v ouy Yo ‘Y. F.Aa.YvYa %A yéo \
AY CTIVY Y AAE Yo. YA O YYYYAT V.vYov) Yeo \
At A AN B EA A T V.EAoYY) )y Y¢o \
Ao e ooV e YV Yoo €0 v 0uY0d0 -+ )44¢ Yto \
AT e e OAE T Y YWY Yoo YAo oVEVIY - YYY Yeo \
AY - vvovy | Y Lo Yoo V. o oovELY EALE yeo \
AA R0 BRI I ¥ AR YY. £YTIVYY <YYo Yto \
A4 Yoy | e te You Y £ ATEYAA AAT Y¢o \
3. Yy | AT Yo Yoo AN < 40YA YYY .
0 e ETYA ] YA Yo. 9 YAYVEYY < doy Yto \
Y [ - YATY | AY Yoo YY. Y YYATOA S04 yéo \
ay v oYAed | . Veo A Yoo Y.Yyov - Y Yto \
q¢ S YETAL YYYY Yoo Yy £.EaeYYY - AYWY Véo \
q0 e e EEALE YY) Yoo VYoo Y.eyvyy ST Y¢o \
a1 v e)edyY || o YA A YoV CRREA AN R YA Véo \
v —e 2 YOYY | € oA AR ARAK £V QA4 SO R N Y¢o \
aA S YNAY Y A Yoo va. Y.YVAALL - AA) Véo \
19 SOREREAN B AR AR Y69, L EYAT g0 SRR A Yto \
Yoo —e o YEVE W YA Yoo Yoo Y. A£4YAQY -« YAVE Yéo \
Yo «eYo | L YAy Yoo YV YAV LYY VY Yio \
Yoy caYe | AN Yoo YY . IREEIAR! C¥oA Yeo |
KAl AR N BN Yoo AR Y. OAYEVA « EAYo Yéo \
AR R X0 N B VY Yo. You Y. AvYVoR CAAAY Yéo \
Yoo Jlov oVaVA] v 80t A T T.YYa.y APCER Yéo \
AR N LR R ARY you 1. Y AYFYYA S A Yeo \
VoY el YAV Y Y Yoo Vet y.08Yid0 - ¥1oY yéo \
VoA - o NTEV] Y YEY Yoo Y. CRZAAEA AR Véo \
AR - e YVAag | Y Aoo Yoo A Y. oTAvYIA4 - AARY Yto \
\RKC voedYdo | g0 Yoo oV, CACEAEA CYEAY Ve .
ARA v eaYY Y Qo Yoo va. YoEVYYaT) R AAK Véo .
MY | eeave | ove Yoo a9, CYorey c)oeay Ve .
VY CYYEAY | Y Yoo Yo. VY. T.YAYAQ 1.)4¢ Yéo \
AREA AR V. Eov 1 Yy. £, 8Y0AV AR RE- q0 .
Yo v YAFA| v Yok £an £ Y. ASAAEA -\ gvot yéo \
RN SO ERAN B B 1 YV £ VYYVYAot SRR Yéo \
VYV - e IVE] < ATA AR YEY . AV Yove - YYYVY Y¢o \
VYA S YOYY e av 10 Y £ AoV -V.IVA V¢o \

B-A




Appendix B :

B-4

14 S e TNIY e vy Yoo q0. ¢, ¢4Y.¢0 =Y.« 14 Véo .
Y. ERRAY L Eto Yoo AR VL EEOEVA COYATA Y¢o \
AR R - 20 Y| YA Yoo Yo. ¢ 9.VYVYoo S EA Véo \
SLOPE *\ +**.
PIPE |Q [MY/S]|HF [M]] D [MM] | LENGTH[M] Y VELOCITY[M/S]|C.HW.| MMM
YYY e aveav]o¥oago Yoo go. TYTTEGA I yeo \
\YY S fAYYY Y YT Yoo Y. YATevey -y.ava Vé¢o \
AR oY EAE AN You oV ¢, ¢91114 v AE Vé¢o \
\Yo e LYY Yoo You + AACdOA c YAEY Vé¢o \
YY1 e YEVT Y. ¥e Yoo AY . Y Aoyavy  YAMY Y¢o .
YYY RS E N I Y Yoo 98 Y.Yeavyn Y01 Yoo .
YYA e VY £ YV You AY . o YVAYA -t Véo .
'Y4 v 9.4 £ VAY Yoo Q0. .87V -Y.YAod Vé¢o \
VY. S YA o YVYY You AR o YYdeon -y Yeuy V¢o \
AR CeOWYA Y VY You Y. AR R I Y] Y. eYYY Vé¢o \
' Y'Y e YOAY  YVYY Yoo YA« Y. «14019 RN Vé¢o \
' YY CRN-A CYYE You \X ¢ ayevy c AoEY V¢o \
\Y¢ IEEEAR Ao Yoo YY. ANRRN-AR R oY Vé¢o \
\Yo —e A YYAE] Y VYT You A T.¥Y1eo Yo 9A V¢o \
(LT IR ¥ 3N Y Yoo YY. «vdovay COAYY yéo \
YFY o eyTet | Y ATY Yoo ov. o.0.Y44y -voYvY yéo \
VYA B ARAA I A You Yo Y. eyloevy - AEEA V¢o \
AR —veoYaq | Y aYE You Y. Y AYATIA =Y. evag Vé¢o \
YEu -+ 20Y49 | Y. oV You TEw ¥.aY4e0A) =Y. evan V¢o \
KA —v aYeVo | Y oA Yoo Yoo Y. e0oVY. - AT g V¢o .
VEY voedleo | Y ANY You Y. TAYYAAS Ve Vé¢o \
VEY -« 2 YYAo | o YYA You Y1V YT TAQ - VA \EX .
NODE HEAD Q-OUT
M] | [Mv/s]

\ AR .

Y YV A A

Y Y¢ Vot ATy

£ Yo YY) .

o Yo yay .

1 Yo oYo o)

\ AR n

A s .

q Yo YA Y-

Yo Yo 1) .

1) YV yVo NRY

VY Ya) .

VY Y4 ¥vq oy

¥ YV.¥44 N

yo Yoot oY

1 YV 0.V RN

\} YV AYA .

YA YA Y oy




Appendix B :

Y4 YA o010 .
Yo YY. v Yy
A AR Y .
Yy YAYY T
Nope | HEAD | Q-OuT
[M] [MY/S]
Yy YY.¢Vo SRR
\F: TY. oY Y
Yo YY.OAA Y
R v, .40V Y
Yy YV ¥ie .
YA Yi £TA o
AR} Yo ¢oY TR
A YV.A CYyY
) Y4 Aoy .o Y4
Y AR .
A ¥Y.Aar .
Y¢ Yy ovy .
Yo Yy ey )y
1 YYVED N
(8% Yy Vgo o
A YY yod AT
Y4 YT €YY YA
I Y14 .
£ Y. AYA Y
Y Yooy .
¢y YA Ve ey
¢ YV_AoQ « Yo
0o YV.IY NERY
£ YV.¥ie caYn
1Y YY.¢44 N
£A Yoves « o
¢4 YY A .
o YY V.o AR
o) YAV .
oY Y1) o))
oy YV Yvo N
o¢ YA LY AR
oo YA AAY .
o1 yYa vy v, ve0
oV Y4031 oy
oA YYYYE Yy
°oq Y41V Y
1 ¥y et Y
1) Y4.i¢0 Y
1y YV e oY
1y YA CYA
¢ Y AAA YA
) Yo o0) .

B-) -




Appendix B :

1 Yo ayy .
Ty Y¥a.¢ YA
A YA AYY v, 009
14 \RRRS AR
Nope | HEAD | Q-OUT
[M] [M¥/S]
Ve AR T AR
A Yy y.o AR
\Al YYYY YA
VY YY VA YA
A& YV, .9¢ o))
Yo Ye €9 SRR
v Y4.4YY Ty
\8% yeNa .
YA Yy, on¢ .
va Yy 1an VY
A Y. Yot o)
AN YUFYY o)
AY YV.4¢) oY
AY YA € Y
At YA VoY A
Ao Yq.v4a1 oo
AT Y. YYA .
AY Y4 AVo SRR
AA YA Vo ey
A4 Yv.ray A B
q. YA VY .
19 YV ¢oY AR
Y YEYED o)
v YooV ey
q¢ Yo Y9 AR
q0 Yo 4avi SRR
an YUYy et
v Y1.1ve VY
aA YA.4Y4 VY
19 Yy, ey N
Yoo YY.A4 N
AR Yy EYY .
Yo¥ Y.eovid N
VoY Yq y¢o VY
AR 3 Y1.ve Yo
V.o YY.AAQ VY
Ve Yy.an VY
YoV Y1 Yoo A
YA Y4.90A Vo
V.4 AEIREAY v Vo
Yy Yo VYY) AR
AR YV.ACA R R
A\RA YA L YA R R

B-))




Appendix B :

YY\Y

| r.

R

|

NO.OF CYCLES = Y@+

STANDARD DIVEATION = ¥,y

COEFF.OF VARIATION =

L VYYE

FINAL COST OF THIS NETWORK = YA¥3£Vicv,vvv |D

Table (B-*): Program results for optimum rehabilitation of Imam quarter pipe

NO.OF CYCLES = Vve4

STANDARD DIVEATION = .74}

COEFF.OF VARIATION=

.~/\a‘\

FINAL COST OF THISNETWORK = Y& Ve vv v v v LD

B-VY

network.
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Table (B-¢): Standard limits [Y)].

Parameters Max.Limit
Turbidity (NTU) Yo
PH 1,0-A0
Electrical Conductivity Yoou
(Umhos/cm)
Alkalinity (mg/l) \RE
Calcium (mg/l) \KE
Magnesium (mg/I) Yo
Chloride (mg/l) Tew
Hardness (mg/I) Oun
Total Dissolved Solid (mg/l) You

Table (B-¢): Critical statistics for the Kolmogorov-Smirnov test [Y+].

Sample size o=".) o= +.+° a= .+ )

° +.0) ..o Y

Y. YV 6 49

Vo R V¥ Vg

Y. LY LK Yo

Yo T R VLYY

Yo XY T . Y4

£ K Y v Yo
Large n ).YY//n V.¥1//n )./

Table (B-1): Critical statistics for the Chi-square test [ V].

o ~.Q ..‘\ n.% n.% ~.° n." n.\ oo oo e e
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Table (B-A): The normal distribution (Normal Table) [Y¢].
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(C-1): Flow chart of computer program for analysis of pipe network.

C START >
A 4
/ Read Nc, Np, 1l

No Yes
If
v =) v
You choose Darcy- Weisbach You choose Hazen- Williams
eq. For head losses eq. For head losses
I=) 1=)
J=) J=)

v
Read NC(1), PIP(1,9),Q(1,J) Read NC(1), PIP(1,J),
e(1,9), L) (1,9), D(1,J), EL(1,J)

Q(I,J),C(I,T, LA (1,J), D(1,9),

EL(1,J)
No
J=J+) J=J+)
Yes
No
Yes Yes /j\
E— I=1+) ¢ I>NC > I=1+)
N="-
N=N+)
No Yes
If
¢ =) ¢
=) 1=)
® 2! 5 ©
=) ="
Yes Yes
J=J+) J=J+)
No No




®
l

A=HF (I,

/Q(1,J)

lYESY

LS

v

SUMA=SuUmA+A

\ 4

sum=sum+HF(1,J)+ EL(1,J)

|

Calculate

DQ (I, N)

!

I=1+)

Yes

l

R)V(O]())

v

| |
NO Calculate Calculate NO
—»| HF(,) HE(,J) |«
\ 4

A=HF (I,

lYES‘

SUMA=SUMA+A

HF

\ 4

sum=sum-+HF(1,J)+EL(I,J)

|

Calculate

DQ (I, N)

!

Yes

I=1+) No

m=m-+)

ﬁ(mm‘!ﬂ—ﬁfmrr ,m)+
B=)

»
» <

AB=PIP (AA, B)

|

I=1+)




No
—> | B=B+)

es
No
—> | AA=AA+)

v

v
-«
A

v

PRINT PIP(1,J)
Q(l1,3),HF(1,J)

J=3+) No

Yes

No

I=1+)

Yes

(C-v): Flow chart of program for optimum design

C START )
SET KC=+, NC=+,XN=).A®)A
CY=).+E) ~,P|:V.\ ¢Yof§

}

CALL
NPNNIP

Yes S——






GOTO Y-

KC>)
—

KF<)

KC<)

40800



a0y IRy




(C-v): Flow chart of program for optimum rehabilitation

€ st )

A 4

SET KC=+ ,NC="
CY=).+E): PI=Y.V£ |04
XN=Y AGYA

CALL
NPNNIP

[
|

©

A

DO I=),IP
MMM (1)="

CONTINUE

A

CALL
NMLDKF

8

A

CALL
DIAMCOST

\

A 4

CALL
HEADQT

KA="

[
|

\ 4
DO I=),IP
D (1)=DF (I)

CONTINUE T

D ——ED>— D




GOTO v

CALL MIN \H
(include setting

CC(h=(V¢o.r &
mmm(1)=)

GOTO V-

CALL MAX
(include setting
CC()=) e+ &

mmm(1)=")

<
<

CALL
SLOP

CALL
HEADMIN

Y<HY

GOTO Y-

QiD

CALL MAX)\

(include setting

CC()=Véo.r &
mmm(l)=")

N,

CHECK

(minimize the

improved pipe

only)

KC<)

GOTO Vv




WRITE
NC

33080

CALL
STAN

m

CALL
FINALCOST

at

=D

C-o:4



(C-¢): Flow chart of computer program for Reliability Analysis

C st )

A 4
No. of nodal demand (NN),minimum
required head at nodes , acceptable node-
reliability factor (ARN)

A\ 4
Reed head at each node, H (l).

A\ 4

Calculate node-reliability factor for

each node & head reliability factor,
a;s for each nodal demand

Check

Rnj>Rnj min RnI=:

Yes

Calculate time factor &
node factor

Calculate network -
reliability factor

Print the results

|

S
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Table (B-V): Reliability as a function of normalized mean, and V of effluent concentration [YA].
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Table (£-4): Heads at supply nodes for Hilla city pipe network.

Column No. \ Y Y ¢ o 1 \% A 8 =V-T4V-A
Node | Working | Head of | Diameter | Length| Chw Q h¢ *E **E Head at
No. | pumps pump (m) (m) ) (m'/s) | (m) (m) (m) node (m)
(m)

) ) ¥ 1 R Yy oY | Y Ye | 4. 00 Y. Y'Y Y
vy Y Yo 1 £ 9. CYYY | T | 4y Yoo
£q ) Yo . A Y Yy SRR Y £ YAV
Y ) on OA )Y YEy Yy R RN Y Y. o1 .0
%% ) YV y.Y Yyt Yy CYYY ] Y4 | -0 £ ¥Y T

*E: The difference in elevation between the beginning and the end of pipe that carrying flow from pumping station to the
supply node.
**E: Elevation of pump under natural ground level.

. Both pumps work during day hours, only one of them during night hours.
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