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ABSTRACT

In this thesis it is presented that the application
of Linear theory method in solving hydraulic problems
of distribution networks to the Ahmadu Bello University
Water Supply Pipe Network witn the view to 1mproye the
distribution system in the high pressure zone,

Computer analysis in Fortranlangquage were carried
out for pipe networks of all residential areas to obtain
the head losses and flowrates in pipes to determine the
adeguacy - of the pipe network. Pressure head
distributions and operational pressure head required at
feeding points of pipe networks were computed to
determine the suitability of the height of existing
tank s

Computations were carried out to determine the
diameter of supply lines which will give the required
distribution of water from the central over head tank
by gravity without any further control. The required
capucity of the central over head tank was also
estimated.

Finally, influences of minor losses, changes in
roughness of pipe, changes in consumption rate, on
distribution of pressure heads and the degree of

simplification of pipe network were determined.
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ITNTRCPUCTION

1.1, Purpose of the study:

The purpose of the study is tc investinate the
application of linear thenry method for hydraulle
computations of pipe network to the ishmadu Bello
University water 3Supply with the view to improve
the distribution system in nigh pressure zone in
the resicential areas of Samaru Campus.

1,2 Description of exi-ting system:

residential areas of Samaru Campus has two
sources of suprly. These are ashmadu Bello University
(AsBsUs) “ater “orks and Kaduna State .ater Board
(KiSeWeBa),

heB.U. rater 'orxs currently supplies water to
all residential areas except resldential areas
area 'C', Site IT and Silver Jublee Estate.

The rource of raw water to A.B.U. ‘.ater VWorks
iz from a reservoir formed by constructing a earth
dam on river Kubanni. according to the study plan
prepared by Melyepterv Consultants (1972) the
expected water demand as at year 2000 was 9000m3
per day. Tnis demand was desiqn to fulfill in two
stages of constructions.

Tne first stage 1s to produce 4500m3 per day
while the second stagje is to double its capacity to

9000m° per day.



A

The raw water from the regservoir is drawn via
an intake pump nouse where water is pumped to the
water works througn tws parallel linee of 350mm steel
pipes. Cne line is sufficient to meet the first ~tage
while the second line was nrevided in advance to meet
the =eccnd phase demand of the project,

As a first stage in the process of purifying
technoloay, the raw water is exposed to intensive
aeration to saturate the raw water with oxygen and
ventilate certain arnunt of volatile materials to
elrminate the odsur and by - flavour. The designed
turation of thic treatment s appreximately 10 minutes,
provides sufficient reaction - time for the dissolved
oxygen to oxidire the norn-volatile materials or to
rener them more volatile,

In the second stage, the acrated raw water 1s
treated with chlorine, Allurinium sulphate, and
sydratec Lime., “ccording te the design, the
maxinum chleorine dose is Sg/m3 while 80g/m3 for
alluminlum sulphate an< ?"3/m3 for hydrated lime.

Then 1n the third stage of treatment process,
the water treated with chemicals is allowed to
setilingy tanksa shoages > b Flyws amovo®s from
the bottom while leaving its floatings and coagulated
colloid contaminants. The settling tank has a total

3 with retention time of 2 hours.

volume of 400m
In the fourth stage of the treatment process,

the settled water ie¢ allowed from the clarifier to

quick sand filters vhere the filters remove the

residual floating mataorials from the cettled water.



This system has a facillty to do back washing with
water and alr when the fllters are clogged by the
contaminating mater!als,

Finally, a provision has been made to dose
chemicals toc filterod water for further correctlion
nh residual chlorine and PH value before it passes
to the clear water wells. The tctal canacity of
the clear water well is 1540m3.

The present supply level of distribution was
achieved through a number of stages. Originally,
the Main Campus and area 'A' (excluding the are:
near the Folice gate) were isolated for A.R.U.
supply. Later within a few months A.l3.U. supply
was extended to area BZ and Folice qgate area,

As from Qcrwober 1983, areas F, £ and G were
connected to the A.R.U. Suppiy through a SBooster
Station which is located between Faculty of Medicine
and areca BZ. Supply to these areas are limitted due
to inadequate pumping mailn and the level of nroduction
of water at treatment wvorks.

At present, rcsidential areas %%, Z, F, 5 and
A.DeNeLele Houses arc supplied witn water in
rationing turns, vwhile area 'A' 2¢ts almost round the
clock daily.

Tue supplv sltuction In area '7* ig unnredlctable
and well below satisfaction due to deteriorating
conditions of Kaduua 5tate "ater Board. As at now
there i5 no indervendent pumpino main to area 'C' from
AaDai'e Wakter works eveent Ehe one throuah area '3
which was counect d vitn the view to ease theo

situatrion in area 7' by supnlying watcr from arca '



Area 'F' nas its own 225m3 capacity steel over
nead tank while areas 5 and E have a cowmmon over
head tana of 225m3 capacity. Tue tana at area 'F!' {is
zutlsfugturidgéd wniie the common tank at E and G 1is
used as an addition il rtorage for those areas.

From the records at A.B.U. ‘.ater ..orks, there
was a satisfactory water supply in the main campus,
area 'A' and area B2 round the clock dally before
all other residential areas were connected to A.,B.U.
Supply through its Booster Station. - This is so,

€ E subsequently
even now when /the booster is faulty and/water is

supplied only to those areas. Generally, all
residential areas in Samaru Campus suppllied from
A.B.U. water works could be catagorised in two main
groups namely; low pressure zone and high pressure
zone, as shown in appencix 'A',

1.2.1 Low pressure zone:

Main Campus, residentlal areas 'A' and 32 are
concidered as in low pressure zone where the exlsting
over head tank with the capacity of Z?Om3 near Senate
8uilding is feeding the entire areas by gravity,
assumed to have no difficulties in achieving a
satisfactory level of supply round the clock as it
was the case before the function of A.B.U. Booster
Station.

1.2.2 High pressure zone:

Residential areas C, E, F, G and A.E.R.L.Se.
Houses were considered as areas in high pressure
zone, These areas are fed with water on its
rationing time through A.B.U. Booster Staticen,

except area 'C' for which-water is supplied by k.s.\!.B.

suide maps of areas C,E,F & G are qgiven in Appendix 'B'.
‘ — e |




1.3 Identification of technical problems:

As at now areas under rationing from A.fi.U,
Water ilorks are B2, E, F and 3. All these areas
including area *'C' supplied by K.S...B. are
considered to be with no supply or supply with
inadequate quantity and pressure or inadequate
duration of supply.

Existing over nead ténks in these reslidential
areas do not have seperate direct supply lines or
pumping mains from the A.B.U. Booster Station or
the source of supply. The only main existing is
the one supplying to all these areas at different
periods, It 1s in this regard that the lnadequate
pumping mains have been identified as one of the
causes of insufficient water supply to these areas.

The second problem was Inadequate pressures
at the consumers end from their over head tanks,
particulerly from house Nes. 1 o 12 in area F,
A.n.R.L.Se houses and al. block of flats In area '5'.,

The third nroblem was contrihuted by frequent
cloasing, opening and regulating the main valves in
the pumping main.

1.4 Formulation of research nrob:lem:

Qut of the problems ldentified above, thé
distribution system of residentlal sreas ¢, E, F, G
and A.Z.Rel.5. houses were taken for analysis with
a basic assumption of a system with a central over
head tank with a view to improve the supply by gravity
round the clock dally from the proposed central over

head tank. The problem is formulated as followsg



Hydraulic computation of pipe networks of different
areas

location of supply points for different areas
Design of the supnly lines from the central over
nead tank to different pipe netvorks

Evaluticon of the height of the central over head
tank

Determination of the influenclies of minor losses
on distribution of pressure heads

Determination of the influences of changes in
roughness of the pipe on distripbputinn of pressure
heads

Determination of the influence of the changes in
consumption rate on distribution of pressure heads
Determination of the degree of symplification of

networks.



CHAPTER 2

LITERATURE REVILW AND CHOICE OF METHOD

In closed networks, the analysis of hydraullce
problems hae received considerable attention in the
past, This ig almost entirely due to the available
computer facilities which makes tedlous, iterative
calculations more amenable to a quick sclution. 1In
addition, obtaining a solution to these problems has
important economic and design significance.

one of the firgt and preobably the most widely
used method of analysis iIs the Hardy Cross Technigue
(1936). This method makes corrections to Initial
agssumed values by using a first order expanslion of
the energy equation in terms of correction factor
for the flowrate In each loop. The process 1s, of
course repetitive and is dependent on the accuracy
of the initlal guess which must be reasonably good
if an answer 1s to be obtained rapidly. However,
the method 1s sultable for nand calculation and
also a number of digital programs have been
prepared for network flow analysis using this
precedure, In certaln cases i1t nas been found that
the Hardy Cross method converges very slowly or not
at all. Tnis ledl McCormick and Bellamy (1968) to
suggest special measures to ilmprave convergence,

A second method whlch is being applied
successfully to hydraulic network analysis utllizes
Newton=Raphson method to formulate a set of
simultaneous linear equations which can be solved

for flow corrections fur eacn loop 1n the network,



This method described by Martin and pPeters (1963)

has also been uszed by Gliudice (1965) and vitchail
(1966) for studles for hydraulic networks. The
method has been extended by Shamiy and Howard (1968)
to include various hydraulic components in the
network. Epp and Fowler (1370) later repcocrted an
approach to solving nydraulic network rroblems
utilizing the Newton-Raphson method and have

oftered some detalls pertaining to a general

digital computer program avallable tor this

problem. Eecause thls method adjusts the flowrate

in all the loops Jmultrnﬁourly, convere,.ce using
Newtcn=naphson approach i1s much quicker than that
obtained using Hardy-Crnss analysis. This is
specially important when analysing networks involving
large number of plpes. YHowever, both methods of
analysis requires initial quesses for flow distributien
and very bad estimites of these values can lead to slow
convergence or, in some cases a situation where the
successive trials do not converge and the solution
cannot be found.

Other methods have been proposed for
hydraulic netwerk prra’.lems but have not gained wide
acceptance. Direct electrical analogs are also
used for hydraulic network analysis. Most popular
is the fluld network analyzer developed by McIllroy
(1950). This and other available direct analog
devices are described in a paper by Mcpherson (1962).

Although, electrical analogs are accurates and no

problems of converngence exist, special equipment and



trained cﬁcrutors are requircd to use these device which
makrs those methods of analysis impractical in many
situations.

wood D.J. and Chales C.0. (1972) proposed, to solve
hydraulic network problems using Linear network theory
which is modified to account for nonlinear effects inherent
in hydraulic system. There are many advantages to this
approach which make it attractive, probably the most
eignificant is that convergence to the final result is
very rapid and seems assurcd in all cases. The method does
not requlire initial estimates of flowrates and 1s directly
applicable for closed type of networks. In addition, this
approach is well suited for computer rrogramming and short,
relatively simple program can be written for the method.

Latur Jeppson R.lie (1976) presented the use of Linear
theory mc:thod for solving the system of equations flowrates
are unknown using relatively short computer program in Fortran
langquange. The facility of this program which make it more
attractive tc use the Linear thecry mcthed.

Thercfore, it is proposed hcrein to solve hydraulic
network nroblems of A.R.U. liater Supply using Linear Theory

method in computer program as in subsequent chapters 3 and 4.
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CHAPTER 3

HYDKAUL IC COMFUTATICN OF NET'.ORKS

3.1 =Rasic relationships:

Pipe network problem is solved by obtaining
a flow distribution which satisfies flow continulty
at junctions and conservation of energy arround any
closed loop. The continuity relationships are linear
algebraic equations while the conservation of energy
equations are generally nonlinear and no method for
direct %pulteneou: solution of these equations is
known.

Most solutions becins by assuming values for
flows which catisfy continuity conditions. Then
corrections are made to these assumptions utilizing
the energy equations in acenrdance with some
predetermined method until a solution for flowrates
within a recuired tolearance is reached in which
both continuity and conservation of enerqy conditions
are satisfied,

Let the network has N pipes, J junctions and L
loops, then in all juncticns in the network the
dischicrge into the junction equals the discharge out

of the junction:

Un = %yt °° .o . . (3.1)
in which & = Volumatic Discharge. 1t i{s possible
ko write J llncar eoninuity equations out of which
J = 1 are independent anc the balance 1= redundant.

Si"ilarly L nonlinear enerqy equations cnuld be

written, ~ne for each loop.
i

é'__hL = 0 - . .- .- P (3.2)

=\
in which hy = head loss in a pipe contained in that

Toramn amad § -~ v FrimambiAan AF Al e~hnreraa '
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o 3.2)
! gnd ( y N simulteneous

Therefore from equations
equations are obtalned In terms of discharae in each
pipe. Head loss in a pipe 1 is best represented by
a relationship:

a
= K Q - .s . e .. (3.3)
Pey g 3

in which K = a Constant normally a function of pipe

i
length, diameter, and type of pipe materlials, could
pe calculated from Darcy-Welshach equation which is

normally written as follow:

2
L V
H h = f BL r"‘? (3 4)
L Ts b . L - . -
gno

viiere V = velocity of flow in pipe
f = friction factor of the pipe

From equations 3.3 & 3.4 for a given pipe 1

8L
K - fi '_,' - - .o (3-‘)
01

and a = an empirical head loss exponent usually 2 g

This relationship makes each of the L loop equations
nonlinear and no method is known for the direct solution
of these set of simulteneous equations.

In network with closed loops, open~tree type or

combination of both types the following identity holds:

N = J 'I't-l .= - .- - (3.&)

3.2 Linear theory method (Ref. Wood ©.J. and Chales C.0.
(1972)
In this method the nonlinear loop equations are

transformed into linear equations by approximating the



head loss by

Al kLo e

h, . = K La = Ki \,.{io Qi

L.i i

in which Qi = thé approximate discharge in line i.

Using the values for approximate discharges to
compute the modified constent, Ki, the loop equatious
can be expreseed as linear equatlons which when
comhbined with continuity equations yield N linear
simulteanecus equations which can be readily solved
for discharge in each line.

Howaver, this is an approx. solution as approx.
values for discharge are used to linearlize the head
lose terms. The computed values for discharge can
then be used to compute new values for modified
constant; Ki which are used to obtain a new set of
or simultenecus equations which can be solved for
improved values for plipe diacharges., This process
can be continued until the dischafge obtain from two
successive setsg of calculations do not differ
significantly.

3.3 Peatures of the method:

Several features of this method which make it
more attractive over all other methods for hydraullc
network computatinons.

3.3.1 ZCalculation of initial flowrates:

In all other methods npresenktly utilirzed for
hydraulic computation renqulre an initial estimate
nf flowrate in each plpe. Door estimation can
greatly affect the convergency of the solution and
some time leads to a situation where solution will
not converce, In this method it iIs not necessary to

estimate an initial flowrates instead, an accurate

(3.7

e st
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initial flowrate can be easily calculated, This is done
by assuming that the modified constant ls lndependent

of flowrate and as a first approximation is given by
Ki = Ki - e - .. (308}

using Equation 3.8 a linear set of equations can be
obtained and solved simulteneously for discharge.

3.3.2 <Zonvergence of solution:

In this method, = !¢ observed that successive
trials always gave a regult whlch converged to the
correct solution, but the results of successive trials
tended to oscillate about the flnal result. It is
also said that the average of two successlve trials
gave a result very close to the final value of
flowrate,

Therefore, the average value of the two prior
sets of calculations for flow rate were used to
compute the best value of the discharge for that
trial and modified constent K; which 1s employed

for the next trial. This ls expressed as

. Q-1 . Yo |
Qio = i-1 b 1-2 e -w e (3l9)

2

where Qi-l = flowrate obtained from previous trial for

pipe i,
Q1-2 = flowrate obtained for the trial

nrevious to that,

This averagling nrocess produces a very rapld
converqence to the solution and it is unlikely that
more than a few iterations.

3.3.3 Comnuter nrojramming method:

Bultablility of the method for computer programming

is an important factor. Unlike any other method ,



this technique do not renuires identification of
pipes common to two lcops. Common pipea are of no
speclal significance to the formulation of junction
and loop equations.

Utilizing available sub-routines for the
solution of simulteneous linear equation it is
possible to write a very short Fortran Computer
program which will handle any type of hydraulic
network with the small amount of input data.

3.4 Mathmatical formulation of problem:

All hydraullc networks are described
in eszentially the same manner., As it wvas
described before a network of N pipes, J junctions
and | loops will be described by J=1 junction
equations and I loop equations. If each pipe is
assianzd to have a code number, the geometry of the
network could be fully described by (J-1) sets of
data giving the code numbers of the connectinqg pipes
at all but not one of the junction and f sets of
data giving the code numbers of the pipes arround
each closed loop.

Ffurther information can be prescribed if a
sign is used with code number. For junction equations,
a positive sign for the code number means that the
assumcd flow direction is out of the junction in that
pipe and a negative sign on the code number means the
assumcd flov direction is into the junction. For loops,
A positive sign on the code numbcr means flow fs in the
clock 'ise mence arround that lmop.

In addition 2 term representing flow inte or out of

the notwork at cach junctlan can be added to the code



numbers cf the pipes represonting that junction tc
comnlete all the informations, exclusive of pipe line
data, ne-ded to dcscribe the netvork,

Junction numbers and loop numbers do not have
to e provided as data. After each ripe in a
netvork has been assigned a code number and a -
direction, it is simnle to prepare the necessary
data describing the network.

Only data necded in addition to above is a
statement for each pipe agiving lenqgth, diameter,
and roughness.

Now the netuvork of N pipe is completly
described by 2N rets of cdata. The main goal of the
programming 1s to define the coefficient of an N x N
matrix (a) and an N dimensional vector 7, which
represent the linear simulteneous network equations

expressed as
3 (1' k) X E':' (k) = E (1) - - = (3.10)

where i =1¢toN

k =1 to N and

N=J s+ -1
For the J-1 junction equations, the matrix coeffient
a(i, k) = 0 for a junction if k is not identical
to one of the code numbers for the pipes connecting
at that junction.
If k 1= equal to a code number, a (i1, k) = 1.0
If code number is negative, a (1, k) = - 1.0.
The value of the vector DR(1) is equal to external
network discharge at that junction.
The J=1 continuity equations generated in this

manner do not change from trial to trial.



For loop equations a(i, k) must be defined for
the region i =J to i1 = N and can be computed
directly from the loop data.

For any loop a(i, k) =0 {if k is not identical to
one of the code numbers of the pipes composing that_
loop.

Tf k is ldentical 4+, 4 code number, a(l, k) = K'(k)
If code number is negative, a(i, k) = - k' (k).

The elements of vector B are zero for all the loop
equations.

For successive trials coefficlients K'of the loop
equations changes as they are dependent on the
flowrate,

3.5 Data for the original program:

The original preogram was taken from Jeppson (1981)
pp 75 =78,

Rasically four different types of informations
are required. First, number of pipes Nr, number ot
junctions NJ and number of loops |, in the network
rlus other speciflcations such as denoting type of
data (i.e. ES or SI) number of allowable iterations,
viscosity of fluids and the maximum error in flowrate
that could be permitted in two successive iterations.

Second, data giving diameters, lennths and wall
roughness for each pipe .

Third, information 1s for establishing junction
continuity equations. Thils information is provided
by a set of data for each junction which contains tne
pipe numbers meeting at the junction with its relevint

sign.



Fourth, information ic required for enerqy
equations. For ~ach lonr iu the network, this
tnformation lists the pipe numuers in tnat loop
with its relevant sign.

3.6 Results from the nrogram:

S2nerally this projram has facilities to qive
the results of the followina parameters in L ¢
gJiven order.

1. #ipe diameters

2. lLenqgth of ripes

3. helative rouaghneses of pines

4, tNumber of itcrations

S« Flowrate in pipes

6. HHead losses in pip-s

7. Flowrate in pipes (only for English unit

in GFM)

€. warning - over flow occured (due to

redundant equation resulting in
singular matrix).

3.7 Demonstration with an example:

In order to illustrate the analyslis of flow
4i stribution in a hydraulic netiork using the
program a known relatively simple 10 plpesflow
distribution network depicted in Fig. 3.1. This
schematic shows the discharge into and out of the
network, along with assumed flow direction in the
pipes, node numbers, loop numbers and pipe parameters
like lengths and diameters. Roughness of the pipes

in
are jiven below/the same schematic diagram,
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FIG, 3,1 NETWORK DIAGKAM UF THE EXAMPLE
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3.7.1 &ccuations and matriCes:;

The first set of equations catisfying the

continuity at junctions are a:z follows:

Q -Gy =~ Q = 0.67

0
F

-~ Qg + Qg = 1.1 (3.11)

where ¢ 1s in ft3/sec.
The second set of equations are the energy

equations in loops. They are as follows:
Ky Op By Gy ~F5 3 = O
Ky Gg * X5 Gg =Ky G = 0 (3.12)

K

Kg Q9 + Kjg 0= %7 Qg =
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Now the corresponding matrixes are as follows:

——— —_— - — it
1 0 1 0 0 0 0 0 0 0 Q1 4.46
3 -1 0 -1 0 0 0 0 0 0 Q, 0.67
0 1 1 0 1 0 0 -1 0 0 Qg 2.01
0 0 0 1 -1 1 0 0 0 0 Q4 1431
0 0 G 0 6] 1 1 0 1 (¢ Qg =[3.34
0 0 0 0 0 0 ] 1 0 1 Qe 1:.78
Kl K2 —K3 0 0 0 G 0 0 0 Q7 0

0 n 0 Q 0
0 0 0 0 0 0 -K 0 K K 0

- 7 9 100 Q10 L Y

On the process of computation it will be

reduces to 10 x 10 metrix as six out of seven continuity
emiations are independent. (3.13)

3.7.2 [iead statements In the orininal nrogram:

It has altogcther 7 read Statements. They are
as follows:

First, NI', NJ, NL, max, unit, error, AQ

where NP = Number of pipes

NI

Number of junction

NL = I!umber of loops

max = maximum iteration allowed
unit= unit of measurement:-

Unit = 0, if D & £ in inches
Unit = 1, if D & E in feets

unit <= 2, If D & E in meters

crror = Tht maximum di fferences that would
e allowable in btua subsequent trials
3 = Dif{ference of flowr.ate between the
Firet and the seccond btrials.
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Second, Fipe Dlameters (D) for 1 = 1 to NP
Third, Fipe Lengths (L) for i = 1 to wp
Fourth, iipe roughnesses (E) for i = 1 to NP
Fifth, Iflow, NNJ, JN (from 1 to NNJ)
where if, Iflow =0 = no inflow
if Iflow =1 = the next card gives magnitude in GPM
if Iflow =2 = the next card gives magnitude in CFS
I 1flow =3 ~ the next card gives magnitude in CMS
MNJ = No. of pipes at junctions = positive for
inflow and negative for out flow
JH = The number of pipes at junction If flow
enters minimum and If flow leaves the
pipe number is positive,
Sixth, J if Iflow is greater than O

Seventh, NNJ, LP (from 1 to NNJ)

JeTud

Input data for the example:

The data for the example is as shown in Fig,.

and th~ input data prepared for the above example,

folloiiss
First, 10 07 04
Second, 18, 15. 18,
Third, 1600, 2000,
2000. 1200.
Fourth, w0102 L0102
.0102
Fifth; 01 02
and
Sixth, 2000.
01 03
-300.
01 04

3.2

as

10 00 0.001 0,00001217 0.1

12- 12. 10. 15. 18. 24- ls.
2400. 1800, 1900. 1300. 1700.
1800.

.0102 .0102 .0102 .009 0102
01 03

. 02 04

-2 <3 «% 08
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L= bo9 .8 (2000 )

D= oa% (18")

Boo
e - 0.0102" F:XCﬁ'FJt. : L = Lenqth (m)
e. = 0,009 and : D = Diameter (m)
)
: ’ = Flow at node
eg = 0.009" uater at 68°F
(gpm)

FIG. 3.2 DATA FOR EXAMPLE
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~900+
01 03 -4 05 -6
=500~
01 03 06 a7 09
1500,
01 03 -7 -8 10
-£00,
01 02 -9 10
-1000.
Seventh, 03 01 02 -3
03 04 05 -2
04 -6 07 -8 =5
03 09 10 -7

3.7,4 Computer output for the example:

Pipe diameter (inches):
18.0 15.0 18,0 12,0 12.0 10.0 15.0
18.0 24,0 15,0

Length of pipe (feet):
1600, 2000. 2400, 1800. 1900. 1300,
1700. 2000, 1200. 1800.

telative roughness of nipes:
0006 ,0007 .000& ,0009 ,0009 .0009
.0007 .0005 ,.,0004 0007

Number of iterations and errors:
MCT = 5, Sum = .10682-03

Flowrates in pipes (CF35):

_89E  2.465 ,238
Head losses in pipes (feet)

o500 (297 .797 .,389 082 ,110 ,134
+116 111 .023



Flowrate (GFiM):
984.0 408.,& 1016.0 275.4 =122.2 102.4 2920.6
402.4 1197.C¢ 107.0
Since the computer outnut confirms the answer given
for the problem in the text becok Jeppson (1981) page
79, ve cnuld conclude that the program is correct. -

3.7.5 ‘todifications In the nrlainal proqrams;

Thare vas no chniece nther thian d2irg modifications
in the formats of read and write ~=tatrments to Jisplay
in r=latively smaller screen to avold any possible
mistakes in readirn, and te have better presentation
of rosulte in a larger number of plpes in a network.

The modifications are as follows:

- Instead of readinc D(i) L(1) ancd E(1) seperately
for each pipe from three cdifferent very long
rawvs (1 from 1 to maximum of 49 in our case) of
data, these statements were replaced by a
~inqgle Read Statement to read the values of
D, LL & E at a time for each pipe.

- The format nf the results were changed to
print only five results in a raw to avoid any
confusion and cverlapping of print out.

- Instead of reading directly, the discharge/
inflow at the nodes, the statement was
replaced by two statements to read rate of
consumption per house per minute first before
it read the number of hnuses (demand) at each

node,



3.7.6 Read statemonts in the modified program:

The Read statements in the modified proqgram are
as follows:
First, Consumptison rate per house per minutec
{gaq)

Second, NF, NJ, NL, max, unit, error and AQ

Tnird, D, L, = for i = 1 to NP

Fourth, Iflow, NNJ, JN for 1 to NNJ

Fifth, «J {(equivalent to number of houses at
junction) of Iflow is greater than Zero

Six»th, WNNJ, LP (trom 1 to NNJ)

3.7.7 Input data for the example solved by the

modified program:

The input data for the same example solved by
the modified program as follows:
| Pirst, 4.0
Second, 10. 07 04 10 00 0,001 0.N000127 0.1
Third, 18.0 1600.0 0.0102
15.0 2000.0 0.0102
18.0 2400.0 0.0102
12,6 1800.0 0.0102
12.0 150040 0.0102
10,0 1300.0 N.009
15.0 1700.0 0.0102
18.0  2000.0 0.009

24.0 2000.0  0.0102
5.0 1800.0  0.0102
Fourth, 01 02 01 03
Fi?th, 500,
01 03 -1 02 04
~75

0l 04 -2 ~3 -5 o8
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~225

01 03 -4 05 -6
~125.

01 03 06 07 09

375

01 03 -7 -8 10
-200

0l 02 -9 10

250

Sixth, 03 01 02 -3

03 04 05 =
04 -6 07 B -5
03 09 10 -

3.7.8 Results from the modified program and

conclutions:

The obtalned results were same as the results
obtained with oriqinal program.

Therefore we conclude that the modified program
is correct. Herein we will use this tested moditiled
prearam for all our analysis.

3.8 Computational Problems:

3.8.1 Sup-routiune to solve linear system of

ecuations (c.all statement):

In the original program, the author has used
Univac Math-Pack to solve linear system of equations.
Tne major proolem and the delay at the initial stage
of programming was due to lack of any detalles about
the Uwnivac Math-pack, which was the key step in the

main nrogram.



After tryinu a nuwber seperate sub-routines, a
gencral sub-routine for SAUZS SLIMIMATICN WITH PARTIAL
FIVOTING was acdopted in nlace of Univac Math-iack in
oriqginal program to solve li.ear system of equations.

3.8.2 Difticulties with SI units:

“he program failecd to aive the recults for the -
example -onsidered when the data was runanced into SI
unit. Instead renorted as SOLUTION NOT FFASIBLE,
AMEAR ZERC PIVOT VAS ENCOUNTLRED.

Therefore, the Enalish system of units were
used 1n preparing tne data for all ripe networks in
this project and the results were converted into 51
unit =s given In cach section,

3.8.3 tilpes with neqglealble flowrates:

Relatively meglegible or no flow conditions in
a pipe oar pires in a netvork should be avoided when
preparing the schematic network diagram for analysis.
Otherwisce usually the computer reports as "zero
devided by an integer." Thic is because zero element
or elements are cncountered as diagonal ©lements of
the matrix resulted from Laucss elimination by partial
pivoting.

The best example 1s area 5 with schematic network

diagram of varilant G2
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CiAPTER 4

DEFINITICMNS, COMMON ASSUMPTIONS AND LIMITATIONS

4.1 pefinitions and 1imitations;

4.1.1 YHydraulic gradient line elevation (H.5.L.) when

the prersure head at feeding point is zero HE

For each node, the hydraulic gradient line elevation
when thz2 pressure head at feeding point 1is zero,is

computed as follows;

n up _ .

Ho = H AHup,n for all n except n = m (4.1)

and H" = =z for n = A.2)
e -m ‘ - = - . .

where m = Feeding node no.
n = node no. exc-pbt feeding node
AH = head loss between upstraean

‘-',.
node (up) and considered one (n)

4.1.2 Relative pressure head: H?
The relative pres-u-ce head H: is defined as
follows:
H? = H: - Zn “a .o .o (4.3)
where 2" = Topo level of considered node
H: = Hydraulie aradlent line elevation
at node n when feeding nressure 1s
7ero.
1ele2 Ltanderd minimum prressure head (h“iﬂ.}:
Ztandard minimum pressurce hcad at a node 1in

a netwerk is totally dependent on the need of the

consumcrs.



Suide 1ine givern by aA.Chernov et al (1963) on
standard minimum pressure head to be maintalned is
as follows:

ém for single storey
12m for second storey
16m for third storey
20m for fourth storey and

25m for fifth storey

4.1.4 oOperational pressure head:

m
Operational _ressure head at fe. dina point Hopr

is defined as follows:

m : . n h
Hopr = dbs ["in Hr] + min - - .
n = 1,?5
where m = Feedling node no.

n
Hr = Relatlive pressure head at node no. n

N = Total number of nodes in the network

cimilarly the operatlonal pressure head at remaining

nodes is defincd as follows:

n m g

Hlof-r = HOrJl' + rlr - . - .-
vhere ngr = Operational pressure head at

remaining nodes

4.1,5 mMeasure of satisfaction (M.0.5.):

It is a measure te qive an idea of how much
pressure head is been developed at a given node
inaddition to minimum standard pressure nead as

described above. It 1s defined as follows:
n h

MeO.S. = HDQE = Tain . .. ..
Amin
where T = Operational pressure head at node

opr

(4.4)

(4.5)

(4.6)
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4,1.6 Average increase in nercentage of satisfaction:

It is the percentage ratio between the increase in

operational pressure head and standard minlmum pressure
(A 1

head is calculated as follouws:

A
1 N y .
S S opr x 100 .. - (4.7)
hmin
vhere Hg"r = Incrrase in operational pressure head

at node n

4.2 Common assumptions:

4.2.1 Consumption:

Tnc estimated peak consumption rate per house in
low pressure zone was used to analysis the pipe network
of nigh pressure zone,

According to the investigation carried out by the
Department of Water Resources, A.B.U., the peak period
of consumption in low pressure zone is between 9.0C a.m.
and 10,C0 a.m.

Tuerefore the experiment war carried out from 9.00a.m,
to determine the rate of consumption per nouse in the low
pressure zoue when the students were not in the Campus.

The areas and its tetal mwx r of nouses in the low

pressure zone are as follows:

Mo, of Houses in area A = 157
No. of Housee in area RZ = 122
No. of Houses in ater ‘.ork = a7

90 families in the flats and 180 families in area III
were taken as equivalent to 90 houses in other
residential areas.

(i.e. one third of No. of families).
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.Therefore, total No. af Houee = 406 Housges,

The demand in the academls arca in the maln campus was
assumed to be equivalent f£o about 10 No. running taps
at a time.

From an experiment carried out in low pressure
zon¢, the discnarge from a 7oimm tap was cstimated as
0.1 l/second.

Thereofore, demand in academic area = 10 x 0.1 =1.0 1/s,
From the experiment the average dlischarge per second from
the tank to low pressure znne specified above = 6l.v 1/s.

61.8 - 1.0 l ."'5_-3 [
Therefore, Consumntlion rate = { 06 / 0.350 1/+

per house

Tnecrefore, tor tn~ ,ui,one of cdésign, consumption rate/

house ls assumed as 0.15 1/s.

4.2,2 Rouchners of A. T. pines:(B)

According to the guidline given by ebber N.B.

(1971) pp. 100 the /sbestos cement pipes are considered
as mmooth ripe

| from the takle glven by Jeppson (1981) pp. 4, the
dassan williams Coeffients CHu for smooth pipe and pvc
plpes are 140 and 150 respectively. o©On the other hand

roughness & for pvce pipe is 0.00021 ¢m

Therefore, roughness of aAshestos cemont

pines = (0.00021 x 150} o o050 oo

140

ilence, for our analysis roughness of Asbeshom

cement pipe (A.C) 1s taken as C0,C2028 Cm.
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4.2.3 Minor losses in the ~ine network: AL

To determine the equivnlent —ine length for
valves in the network, the following formulae is

being used:

AL = L .o 0 « ep (4.7)
¢ 4
vhere K = Losc co-cfficient for valves

f = Friction factor

For the calculation of miacyr Y.gn2a Ay~ tn v ive, the
valuc of KL is taken as ten as given by Jeppson

(1961) pp. 50.
Therefore, the pipe lengths of
those containing valves in the pipe network is
corputed as increasing the pipe length by its
calculated value of AL.

4,.28.4 Prictional factor f

The friction factor f is being read out from

Moody diagram for the kncwn value of Reynold number

and relative roughhess,

The leynold number Re 1s defined as:

VD 4 & o (4.8)
Re = =3 7w

Relative roughness is defined as

E . - .. . (4.9)

4.2.5 Frictional head losses hf:

The most foundamentally sound metnod for

computing friction head 1loss 1is by means of

L Vz
Darcy=-"wcisktach enquation hf = f ) ?g

2
W mote &8 . (4.10)
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4,2.6 Kinematic viscority {3 )

Assumed temnt of water in the pipe

= 20°¢

by Jeppson (1981) pp. 4. The kinematic

viscosity (> ) = 1.007nx
at 20 C

4.2.7 Topo level of nodes;

-6
10

Topo level of each nodes are

tabulated in its relevant sections,

from topo sheets scalled at 1:2400.

ers

-
m"'/S

obtained



CHAFTER 5

APPLICATION OF LINEAR THEORY METHOD TO
A.B.U. LisiRibBUTION NETWORKS

Distribution networks of all residential areas
were considered seperately to carry out hydraullc
computations using Fortran Computer program described
in chapter 2 (proiram is gilven in Appendix 'Q')

5.1 Freparation of pipe network diagram:

Although there was no restriction on pipe lengths
and external flow at nodes, a maximum limit of 300m
for pipe lengths and 10 houses for a node were generally
adopted, except where the limit of 10 houses was not
followed in cases where point loads (represents tree
type or cpen distribution mains) were encountered,

5.2 Computer run:

Tne input data was nprepared for each pipe network
diagram of the problem formulated in each area. Tne
nrojram was run and the results were obtained.

5.3 Computer innut/output:

Computer 1input data are prepared seperately for
each residential area .

From the computer run, the two most important
results obtained ae output are as follows: (sub-sec. 3.7)
(a) Friction head locsses in pipe (ft), converted into (m)

(b) Flowrate in plpes (£f+3/s) converted into m>/s.

5.4 Computation time:

In gencral, the computation real time was 2 miaates
and 50 sec. for all areas except for arca T fof which
2 mts, and 05 sec. wae taken by personal computer IBM

model XT.



5.5 Qesidential area '

5.5.1 Formulation of nreoovlems:

Hydraulle computation of pire netwnrke were
carricd out seperately in order to
{a) ~ctimate the recuired operational rressure
head at feeding points and to determine the one
with the highcest satisfaction factor.
(b) Influcnce of minor 1lnsses con distribhution of
pressure head,

BeS5.2 Common cata:

A common diagram cf tne pipe network shown in
Pig. 5.1 glves pipe MNor., junctinn Nos. and loop Nos.

N = 42 (No. of plpes In the networks)

N = 37 (No. of junction iIn the network)

L = 06 (No. of loons in the network)

Total Noc. of houses = 129

Lenyths and diameter of nipes and external

B

flows are shown in Fig. 5.2,

«3 CLolution of problem .\

181
.

un

e5.3.1 Data for hydraulic computation:

In ;robllem A, the computations were carried out
cseperately with three different feceding points., One
of the feeding point was chosen as the closest node
from the proposed central nver head tank while the
other two are the existing supply points numely
Kaduna State "‘ater Supply and the supply through

area '3' from A.B.U. iater ®‘ orks.
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The three variants are as follows:

Variant Cl: Metwork with a feeding point cho=en as

the closest node frum th2 central over
head tank:

Feeding peoint {5 node No. 1

Demanc at node No. 1 is equivalent to 1.0 house

Therefore, Net external inflow at the feeding
peint is equivalent to (129=1)
Houses = 128 Houses

Variant C2: Metwork with the supply through area 'G!

from A.R.U. ‘‘ater "orks:

Feeding point is node No. 29
pPemand at nocde to. 22 is equivalent to 4 houses
Therefore, Net external inflow at the feeding
point is equivalent to (129=4)
= 125 houses

varicnt C3: Network with the supply from Kaduna State

‘"ater Roard:

Fe€ding point 1z hode No. 34
Demand at node No. 34 is equivalent to 2 houses
Therefore, Net external inflow at the feeding
point is equivalent to (129=2)
= 127 houses.

5¢5¢3.2 Resulte and Analysis:

Flowrate 1in pipes for each system of feedings
obtained from computer run are as shown in Figs. 5.3,
5.4 and 5.5. Similarly the frictional head losses in
nipes are tabulated in Table 5.1.

Operational rressure heads at feeding points: ynawing

the topo level of the up strecam node and the frictional
head losses in the nipe, the hydraulic gradient line

elevation, and the relative rrecssure head at nodes are

computed and re<ulte are also shown in Table 5.1,
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In every system of feedincs the minimum relative

pressure heads were obtained only

follows:;
For Yariant -1,
variant 27,
'J“‘lri{'nt 'ﬁ';’
Therefaore, theé o]

maintained

{2q. 4.4)
FPor the variant
the wvariant
the variant

crational

nk each feedling points

at node Mo. 2

s 5.1‘»(3.’!1

=10.181m

nsg

rYessure heade to be

aye s

= 12.00 + C;.leﬁ =

= 12.‘“’0 + 2.315 =

r = 12,00 + 10,181 =

faollows:

17.1€6m

14,315m

22.181m,
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Measure of catisfaction (Milel.):

Cp<rational prescure heads at ncdes were
computed for rach gystem of feeding independently as
snown in Table 5,2

Knowina the differencegs between the operational
pressurc heead and standard minimum pr-ssure head at
each node the measure of satisfacticens az computed
in Bq. (4.6) are also shown in Table 5,2,

Thn computed averane percentsjes of satisfaction
for cach system of feedings are as follows:

for Variant c1 = 30.7%

variant c2 = 30.6%

L2

Vvariant C

Location of the proposed central over head tank:

The lccation of the pronosed central over head tank
Is being selected as high as possible within the areas
under consideration with a view to reduce the total
cost of construction of the tank.

The topo level of the location = 698.171lm.

Decizn of supply lines for each variant;

Total No, of houses = 129

Assumed diameter of nipe (D) = 0.2m

Fige 5.6 shows the feeding points of different
variants

For Variant Cl, Length of supply line L1 = 110m

r

‘.’ariant C2 " " " " L2 = 635m
Variant &3, " " " " Ly = 890m

The required rate of supply at each feeding point Q

= 129 x 0.15 1/s = 19,35 x ;g m3/s'
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(a) The Reynold numbcr Re

Ece (4.8)

Re = —4— -
—-D

»

D

3
4 x 19.35 x 18 m°/s

Re & -6
X 0.7 x 1.007 x10° m3/s

Re = 1,22 x 105

(b} The relative roughness

Eq. (4.9)

= .,0000125

n
ol o

From Moody diagram the friction factor

f = 0.017

(c¢) The frictional head loss hf

T';(i. (4.10)

he = 8(1.7x10%) x (19.35)°% x 10°
(3.14)° x 9.8 x (0,2)>

f
Therefore, for Variant Cl, he = 0.176m
variant C2, hf = 1.01€Em

Variant <3, h . 1.424m

As the calculated frictional head leosses in surzply
lines are small as Aaccentable, the diameter ©f the

supply lines arc chosen as 0.2m.



Computation of the tark heisht:

(a) variant Z1:

Minimum pressure heac renulred at feeding
point = 17.166m
Topo level at feading point = €693.902m
Hence, H,J.l. ©levation at feeding point
= €93,9%2 . 17.16F = 711,068m
Fricticnal head losses on supply line
= 0.17€m

"loncey HeSel.. elevation required »t bottom of

t.h( t:r!k - 71111:-1? - :.I?F
= 711.244m
Topo level ot the bottom of the tink = 698,171

‘ience 4 prescure head requlired a2t bottom of the
= 13.072m

(LY voriant C2:

At feeding >eint;
Pinimum pressure head required = 14,315m
Topo level = G95.E54m
lience, Helel.e flevation required = 695.E85 + 14,315
= 710.169m
Frictional head losses in supply line = 1.016m
it the bottom of the tank )
HeTel.e elevation required = 710,169 +1.016
= 711,185m
Topo level = 698,171lm
l'ence, pressure head required = 711,185 - 698,171

= 13.014""



(c) variant 2

At Feeding point:
Minimum pressure head reculred = 22.181m
Topo level = €90.854m
Hence, H.Z.L.elevation required = €90.854 + 22,181
= 713,035m
Friction head losses in supply line = 1.424m
at the bhottom of the tank:

H.3.L. elevation required = 713.025 4+ 1.424

= 714,45%m
Topo level 692.171m
Hence, pressure head required = 714,459 = §98.,171

Table 5.3: Comparison of helght of water surface and

percentage of satisfaction for all three

variants to satisfy minimum pressure head

reguirements at all nodes:

Variant C1 Variant C2 | Variant C3
Height of water
.07 » L
surface {m) 13.0 13,01 16,29
Average percen-
tage of satisfac- 30.7 30.6 38,2
tion

The average percentace of satisfaction is a function
of height of water surface, The computed percentage of
satisfaction listed above are for different heights of
the tink. Therefore, comnarison does not reveal much

unless the computation of percentage of satisfaction

for each system of feedino is carried out with a constant

height of water surface.



Comparison of the system of feedings:

For the purpose ot comparirsron, a comron =ource

of supply (constent helsht) was assumed, The height

of the common tank was chosen aec the height of the tank

in variant C°, because this is the heightest tank in’

all the three wvarlants which could satisfy the

minimum standard pressure head requirement at every

nocde in all three variantes,

()

The chosen height of the tank = 16.29m

Noterminatinn of aperational nressure hend at

feeding rolnts:

variant Cl:

H.G.Le elevation at bottom of the tank = 714.459m
Friction head leosses in supply line between
. feeding point anc the tank = 0.176m
Hence, H.G.L. elevation at feeding point = 714,459-0.176
= 714.283m
Hence, Operatlonal pressure head at feeding polint
= 714.283 - &93,902
= 20.381m

Variant 22:

M.n.L. clevation at bottom of the tank = 714.459m
The fri~ticnal head losg in supply line between
the feading point and the tank = 1.016m

“ance, H.5,.L. 8levation at feedinj
point = 714.459 - 1,016

T13,443m

1]

Jence  (Operational pressdare head at feed polnt
= 713.443 - £935.834

= 17,58%m



(b) Computation of nercentaye nf satisfactiong

Knowina the corresponding rrecsura heads at
the feedinj points of the varfants C1 and C2, the

new percentajs of satisfactions could be computed

~ne follows:

Variant Cl:

The averaje increase in pressure head at every
node = 20.,381-17.166 = 3,215m

ilence, increase In percentage of satisfaction

3.215 . 26.8%

“

titnce, the new percentajge of satisfaction

= 30.7 + 26.8 = 57.5%

Jariant C2:

The average increase in pressure head at nocdes

= 17.5383=14,31% = 3,274m
id=ncc, incrcase in rercentage of satisfactlon
= Se274 _

ilence, the new percentage of satlisfaction =

27.3%

2= 30.6 + 27,3 = 57.,9%

Therefore theoritically sycstem with variant
C2 will have the maximum percentage of satisfaction
out of the three variants considered. This again
may or may not bec economical comparec to others.

llow the lenaths of supply lines were measured

énd compared for economy,
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Tazle 5.4 Comparison of Lengths of supnly lines and

percentage of satisfactions:

Variant C1 Cariant C2 variant C3
Average per-—- .
centage of 57.5 $7.9 38.2
saticsfaction
Length of
supply lines 110.0 636.0 890.0
(m)

The length of the supply line of the variant C2 1is

about ¢ times of the length of the supply line of the

variant Cl. ©On the other hand the difference on the

percentage of satisfaction is small as neglegible.

5.5.3.3 Conclutions:

The bhest recommended feedina point for the

residential area 'C' is the nnde No. l. The required

operational nressure head is 17.17m.




5.5.4

salutlion of oroblem B

5.54441

Lata for hydrzaulic comoutations:

The first step Is to flnd the equivalent pipe

lenqgths for those pinpes containing the valves in the

netwsrk.

has been considered,

FPor this purpose neotwork with variont CI .,

Tne computed values of &AW for pines containing

valvege in the network

are

as follows:

Table 5.5 Zguivalent nine lengtns for valves in
area YV
Pine tio. g B [ n 13 29 36 39
a (cfs) 0.02311[0.022300.177810.024 [0.0462]0.0021{0.027
n x 10%
n 8.8 6.3 | 0.50 { b.B 13.1 | 0.59 | 7.6
(m~/s) i
Re i 10° 11.12 | 7.96 ] 0.63 |8.60 18,56 | 0,75 | 9.6l
f 0,029 {0,031 [2.9195]0.0305}0.026 | 0.08 | 0,08
Al
Sa. (4.7 34,42 | 32.26 151.28 22,72 | 3R.46 | 12,5 [12,5
()

The Computed eruivalent lengthe of plpes are as shown

in Fic. 5.7.

21 in the problem A,

#11 other data are remaln same as for varlant
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5.5.4.2 Results &nd Analysis:

As in oreblem A, the relative pressure heads
respnect to feedina point have been computed. The
results are tabulated in Tab: 5.5, along with the
corresronding results of variant Cl of the problem A
(L.e. without valves). '

Crrors in operational pressure head at nodes:

The errors in operational oressure head at nodes
due o minor losses in the network are comnuted as

follows:

Error = Eﬁ’ ] - [&” ] .v .. ww  I5al)
opr opr
A 8
n

opr

A

where [ﬁn j] « Operational pressure head at
opr.
i,
= node 'n' in variant C1 of

nraoblem A,

[%:héL = Cperational pressure head at
node 'n' in nroblem B.

anem
" of error in operational

The computed PPreent
pressure head at nodes are as shown in Tab: 5.6.
Flowrates in pipes from computer analysis are

shown in Fla, 5.8,

£.1.7.3 Conclutions:

The maximum influence of tne minor losses on
distripution of pressure head is o small as l.q%‘

could he nealected in the analysie of nine netwark.
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5.6 Residential area =t

S.€+.1 Formulation of rroblems:

Hare, hydraulic comnutations vwere carricd out

inorder to

(A) ecstimate the recuired anerational pressure )
houds ot each feoding point and to drtermine the
on: vith the highest satisfaction factor:

(1) to determine the influence of changes in rouaghness
on Ai=tribution of operational rressure heads,

-

5642 Common data:

fipe numbers, junction numbers and loop=
numh_.rs arc shovn tn Pig. 5.9.

11 = 12 (rvmumbor of pipes)
N = 15 (Number of junctions)

NI, = 04 (Mumber of loons)

Tots1 number of houscs = 82

Sonzsunntinan ner hmg~o = 0.1% 1/ (2.0 gpm)
csuned vaLor kemporature = 0%~

in 1,0 1ine

nokhe and diapater af pires and also external

fivwe are chown in Pij. 5.10.

ofial “alutlion of “raohlem .;

SefF.3.,) Data for hydraulic comnutatinng

Computations were carricd out =sererately with
throe fceceding points. COne of the feading point was
~hocen ne a clocest point from the central over head
tank while the other two are existina supply rointse,
namely from existing over head tark and cdirectly from

4

pum;inn moin,
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Phe variants arc as follows:
variant £l: Pretwork with o feecding point cdirectly

from pumding nain:

Node number «f this feeding neoint is 1.
Lxterrnal supply at the feeding point 1is
cauivalent to 87 houree,

variant 52; Network with a feeding polnt closéest

to central ever head tank:

mode number nf tie freding polint i~ 15
Cfemand at feeding point eculvalent to
4.5 houses

Henoe Net oxternal flew at the supply
rode 15 equivalent to (82 - 4.5)= 77.5

houses,

'
.

Variant Hletwork «ith a feeading point closet

to over heasd tank:

lNode number of the feedinn point = 8
Nemand at the feeding point equivalent
to € houses.

tlence, Net external flow at feediny point is

~nsulvalent to (B? = £€) = 76 houses.

5.603.2 PResults and analysis:

The tlowrates in pips for all three variants
obtained from computer are as shown in Fi?s g.ll,
.12 and 5,13

opurational pressure heads at feeding points:

In the first step (Eg.43) the rclative pressure
head H: wvere comruted for all three variants, are

shovn in table £.7.



Ci

FIG. 5.311 FLOWRATE IN PIPES (1/s) FOR VARIANT El




FI5. S5.12 FLOWRALTE IN PIPES (1/s) FOR VARIANT EZ2




FIG. 5413 FLOWRATE IN PIPES (1/s) FOR VARIANT E3
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In every syctem of feedino the minimum relative

pressurc hcad [H?] were observed only at node
min

Moo 13, are as follows:

For Variant FE1 ”r w =5.BE6m

(]

%]

» &4
—
-

Variant = =1.402m

Variant =C3 H = =1.979m

Therefore the operational pressure head to be
maintoined at each ferdinag point are as follows

from 2q. (4.4).

for Variant EI1 H1 = 6,00 4 5.866 =11.866m
opr
vartant £2 4D _ = 6.00 + 1,402 =7.402m

: 15 .
Variant E3 Hopr = 6,00 4+ 1.979 =7.979m

ure of satiefuction:

eratinonel pressure heads were comnuted from
e (445) and are tabhulsted zs shown in Tinle 5.8.
From Loe (5.1) nercentage of satisfactions
iere cialculated and are also tabulated in the came
Takble 5.8,
The computed averege ercenta)e of satisfactions
Eg. (4.7)

using 'L for all three variante are as follows;

For Variant E1 = 45 ,7%
Yarfant n2 - 40, 7%

Variant E3 = 43,.3%
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Nesion of su:

5

cly lincs for all three variants:

Tetal No. of hauses = R2
Azsumed demand /hoause = 0,15 1/s

hssumed diameter of supply line = 0.2m
For Variant 21 the lenght of supply
line (L) = £40m

Variant g2 " = 195m
Variant =3 = 945m
Hence, the required rate of supnly at feedling
points for 211 three varients = 82 x 2,15 1/s

= 12.3 x 15%3

Hencz, the Reynold number ne

=G« (4,8)
Re = .-i_. LR
b

o 1
4 x 12.3 x 15° m'/s
X 0.2 x 1.007 x 166 m}s
= 7.8 x 104

The relative rouadhness Eq. ( 4.9)

[

) = 0.0000125

dence, [rom Moody diagram thc friction factor f = 0,0183
tence, the frict!onal head lossecs hf

Ede (4.10) -
. B x 0.0183 x (12.5 x 109 5
£
72 % 9.8 x (0.2)5

h

Ne = 0.00074 x L
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T

Hence, for varlant (1 ‘e = 0.474m

varlant E2 n = 0.144m

variant £3 hf = 0.700m

Ac the zalculated frictional head losses in

supply lines are so small to accept, the ascumed

diamcter of pipe 9.2m is taken ac the desinn value

for the suprly lines,

{a)

Zomputaticn of the tank heinght:

variant El:

The: minimum operational pressure head required

nt feeding roint = 11.8v6m

Toro level at fecding point = 682,131m

s He74Le €levation at fceding point = 689,131 + 11.860
= 700,997m

Frictional head losses on supply line from central

over head tank to feeding roint = 0.474m

Hoencc, HeTel.. elevation recuired at the bottom of the

tunk = 700,297 + 0,474 = 701.471lm

Topo level at battom ~f the tank = 698.171lm

Hence, sressure head reauired at bottum of the tank

= 701,471 - 698,171 = 3,30m
At foecing point:
Inimum crnerationzl pré scure head roquired = 7.402m

To; o level = ©93,4%4m

Hence; PaG.! . flovatlion reguired = 693,294 4+ 7,402

= 700.896m
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Frictional hea? lu=re- 1n surnly 1ine fror

central over head ¢ank o feading roint = 0,144n

&t hottem of the tanks

HeGele clevation roquired

Topc level = <£272_17%.,

hHence, [ ressure bood re oired o

"

(c} Vvariant E3

O —— e ot

At feeding point:

700,89, + 0.144

N1.N40m

7*1.(‘-«1"‘ -— qu.l?l

i

S1€%m,

sinimum prescure hoad reguired = 7,97%m

Topo lcvel = €20.P52g

Honee, '.3.L. elevatisn rauired

~L bottom of the tank;

!:. 'o‘. - :.‘li.‘ﬂ‘dti')n I'l’.‘.'..'il."F‘(“

Tono level = E92:171Im

= 690,854 + 7,279

705.772m

= 700.77% + ©.700

= 701,478m

dence, pressure head recuired = 701,478 - 698,171
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Takle 5.2 Comparison of tank heights, percontage of

catisfactions and recuired Sperstional

rpressure head at freding nolnts for all

three variants in problem A of srea E

ripe network:

Variant 31 Yyariant 22 Variént E3

ilelght of

Tank {(m)

3.30 2.87 3.31

Averangse

nerecentage of 45,7 a0.7

satisfaction

fla
)
]

: ]

Operational
nressure head

point (m)

11,77 7.4C 7.98

Check on satiefactory operctional prossure heads

for houses frem No. 1 to Mo, 12:

The supply limes to the above houses were not
included in the Fig. 5,10 whilch showing the pipe
notwork of residential area T. It is because, only
the clocge loons were considrred in linear theory method
for analyels of oipe network,

The supply line to these houses Is belng tapped

from node 14,
Fige 5.14 shows the flowrates, lenaths between
the noeda- end the dlascharan from the nodes (in

equlvalent houses) for the houses from Mo, ) to No. 12,



)

L3 : Node No.
L : Pipe Length (m)

ti : Consumption Rate/House

(1/s)

FIGe 5¢14 DIAGRAM SHOWING THE SUPPLY
HOUSES FROM

14 OF THE

LINE FOR THE
NO. 1 TO 12 FROM NOBE NO,
PIPE NETWORK DTIAGRAM OF VARIANT E2
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dMomccer of suyrly wein = 0.775m
Concumrtion rate rer house g = 0,15 1/s

"nc reynold numbcrs
E;' - {400) B
4 = 1.°86 1'1"’
he = — Q = LI x L ~
ipp
Talative rouaiincorcd
E= 0.0n20323
D
fhe frictisnal hoad losses in rines h g
- . (‘1.1P) ¥
" 2
h, = 13.49 z 107 fL.”

The computed results are as tabulated in

t-|j'1€‘ q.l‘:‘-

Table §. 30 Friction head loecses in rloee supplying water
tc l t5 12 in area &

house MNo.

iode None Peyncld s, Priction Friction
for the ."-i-i‘“ ze % 10* facter f head lossecs
| hy (m)
-?'--F‘-t - .- g w w e SEE——— = —
14 - 1o ' 2.03 ! QL0278 D.132
|
| |
165 - 7 , W A , D C.073
! 17 - 18 I 2.5% 0.0232 | 0.809 !
! | ' X
2 12 - 12 ' 1.77 ¢ 0.0237 ! 0.025 '
' ) 2l : r ™ r r : -
1') - ﬁs— ! 1.11 I '--'-J"‘— I O-(\l:
1 '
0 s D f 1,25 2.0270 | 0.011
|
7 - 27 i 1.7 G.n290 | 0.006 !
!
7? - :“: I Oo TF- n‘.ﬁ’?] n.j‘jr’
. . SIS S -
Tror the table abave, the tot:) frictinn head lossces
in iorce Letvren node 14 &2 node 23, = 0.356m.




ot

]
Lo e B -~ r
A h3 = F:'.' -_ - w
- .
= el

Hosnce the oparation creaaiape heaad ot the last node

-

more then the minioum -~rescure head recuirement,
the cPlculated aneratinnal nreesure heads at the
ferding pnint could satisfy the minirum pressure
head recuirements ot all nodes which surply water

to all the above houses from 51 - Elﬁ

& -

Comzarison of the system of fredlngs;

For all three varlants, rlevatlon of water surfaces
in the tznk= are chosen as the same elevation of water
surfice In the tank of the variant £3, because the varlant
£3 har the hichest water surface which could satisfy the
minioum stendard pressure head reculcrement at all nodes
for all three variants.

H2nce, from the revious subisection 5.6.3.2. The
chiosen viater surface slovatinn in the tank = 3.31m.

The H.G.L. clevation at tlie bottom of the tank

701.478m.

Coerational pressure hoads at feeding point as

tiie result of assumed water surface level in the
tonk:

For Variant £2:

e Jul.e 2levation at bpottom of the tank
= 701.478m.
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The friction head losses in supply line between

the common tank and feeding roint 0.14m.

L]

Hence, He.5.L. €levation at teecdina noint = 701.478

- 0.144

= 701,33m

Herce, lncreased operationsl ressure head at feeding
point = 701.334 - 692,494

= 7.343"’!.

Voariant E1

HeGole ©lavation at bottom of the tank
= 701.478m
the friction nead losses on supply line
hetween tihe comion tant and feeding polnt
= 0.,474m.
Hence, HeGe.l. elevation at treeding point
= 701,478 = 0,474
= 701.004m
but tzpo level at feredine point = 689.131m
Hence, increased operatinnal pressured at feeding
point = 701,004 - €R9,131

= _1.87"!'“

La

Computation of percentage of satlsfactions:

Variant 2

From the previous result the increaced
yerntional pressurc n~ad at feedinn point
ae the results nf areumed water surface level

in the tank = 7.840m.
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77 the oncrailonal oressure

»
1exd at fecding oint to s .tisfy the minimum standard
crovsure heags at wondes an the network = 7.402m.

Henee |,
Hence
Pl

I ’

increase in opzritioual nroaciurs hoad at teediun

“nine comput~d the Aiffarence of ahove .
= 7.““:{‘ - ?l"i ?
= 3.438F

P

the increacze In operational pressuirs heads at
all node:s due tu ascumed vatcr surface level in
the tank 1e conctant ~quals to 0.428n.

incresce in rercenta v

foom Sce (4.7) 15 a3 follow,
n
= i is H b
B oo % 100
hw‘n
T
oPY x 100
hmin
=  2.43C . 400
6.0
= 7.3%
average percentage of satisfaction = 7.3 + 42,7
= 48.0
risnt E1

Henmo 3

New operational prescure head at fecding roiat

= 11.873m
increase In operational prescure head at feedinn
ncint 11.873 - 11.866

C.007m
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Henc2, there will be an incrcarce of 2.007m ogerational
proeacure o a4 =L aYY) asdes,
Hence, vorane lasro-ee in caresp¥osn AF ~qklafietion

« D007 5 40
F‘.G—
= 0,12
enss, Ehe nov repecntane of sqtiecfootion = 45.7 & 0.12
= 45,82
oy the lenith of eupnly msfne wrre measurnd ond
TomprEed for oocoanamv,
Tkl €11 Comrveorienn of lengths of supoly lines and

percentaae nf catisafactinng;
———

e ——— e e a A e ————— e e —

variant =1 Variant g2 Variant £3

r-.

lL.enth of

Ehe spply 40 195 945

lin- (mn)

vircentane

Af c~-ticf ~4 4% .8 48.0C 43.3
L tion I

1 R R

5.6.2.2 Corclusions:

Tho best recommended feeding point for the residential
aresa o is the viriant w2 which is the closest node from

the central over head tank.
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5.6.4 3Solution of prohlem B

Seged.l Data for hydraulic computation:

All the dxta for the problem B are sawme as for
the problem A of the previous subsection 5,2.3
except the roughnesz of the plues. -
Assumed roughneses of the Ashestas coment
pipes in this section is 00,0005 in (0,0125mm) ingtead
0.0001 inch in a2ll other =ections as estimated in

subsection 4.7.

5.6,4.2 Results and analvsis:

The flow rates and frictional head losges in
pipes obtained from computer analysis are tabulated
in Table No. 5.12.

above

From the/table, 1t is observed that the changes

in frictional head losses in the pipes are very very

small while flow-~rates are game,

Trror 1n aoperational pressure head at nodes:

The error in operational pressure head at nodes due

to changes in roughness of the pipes are computed as

follows:
n n
H - H
EI‘I"OI‘ = Opr ":.1 Opr B - L (5.2)
n
H
opr El

n
where Hopr

Operational pressure head

El
at node 'n' In wvariant El
of the problem A,
n
H0 = Operational pressure head
pbr B

at nodes 'n' computed as in
problem B.
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Table 5,12 Compa risnn of flarates and friction head

losses in pipe when chanling 1ts rouchness:

Flowrates (1/s) Friction(n?ad losses
m
[iepien a Teronen o [ 12710 8, Tovomten @
01 1.54 1.54 0.221 0.224
Q2 1.34 1.34 0.124 0.125
G3 1.47 1.47. 0.049 0.050
04 #.63 £.62 0.097 0.093
05 S.46 .46 0.116 0.121
06 1C.36 10, 3% 0.079 0.080
o7 2.06 2406 0.0% 0.04%&
08 1.39 1.39 0.030 0.036
09 1.82 1.82 0.Qob 0.065
10 2.49 2.49 0.07% 0.C75
11 2.30 2.30 0.076 0.017
12 0.35 0.35 N.004 0.004
13 1,10 L. 10 0.018 0.01b
14 3.85 3.84 0.194 0.19Y
15 1.7% 1.76 0.052 0.052
1& 1,23 1.23 0.019 0.019
17 1.32 1.30 0.034 0.034
18 2.00 2.00 0.059 0.059
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The computed results are tahulated in the

table lic. §.12,

Sefiede3 Conclutions;

The maximum error in operational pressure
head at nodes due to changes in roughness of the

plpe 1s so small as 0,1% that could be negleted.
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5«7 Pecidential area 'P!

5.7.1 Formulation of rroblers:

Her=, hydraulic computations were carried out
inorder to

(A) estimate the recuired operational

3
~
D
i)
5
c
(2
it}

heads at feeding point

(B) to determine Lthe influences of changes in
rate of consurption on the distribution of
nressure heads

(C) to determine the influence of simplification
of the sheme of network on distribution of
nressure heads.

5.7.2 Common data:;

Total number of hnuses 160.

5¢7.3 Solution of problem A

5.7.3.1 Data for hydraulic computations;

Computztions were carried out seperately for
all three schemes of nctwerk,

Variant Fl;:

The scheme of network with pipe No,,
junction No., 2nd loop No. are chown in Fig. 5.15
N

= 30 (No. of pipes)

My 26 (No. of junctions)

", = 05 (No. of locps)
axternal Inflow at feeding noint is equivalent
to 160 nouses., Fipe lennths and diameters, flowrates

at no'es are shown in Fig. 5.16.



(%))

(@} ®
—¢0) -
L&) .
1 )
) »
u[w]
E‘L\ﬂ )

23] [_;.z]
L

NT Fl
i VERIANT
K DIAGRAM FOR V
PIPE NETWORK 1

[ §
FIG. 5.15
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L8] Lei40-40 | 04D
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e o/
v 0
a %0 ,‘” <
[24) v
o 0'.4, 5y U|
6.0 Yo, Sn i Le 183 ]
p=o
(23 bro., [22) s
3 5 Be

FIG. 5.16 DATA FOR VARIANT F1
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Yariant F2: (simplified network of variant r1)

Tne rchere cof notwork with nire M5, junction
No. und loop No. are shown in Pij, S.17.

NF = 27 (Mo. of pines)

N = 23 (No. of junctions)

M. = 04 (No. of lonns)

External inflow at feeding point, is equivalent
to 160 houses. rengths and diameter of nipes,
flowrates at nodes are rhown in Fia. 5.18,

Variant F3: (simplified network of variant F2)

L e ———

The scheme of tho pipe nrtwork with pine No.,
junccion to.,; and lcon Mo, are cshowin in Fig. 5.19,

N = 17 (No, of pipes)

MI = 14 (No. of junction)

ML = 04 (Nm. of loogps)

Mo. of houses at feeding point = 10.5
Henece, et external inflow at feeding point 1s
emivalent to (1€0-10,.5) = 142,5 houses, lLength
and diageter of the pipes, Nn. of houses at nodes
e shovin In Fi3e. 5420,

Ce7:s342 Results and analyeis;

Prictional head losses in pipes [>r all three
varfantsz ure tabulated In tables £.,14, 5,10 and
2616 along vith topo levels of the nodes,

lative pressure heads:

“rom L0e {4.2) the relative rrozeuroe heads at

no!25 respect to fecding point were computed, and

arc tatulated in the Taple Nos. 5.14, 5.15 and 5.1€.
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FIG. 5.17 PIPE NETWORK DIAGRAM FOR VARIANT F2
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FIG., 5.19 PIPE NETWORK DIAGRAM FOR VARIANT F3




*
°
¢
g
=
/

L= 2085

T

(b}
0.5

L= 168 .05

bz o.i

FIG. 5.20 DATA FOR VARIANT F3




TABLE 5,143

CTERATTIONAL

103

PRIOSSURFE

HEAD

AT

Q0DLs

FCR VADTIAIT 72 11 CROBLEM & OF aPLj F
FIPh  NLTWORK
. e elle ) ;
Ho o (m) pipes (m) {m)
1 2 3 4 5 6 7

01 81,508 ] 683,851 1.943 8.100
01 0.608

02 680,183 | 683,243 3.060 9.217
52 nN,009

03 678.963 | 683.234 4,271 | 10.428
03 N.023

ca 672,305 | 683,287 Te852 | 14,109
04 0.127

05 £78.049 | 683,384 5.335 }11.492
05 0.180

06 6EN. 183 | 683,564 3,381 | 9.538

07 683,534 | 684,106 0.572 6.729
o8 0.341

08 £84,.604 | €84.447 ~-§.157 6.000
0o N.157

09 684,604 | 684,604 0.000 | 6.157
10 0.068

10 684,604 | 684,536 0.068 | 6,089
11 0.140

11 6£3,384 | 684,396 1.012

7.169




2 3 A c | 6 7
2 0.159 |

€80.488 £84,2137 2,749| 9,906

£€83.537| €83,949 t 0.4121 6.569
15 0.228 E

€82.774 683.791' . 0.947] 7.104
16 0.010

6£1,555] 682,71 2.156| 28,312
17 0.007

681.402| 683,718 2.316| 8,473
18 0.049 i

678,354 | 683,767 5.413] 11.570
10 0.201

670.354 | 683,96 $.6141 11.72

679,268 | 683,702 4.124 ] 10,591
22 0.017

677.030 | 683,719 b.689 | 12,846

679.268 | 683,480 4,212 | 10,369
25 0.¥02 !

.. | ? |

678.354 | 583.378 | 5.024 } 11.121
26 0.020

$76.677 | 623,35 6.681 | 12,838
27 0.005
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1 2 3 4 S 6 7

24 674.390 | 623,363 2.973 115.130
28 0.030

25 G74.695 t €83,393 B.692 1 14,255
29 0.080

26 875,915 | 852,473 7.558 1 13.715




TAPLS 5.15: OPURATIONAL FRLSUUKS HEWD AT
NODES FOI- V.ARIANT F2 IN DPPOBRLEM
OF ARSA P Tief NoaT.,ORK
“
| e TRy, [ eieteion |hggas T 02 | #s
HD (m) von m) (m)
1 2 | 3 4 5 é 7

01 681,908 | 684.045 2.137 | B8.256
01 0.593

02 620.183] 683.452 3,269 | 9.388
)2 0.011

03 678.963| 232,441 4.478 | 10,597
‘ 03 ! 0,022

04 675.305| 623,463 2,158 | 14,277
04 0.124

| 05 678.049| 683.507 5,538 | 11,657
05 0.177

06 680,183 | 683,764 3,581 | 9.700

07 683.534| 624.231 °-%971 6.816
08 0.254

08 684,604 684,485 -0.119 | 6.000
0o 0.119

09 se4.60a| @24 604 0.000 | 6.119
10 0.095

10 664.604| 594,509 -0.095 | 6.024
11 0.200

11 €£3.384) €84,309 0.925 | 7.044
12 0.350

12 680.428] 682,959 3.471 1 9.590




1 2 3
13 €83.537

1F

5 C

24

=0 [ ol o =
681,585

€78.254

£E76.,677

". ':.'1 - 3—}':'

683,534

683,335

683,329

S —

683,13€1

683,427

c
! o 7
'
. - '
! |
i J.2C2 3¢ 371
~n nrE
0D,.7€0N £ 70
-.“f.'}
| 1,920 s.029

0.138

e ——

2,078

5 267

4,114

4.981

F.E52

8.971

8,732

7.€50

11,386

11.100

12.711

5.090

14,851

13,769
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TABLE 541G OPERATIOMAL {RGCCURD HEAD AT
NODES FPOP VAPTAMNT F3 IN FROBLEM A
OF AREA F P1PE NLT.LCRK
HeGulls Fric, head wn T
JN § Pipe | Topo elevation | lusses in 3 opr
NOs | NOw Levels yn (m) pines (m) (m)
1 2 3 94 5 3} 7
01 684,604 684.604 0.000| 6,000
01 0.370
02 683.384 | 684.224 0.850( 6.850
02 0.461
03 680.488 | 683.773 3.285| 9.285
' 03 0.051
| 04 680,183 | 683,824 3.641| 9.641
04 0.351
05 681.908 | 604,205 2.297| 8.297
05 0.134
06 663.534 | 684,339 0.e05 | 6.805
| - -
1 ¢7 678,963 | 683,06 4.843 | 10.843
8 0.003
08 675.305 | 683.809 8.504 | 14.504
. | 09 0.070
I 092 672.049 | €83.879 5.830 | 11.830
19 ! £82.77¢ | €83.212 0.438 | 6.438
I | 12 0.013
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Ll2 . 3 4 5 G 7
|
11 ! 678,354 | 683,275 4.871 | 10,871
15| ¢ 0,012
13 { 674.3901 682,006 2,516 14.516
16! 0.125
14 £75.91% | 683,021 7.110 | 17.116
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Jhe obrerved mininum relative pressure heads

are as follovis:

Par Varlant Fl HS = =0.157
variant F2 H? = =0.119
variant F3 ni =  0.000

Oncrational prescure heads at feeding point:

From Eq. (4.4), the operational pressure head

m i
Hy., 7t feoding points are s follows:

*rr Variant Pl = 0,157 ¢ €,0 = 6.157m

variant 2 . 04119 4+ 6,90 = £,119m

f

Yoriant F3 = 0,00 4 6,00 = 6,000m

Th: computed operational prezsure heads at

sther nocdes from L. (4.5) are tabulated in the
T+hlcs 5.14, 5.15 and S.16.

coerational pressure head required at feeding
point 1= 6.157m to satisfy 2ll nodes in the

network.
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5.7.4 _coclution nf ~roblenm P

Threc viriants with different rate of consumption
as cho'mn in subeection £,2,4,.2 werc used to cetermine
the influcnce on distributlon of pressure heads,

5.7.4.1 Common data: .

For all three veriante, the pipe network
diagram of variant Fl 1s being used,

5¢7.4+2 Consumption rates for differcut variants:

Thce asumed consumntion rates are tabulated in
Tr'tb1"‘ 5 . 1?.

Seasunttion rates of all three variants in

nroblem B of area F:

VYuriants Tonsumntion/hnuse
(gpm) (1/s)

f1 ) §55 | 0.1275

F? 1.3 0.0975

g 2.7 0.2025

57.4,2 PResults and analysis:

Frictional he»d losses 1n »nipes are tabulated
in Ta%le 5,18 for all three variants,

relative pressure heads:

From Zq. (4.3) the relative pressure heads
respecct to feeding point were computed and the
results ¢ve tabulated in the Table No. 5.18.

The: observed minimum relative nressure heads

are as follows:

variant f1 HE = «=0,117m
variant f2 Hg = =N,073m
variant £3 Hf = =0,269m
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Cperational pressure heads:

From Zge. (4.4) the nr-rerstional prescure heads

at feeding point are comnuted as fnllows:

Variant f1 N.117 + €E,0 = 6,117m

L]

Variant f£2 0.273 4+ 6.0 €.073m -

yariant f£3 B 0.269 4+ 6B,00 = 6,26%m
The corputed operational (ressure heads at
sthor nades are alsn tabulated in Takle 5,19.

Zhanoes in pressur® head due to changes in

consumntion rate AE-*';

rr
Chinges in distributlinan of pressure head at nodes

are zorsuted as follows:

a O - ul
lshopr = anr 1 opr £1 (5.3)
L'n )
-lopr =‘1
n
vhere H_ . = Cperational pressure head
PE M
at node n of variant Fl in
prohlem A
“gﬁr = COrerational pressure head
r
fi
at ‘'node n of variant fi is
problem B
vhere i = 1, 25 3,

Th~ computed rz2sults sre also tabulated in

the Talle 5,.,19.
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A summary of the rolevant changes in operational

pressure heads Hg with respect to changes in rate of

pr
consumption q(qgpm) are as follows:

Tablc 5,20 Maximum changes in operatinnal npressure

heads due to changes in consumption rate:

n
q{apm) Changes in Hopr
(Form  To) ' (Varying between)

2.0 =~ 1.7 0 BY% e 3,.3%
| (node 9) (node 2)

2.0 = 1.3 “led% = 7,0%
{node 2) (node 2)

2.0 —~ 2.7 ~9.3% —= 1.8%

"{node 2) (node 9)

From the table ahove, it i« obscrved that the
extream changes always accured at bnth node 2 and 9.
Nodo 9 ic the feeding noint of the network, while
node 2 is a service node in the network.

The obrerved operational nressure heads at
feedino point 12 not a constant for all variants but
changes from one to another, to satisfy the minimum
presoure head renuliremcnts at the nooes in the
network,

Increase 1n consumption roate requires inerease
of operational rressure head at the feaedling point,
Decrcase nf consumntion rateallows for decrease In

operatinonal nressure head at the feeding point,
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Cn the other hand, a maximum difference of
increase in operational pressure head was reflected
at the node 2 when consumptinn rate was reduced.
Similarly when the consumption rate was increased,

a maximum difference . of decrease in operational
pressure head wvas obzerved at the node No. 2. Node
No. 8 was alwayes found as the critical node where the
minimum standard pressure head requirements has to be
maintained, because of it's hiochest topo graphical
level by nature.

©a7.4.4 Conclusion:

(2) It was rossible tn locate the critical nocde
on which the maximum differences in operational
pressure head was observed.

(b) The maximum changes in operational pressure
head due to uniform decrease and increase in
consumption rate were achieved are tabulated

in pable 5,20,
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5.7.5 Solution of problem C

5.7+5.1 Data for hydraulic computation:

Computatlions were carried out neperately for

all the two variants,

variant 31:

The network diagram of the variant 31 is
same as the network diaaqgram of the varlant 3°2.

Variant 32;

The network diagram of the variant £2 is
same as the network dlagram of the varlant B3
of the problem A in residential area C.

5.745.2 Rezults and aAnalvsis;

The error in the operational pressure heads are

calculated as follows:

0k - Ju"
Error = OPJM LOF’;’}i
n

H
opr
P F1l

.o .e (5.4}

when [%2 :] = Operational pressure
Prlpy
head at node n in
problem &

i = 1 - 2

The ecomputed results are tabulated In Table 5.21.
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Summary of changes in operational pressure
heads with respect to individual scheme are as

follows:

Tab. 5422 Compariscn of errors in operational

pressure heads for all the two shemes

in problem C of area F

= n
Variants Error in Hopr
(varying between)
31 -19% - 3.3%
{node 2) (node 18)
'}2 _4'4 - 11-8
(node 4) (node 11)

The minimum error occured at node No. 2 of
variant 31, which is identical to node 4 of variant 32.
Similarly, the maximum error occured at node 18 of
variant 31, which is identical to the node 11 o{
variant 32,

By looking at the percentage of error in
operational pressure head at nodes we could conclude
that the simplified variant 31 is acceptable but not
variant 32,

57«53 Conclusion:

The conclusion is that some simplification is

possible in the pipe network diagram,
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5.8 Residential Area G

S.8.1 Formulation of problems:

Here, hydraulle computations were carried out

inorder to

(A) estimate the requirecd operational pressure

head at feceding point

and

(B) to determine the acceptable denaree of

simplification of network.

S.B.2 Common Data:

Total number of houses
Consumption per house

5.8+3 Solution of nroblem A

90
0.15 1/s (2.0 gpm)

5.8.3.1 Data for nydraulic computation:

Computations were carriecd out seperately for

all three scheme of networks,

variant Gl

The scheme of network with plpe No.

junction No. and loop Mo,

Fin. 5.21.

NE = 31 (Number
N = 25 (NMumbcy
NL = 07 (Number
Net external inflow

equivalent to (90 ~

are shown in

of
of
of
at

8)

pipes)
junctions)
loons)
feeding point

houses = 82 houses,

Length and diameter of pipes and flow at nodes

are shown in Fig. 5.22
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Variant 52;

The scheme of the network with pipe No.,
junction No. and loop No. are shown in the

PFilg. 5.23.

NP = 23 (No. of pipes)

NS = 17 (No. of junctions)

NL = 07 (No. of loops)

Net external inflow at feeding point
is equivalent tc (90 = 9) houses

= 81 houses.

Lengths, diamcter of pipes and flowrate
at nodes are shown in Fig. 5.24.

varlant 53:

The scheme of the network with pope No.,
junction No. and loop No, are shown in
Pilg. 5.25.
NP = 16 (llo. of pipes)
N = 15 (No. of junctioms
NL & 02 (No. of lonps
tet external inflow at feeding point is
equivalent to (30 - 9) houses = 81 houses,

Lengths, and diameter of pipes and flow at

nodes are sown in Fig. 5.26,
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Com,utations were carrisd nut withnut any
sroblom for variant Al and 33, ~he floyrates are
as shown in Fig. 5.27 «nd £.28,

For variant 52, the computer -  reportcd that
real devided hy zero" and the nroaram was
teri:ainated vithout any result, Adue to zero

elamcnts or element encountered as the Alajonal

-

sloments in the matrix o' on the rrocecs ~f

solvin_ the linecar systerm of cnudtions for unknown

o t; .- N

rolntive presnsure heads:

Tn the first step, (from £q. 4.3) the
relative nressure heads H? vore computed as in
Tables 5,23 and §.24 two variants (6l and G3).

Th: minimun relative pressure heads were observed
ac th same noade far bath variants, (namely, node
23 for varicat 51 and node 19 for variant 533), are
ac follows:

for variant Gl H;“ = =1.366m

For variant G3 oo = 1,382m
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S5¢84¢3.2 Eesults and analysis;

Computations were carried nut without any
oroblom for variant Gl and 33. The flowrates are
as shown in Fig. 5.27 and £,28,

For variant G2, the comgputer - reported that.
"real devided by zero"™ and the program was
ternainated without ény result, due to zero
elenents or element encountered as the diagonal
elements in the matrix ‘o’ on the nrocess of
solvin, the linear system of equétions for unknown
vaector Q.

Relative pressure heads:

In the first step, (from Eq. 4.3) the
relative pressure heads H? vere computed as in
Tables 5.23 and §.24 two variants (Gl and G3).

Tho minimum relative pressure heads were observed
at the same node for both variants, (namely, node
23 for variant Gl and node 10 for variant G3), are
as follows:

23

For variant G1 Hr = =1.366m

10
For variant G3 Hy = 1.382m
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TABLEL 5.23 THE RELATIVE {RESSURFE HEADS
AT NODES FOR VARIANT Gl
JN Pipe | Topo HeGalia Friec. head =
No. | No. Levels elevation | losses in H
(m) KT (m) pipes (m) r
1 2 3 4 5 6
01 693,902 693,902 0.00
01 0.109
02 691.845 €93.793 1.948
02 0,091
03 689.241 €93.701 4.4€0
03 0.087
04 690,244 693,615 3.371
04 0.363
05 692,317 693,251 0.934
05 0.514
06 693,201 693,765 0.564
07 691.637 693,573 1,941
68 C.021
o8 €92.412 698,594 1.182
09 0.060
09 694.250 693.654 -0.596
10 €92.6068 693.128 0.460
12 0.387
11 692.826 €93,.515 0.689
13 0.051
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1 2 3 4 5 b

12 694,838 623.560 -1.272
14 0.042

13 694,512 623.608 -0.904

14 690.549 £93,522 2.973
17 C.448

15 691,509 693.074 1.565
18 0.404

16 691.8i1 693.47¢ 1.667

17 690.470 693,462 2.992
21 0.43)

12 €90, 780 693.031 2.251
22 0.420

19 691,290 693.451 2.1e1

20 692,073 £92.462 1.389
25 0.422

21 692,683 693.040 0.357
2€ 0.429

22 €92.415 693.469 1.054

23 694,817 693,451 -1.366
29 0.002
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1 3 4 S 5

24 694,268 693,453 -0,815
0.003 |

25 693.659 693,456

~0.203
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Pt g

HEADS

AT NODES FOR VARIANT G3

rJN Pipe | Topo HeGeLo Fric. head
NOoo | Ho. Levels elevation| losses in n:
(m) ”2 pipes (m) (m)
1 2 3 4 5 6
01 €93.902 693.902 n,000
01 0,197
02 689,241 693,705 4,464
02 0.085
03 690,244 693.620 3.376
03 0.090
04 €91.637 693,580 1.943
04 r.071
0S5 694,250 693,651 -0,599
05 0.113
06 693,201 693,764 0.563
07 690.549 693,532 2.983
08 0.055
0g 690.470 €92.477 3.007
09 0.033
09 692.073 €93,.444 1a371
10 0.008
10 €94.817 693,435 -1.382
11 0.006
11 693.659 693.411 -0,218
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1 2 3 4 5 6
12 0.014

12 699.415 693.455 0.040
13 0.019

13 691.290 £93.474 >.184
14 0.028

14 £91.211 £93,502 1.691
15 £.089

15 694.818 693.591 -1.247
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Frictional head losases in suoply line to

AeC.Rel o, 8 houces:

The supply line to the above houses were not
included in the Figure which shows the pipe network
of variant 5l1. This i1is because only the closed
loops wvere considered in the linear theory method
for analysis of pine network,

The supply line to these houccs 1s being tapped
from nocde 23 ¢g shown in Fiqg. 5.29 along with lengths
bectween the nodes, and discharges in the pipes,

The diameter of the supply line is 0O.1m

consumption rate per house q = 0.15 1/s

The Reynold number Re

Eqe (4.8)

Re = -—4—— . c = 1-27 X 107 Q

The relative rouqghness

E -0.000025
[5]

The frictional head losses in the pipe hf

3 f10°

he = 84279 x 10
The computed values of Reynold number,
frictional factor, and frictional head losses are

tabulated in Table 5.25.



Pipe Length (m)

Consumption rate/house 3] - (2%)
Node No.
(2e] - faz)
(3] . e
(2] . Y1y
3] (a) )
» (_“']
]
[
v [i2)
0 (el 9]

FIG, 5.29 SUPPLY LINE TO AERLS HQUSES FROM NODE
NO, 23 OF THE NETWORK DIAGRAM OF VARIANT Gl
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FRICTIONAL

HEAD LOSEES IN

SUPPLY T1.INL “WHIZH SUDPPLIED

WATER TO AERLE HOUSES

Node No. Reynold No. ]_Friction Fric. head
(between) " ]04 Factor ¥ lossas h
{m)
26 = 27 1.143 0,029 0.004
28 - 29 0,762 0,031 0.003
29 - 30 0,572 0,032 0.002
30 - 31 0,191 0.C0305 J.0002
Total Priction head losses
hetween node 23 and 31 L
1 T+ ¢+ 3 & B3 f-2 4
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Operational pressure head at feedinqg noint:

For variant Gl

From Table $.23 the H.5.l. elevation at
node 23 when fceding pressure head is zero
= 693,451m
From prewious subsection total friction
head losses In pipe from node 23 to the last
house in ACRLS (Quarters = 0,087m
Hence, HoaG.L. elevation at the last houce) when
The feeding pressure head = 093.451 - 0,087
is zero
= 6923,364m
Toro level of the node at the last house
w 700.915m
Hence, Relatlve pressure head H: at the last house
| = 693,364 -~ 700.915
= =7,551m
minimum standard pressure head for single
storey  building = 6m
Hence, the required operational pressure head at
feeding point = 6.0 &+ 7.551m
= 13.551m

For variant g3

From Table 5.24 the H.5.l.. elevation at node
10 when the feading pressure head is zero

frictlon head losses bet. the node 10 and
last houcse = 0.087m

Hence, H.Z.l. elevation at the last homse when the
fereding nressure head = 693,435 - 0,087
&E EREQ = €93,348m
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The topro level of thoe nade at the last house

Hence, relative prossus o nead H: = 693.384,- 700.915

= =T« 56EMm

The minimum =standard rressure head tn ba
aclntained at sinale storey nouse. o 6.0m
Henes, the gperational pres<ure head reoulred at the
|

fecding point = (.0 + 7.567
= 13.567m

Check on oneratianal pressurs head at nodes

Frcem the previgus, result, The operational
pressury head st the feeding polnt for the
variant G1 1s 13.531m

The operational pressure head at the nodes
which supply water to two storey residentlal
houses along wlth the relative pressure headsare
tabulcced in Table 5,26, f

Table 5.26 Cperational preossure head at nodes

-~

feeding two storey houses in area 5

Node _No. MY yh
— r . opr

{m) {m)
’ 09 ~0.596 12.953
12 -1.272 12.279

T

13 -0.,904 12,647 o
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5.8.3.3 Conclusions:

The required pressure head at the feeding
roint to maintain the minimum required pressure

heads in the network 1s = 13.,551m,

5.8.4 gcolution of nroblem B

Here, the operational npressure heads at
similar nodes in previous subsection 5,8,3 were
compared, The operational pressure heads are

tabulatad in Table 5,27,

5.4.4.1 vchanges in nperational pressure heads Hpyn,p
n
S R
” opr opr
opr A B vee {5.5)
N
[0 ]

vhere, A denotes vartant G1

B denotes variant g3
using the above Eq. 5.5 changes in
orerational pressure heads were computed.
The results are tabulated as in Table 5.27.

5.8.4.2 Concluslons=:

The changes in distribution of operational
pressure heads at nodes due to simpllfication of
nine network Lls so small as 0.33%, that could be

neglected in our problem,



147

TABLE £.27: ERROR IN CPERATIONAL ['RESASUKL
' HEADS DUn, TO SIMPLIFICATION OF
PIPE NETHWCRK CF ARRA G
JN Cperational pres- Nlfference pPercen-
sure heads (m) in opera- tage
tional change
Gl G3 Gl G3 *F:;‘:gsure
01 0l 13.551 | 13.567 0,016 0.12
03 02 18.011 i 18,031 0.020 0.11
04 03 16.922 ' 16,943 0.021 0.12
07 04 15.492 15.510 0.018 0.12
09 05 12.955 12.968 0.013 0.10
06 06 14,115 14.130 0,015 0.11
14 07 16.524 16,550 0.026 0.16
17 08 16.543 16.574 0.031 0.19
20 09 14,940 14.938 0.002 0.01
23 10 12.185 12,15 0.00 0.00
28 11 13,348 12,349 0.00) .01
a2 12 14.605 14,607 N.0n2 0.01
19 13 15,712 15,751 0.039 0,25
16 14 15,218 15,258 0.040 0,2¢€
17 1% 12,279 12,320 0.041 0.33
f
The maximum error in - 0.33%

operational pressure head

= kxcsREDS
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CHAPTER 6

DETERMINATION CF THE HLIGHT OF THD CUMTRAL
QVER HEAD TANK AND CORRECTION TO THE SUPPLY LINES

6.1 Helcht of central over nead tank:

The rcsults obtained in the previous section as
the results of satlsfying minimum rpressure head
conditions at nodes in different residential areas

are summarised in fable 6,1,

Table o.l. Fegulred heljht of water surface and its
' supply lines:

-

i1
=7
@

Areas C

Reruired heiqght of

water surface 12,0731 2.869 1 =5.980 | 11.523
abave the hottom

of the tank {(m)

Diameter of
supply line (m) O-2 0.2 0.:. 0.2 ,_

Length of supply

line (m) 110.0 [ 195.0 1 580.0 1005.0

Dilscharge (1/s) 19,35 12.3 4.0 13.5

from the table above, the critical area which
determines the height of the central over head tank
{= are~ .

The required minimum heilght of the water surface

18 the tank above the bottom ground level = 13.073m.
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Hence, Lot selected minimum height of water surface
(height of the tower) = 13,5m

Hence, Thls gives H,J.L. ¢levation at the bottom of
the tank = 698,171 4+ 13,5 = 711.671lm,

6.2 Courrected diameter of supply Yines from the

central over head tank:

The selectlon of the size of supply lines from
central over head tank were carried out to satlsfy
the £»llowing conditions:

{a) To nutisfy the required operational pressure
head at feeding polnts.

{b) Do supply water smulteneously to all residential
areas by qgravity without any further control on
the supply llne. |

(¢} 7To utllise the éxisting over head tanks.
Computations were carried out to design the | C

supply lines for the selected water surface height |

of 13,%m above the ground. The results are as

tabulated in Table 6,2,

It was possible to select a single diameter
supply line for each area except for area F, to
which two different sizes of plpes were chosen as

the sunply méin.

6.3 Suitability and recommended use of 9xistingf7f 

over head tanks:

The purpose is to investigate whether it would
utilise the existing over head tanks to the respectlve

ArCas,

o _-...__“_ :
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Fig. 6.1 shows the location of the feeding
polnt of individual areas with the location of the
tapping point which supplles water to the existing
over head tank,

6.3.1 Check on pressure head requlrements at the

tapping polnts to feed the existing over
tank s

For area F tank:

Tapplng polnt and the feaeding point in

area F is same namely the node jNo. 9 in Pig.6.1A

For commaon tank at aress E and G

The feeding roint is node No. 15. The

tapping point 1is node No. 8 in Fig. 6.14

The computed results are tabulated as shown in
Tahle 6.3, A sincgle slze of supply main is used for
ar~a F tank while two slzes for the other tank.

Conglusion:

From Tahle £.3, since the operational pressure
head zt the tapping polnts are higher than the
requirad minimum pressure head, = = . | .;:TT:T
we could conclude that the existing tanke could be

fed fram the tapping point of the respective networks,



ONIQ3d3d 40 SNOILVOOT VI *9 *OId

SINIOd ONIddVl ANV SINIOd

jutecd buipasad ¢
jutod bgypddel
1 peay I3A0 [eajull ¢

syue] Bug3istx3l @

SvIey 1VI1N3ANSID )

/ AMYL T¥Y3H ¥IAC

V| (YTis3D Woary

——

3w Addng

llII.llll-lIIllI
ANy .
Al 3 vady Iv JUNVL e >
ANY 0L FANOg rMiddy )
Vicwd 3w Adons
T 569 _\
¥£9'6F9

teT'EoE 7 . *85-v69 _u

& yoren 4 6b5 169 25T



TABILE 6,.3;

10.

11.

b I

13,
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DLRIVATION OF

orep

T IO

g
bsen)

Rt

m

y Y
AL

HoAR

TAPPING POINTS COF 541

ST T NC

o b

ud

CVEF HSAD TALK,

EF T HET .CRK

Fo.D FROM AENTRAL OVER Henh ™

R

Descrintions

ror Area
tank

P!

|

For the tank
to

common

area E & G

——
Lanoth of surply line
from torplng noint to

76.89

the inlot of the tank
(m)

7.93

150.0

iamnter of

—— s - m

tive roughness %

p— - -

nol

0.2000167

5] supnly 1in |
1n-~r N.15
Nat: of flow in surply ~ 2
Tins (1/=) =0

S R R e & ek
rRevrold No, Te ?e03x1IN

&

56x190

1.04x10°

0.000025 0.

0000167

Frictinn factor f

0.0153

b - ——

-

0.216G2

0.0172

Finimum recuired HoALT
tion at tappine

~oint ko supply water
to
ra.

2 ) =y
-

)
> level at tapplng
poiat, Tsbles 8.7 and
§e 1.

Tol

Finimum recquired pres-
head at tapping

sure

tonk (raw 7 and |

S

E84, 604

Pri-tinn?1 loesses in n.73c n.161 0.472
su; 1y line (m)
Woerstion of the |
inl ¢ of the kank () 97.549 706.136
! g€ Plge 6.1 9 ;
AR Sl AU (RR—— . N—

692,799

13.680

13.970

from centr«l
tank (Tﬁb.e. :)

moint (raw 9 - 1C) {m)
He ol e clevation ot
ing point when
]

$99,35

0o rational pressure
he-d ¢t tapping ;geint

whon cuprlied from
tral over head tank

~e

14.746

m— e . e e —— — ——— —

-

727.085

14.286
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6.3.2 Check on pressure head reguirement at feeding

points when supplied from individual tanks:

(a) For area F tank:

Minimum water surface elevation (Fig. 6.1B)

= ©694,384m

Frictional head losses in supply line to feéding

point from Table 6.3 = -22122 4 0,7.35 = 0.705m

76.89

Hence, minimum H.G.L. elevation at feeding point

= 694,384 - 0,705 = 693,679

Hence, minimum operational pressure head at feeding
point = 693,679 - 684.604 = 9,075m
From subsection 5.7.3.2, the required coperational
pressure head at feeding point = 6.157m

Hence, we could conclude that the tank height is more
than sufficient to satisfy the minumum pressure
head requirement at all nodes in area F.

(b) Common tank at areas E and G

Minimum water surface elevation in the tank
frictional head loss in supply line from tank

to the feeding point (Table 6.3),
5,071 28.9

o vieinh N —— 0.472
to Area G = 7.930 x 0.161 + 150 x
= 0.194m
to Atea E « 22071 L 0,161 + 0.472 = 0.575m

7.930
Hence, minimum H.G.L. elevation at feeding point
to area G = 703.277 = 0.194 = 703.083m
to area E = 703.277 - 0.575 = 702.702m
Hence, operational pressure head at feeding point
to area G = 703.083 - 693.902 = 9.181m

to area E = 702.702 - 692,799 = 9.903m
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From subsection 5,.,8,3.2 and 5.6.3,2, the
operational pressure head required to maintain
the standard minimum pressure head at nodes in
the network are as follows:
tc area G = 13,551m
to area E = 7.402m
Hence, we coculd conclude that the common tank at E and
G could fully satisfy the minimum standard
pressure head requlrements at all modes in
area E. But in the case of area G (Reference
to Table $,.,23) it can satisfy the requirements
in all nodes except the nodes feeding the two
storey buildings on the other hand it is
impcssible to meet the requlrements in AERLS
houses,

6.4 Conclusions:

- Design height of the tower for central
over head tank is 13.5m above the ground
level

- Design of supply malns from central over

head tank is derived as followss

Table 6.4 Diameter and length of supply malns from

central over head tank:

Areas C E F G

DiaTeger D 0.2 0.1 0.1 0.15] 0.2
m

Lengths L 110.0 | 195.0 | 120.0 460.0 |1005.0
(m}

- The existing tank at area F and the common tank

at E and G could be utilised for area F and E

respectively to fully satisfy the mimimum

pressure head requirement at all nodes.
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CHAUTEP 7

DETFRMIMATION OF THT CAPACITY OF
THE CENTRAL CVER HEAD TANK

7.1 BRosic reculrements;

The reservolr capacity should be suffici=nt
enouch to equalicse the rite of flow in and out of
the tonk in peck period of consumption and alsc
for any emergencles sucn as Fire fightingsand
unexnected interuntionsof supply in pumping mains
and treatment plant.

Hcnce, the storaje canaclty of any service
rescryoir chould pbe determined based on the results
ob¥*oincd from a Mass dlaoram of water concumption
or from a2 plot of hourly watcr consumntion rate of
the area under consicderation along with estimated
knov'n -~rovisional capacity for tire flow require-
ments -nd the period of (constent rate) pumpiag.
Usually, the capacity reguired for equalising
daily tlow requirement varies between %th to %:d
of the duaily demand[layla et al (19785}DUt an
adcitional quantity nas to be added in computing
the earacity of the service storace tank to meet
the dzmand of eny emergencics.

Accordting to R.S.07. (ritish stundard of
specificition) for Municipal cervices, rejuires
miplmum of 40% of daily demand as the recommended

capaclty ef any service reservolr.
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Estimation of daily demand;

Hence,

tHence,

Total No. of houses in high pressure

zone (g,F,G,C) = 82+ 1€04+90+129

= 461 houses

estimated daily derand = 0,15 1/s x 461

= 69,15 1/s

estimated dally demand/day = 5,974,560 1

mininum recuired capacity of the central
over head tank = 0.4 x 5,974,560 1

= 2,389,824 1

3

= ?,.'?90m

Conclurion:

The selected capacity of the central

3

over head tank = 2300m
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CHAPTER 8

CONCL.USIONS AND RECOMMENDATIONS

The followings are the conclusions and

recommendations from the analysis of this work.

1.

2e

4,

The existing distribution networks of ' .
individual residential areas are adequate.
Therefore, modifications are not required in

all areas under consideration. (section 5)}.

The existing over head tank at area P could
serve and maintain the minimum pressure head
requirements at all nodes in area F {sub.sec.
6,2.2 al. |

The existing over head tank common tc areas E’

G and AERLS houses proved to be incapable of

feeding AERLS houses and the entire area G,zbut

it could serve and maintain the minimum pressure
head requirements satlisfactorily at all nodes in
area E. (sub. section 6.2.2 b}

A method of chosing the locatlon of best feeding
point was developed, considering required height
of the tank and length of supply line. The best

location of feeding points were found for area C

and E. (sub-sections 5.1.,3.2.6 and 5.2.3.2.6)
It was possible to derive the final diameter'

of individual supply lines for each areas to

supply water by gravity from central over head
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tank wilthout any further control in supply line

by adjuétment of diameter of supply line to

heilght of the central over head tank and the
pressure head in the individual residential

area. (sub-section 6.2)

The selected location of the central over head

tank could be concluded as very satisfactory

because of the folloﬁing reasonss

(a) It requires very reasonably acceptable
height of the tank probably due to 1ts
highest location within the area of
consideration. (sub-section 6,1)

(b)Y The location is closest to the critical
area C which requires the highest S
operational pressure head at feediné pdiﬁt.
Therefore, the frictional head losses in .

 supply line is very minimum,.rEqﬁiréguytz“
minimum height of the tank., (Fig. 6.1A)

(c) Becuase the selected location is within the
area under consideration, it requires ieséer
total length of supply linescompared to any
other location outside the area.

Considering the required large volume of the

tank (2300m3) and relatively high topo level

different between the pump house and the locatlion
of the central over head tank (.8m) 1t is
recommended to investigate inorder to cut down

the expected cost of the project by shairing the
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required volume of the tank in two different
tanks: under ground and over head tanks, Water
from the treatment plant would be supplied to the
ground tank and it will be lifted to the over
head tank by additional booster pumps at the ;
bottom of the tank.

The maximum error in distribution of pressure '
head due to minor losses was estimated as 1.91%
which could be neglected in the analysis.

( sub=section 5,1.4)

The maximum error in distribution of pressure
head due to increase in roughness of pipe by

500% was estimated as 0.1%. Therefore, any

small error in estimated value of roughness of
pipe .used will not have much effects on
distribution of pressure head. (sub-section 5.2.4)
As the results of the analysis of changes in
censumption rate in area F it was possible to
locate the critlical node on which the maximu@_. ”

differences in operational pressure head was

observed.
Uniform decreases of 15% and 35% in consumption
rate for area F produces maximiim increases of
3.3% and 7,7% respectively in operational

pressure heads at the critical node, On the A_fﬂf“

other hand, a unlform increase of 35% inaﬁﬁﬁg__éiﬂ
consumpticn rate produces a maximum decrease

of 9,3% in operational pressure head at the;y_T;

critical node. (sub-section 5.3.4)
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1t is worth to advise the authorlity of the

University to investigate the possibility of

reducing the consumption rate by introducing

water meters and relevant water rate charges,
planning for well design Compacted Multi-stor&gé
staff residential houses instead of individual
and far-apart compounds and large scale gardening
within the residential areas. (sub-section 4.2.1)
Determination of the influences of simplification
by removing some connectlons and or Redlstributing
the external out flow at nodes due to house
demands on distribution of pressure head is always

possible, but to define a criteria for the method

of simplification that could be acceptable for the

purpose of the analysls was not able to achieved.

Therefore, the conclusion is that some

simplification is possible. (sub-~section 5.4.4,and

5.3.5.
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