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ABSTRACT

A model for the optimal design of simple comjunctive - source, looped, gravity - fed water
distribution systems is developed and applied 1o the redesign of the water distribution system for a
small urban estate. The model proposed 18 a modified version of that proposed by Hans Jorgen
Rasmusen (1976) and involves two major steps; The Network Solver and The Pipe Modification
Algorithm. The Network Solver utilises the Hardy Cross method for balancing flows and pressures.
The Pipe Modification Algorithm then optimises the entire neiwork of disiribution pipes using a
heuristic procedure on discrete pipe diameters until an optimal solution is ammived al. The vanation of
the combination of the diameter of the distribution pipes and the height of the overhead tank
{pressure head ) supplying the water is the decision vanable. The model allows the optimasation of cach
pipe diameter to revolve around one of three choices; reducing to the next smaller available mpe
chameter, leaving the diamcter unchanged, or mereasing to the next larger avalable pipe diameter.
While the model 1s helpful for recommending optimal pipe sizes, the expenience of the designer is
most useful i the judicious sclection of one of the aliematives proposed, which will best suit the
required conditions on site,

A distnbution system of four networks of 74 pipes is proposed for Liapo estate, Akure city -
Nigeria to replace the existing distribution system of three networks of 64 pipes. Population
expecied to stabilize within ljapo esiate in twenty-five vears. Hence, a design penod of iwenty-five
vears is used. Reliability of water flow o every node within the distribution networks despite breakage.
blockage, or leekage in pipes 15 made possible by the mtroduction of redundant pipes. From the mitial
proposed system of fouwr distnbution networks, an efficiency of between 2 - 15% was achieved,
reducing the total mital pipe and energy costs by about #2080, 000:00.

A comjunctive waler supply system comprising of Iwo imported sources of waler (the Owena
water supply scheme and, the College of Agriculiure mini-water supply scheme) and four boreholes is
recommended to supply the quantity of water reguired by the residents of [japo estate throughout the
design penod.



CHAPTER 1
INTRODUCTION

liape cstaie, Alame was butlt about 20 vears ago with imporied water from the city’s ceniral
water supply scheme as it's major source of potable water. Duning the planning, design and laying of
the pipe sysiem, the cstate was divided into three(1) independent distribution networks with initially
only one source(the Owena Water Supply Scheme through the overhead storage tank st Alagbaka
estate, Akure), and then later, from two sources (the Owena Water Supply Scheme and the College of
Agricultury Mini-Water Suashs Schaa) | Totn s i of e Sl s . S
potable water from the storage tank ai Alaghaka estaie. They are presently laid along the two major
rodds{ Oke-Tiebu road and Oba Adesida’ Ado-Ekin road) winch boarder the estate at the east and west
respectively. When the College of Apncoliure Mim-Water Supply Scheme was constrocied, the water
supply pipe from that scheme was connécted to the main pipe running from the storage tank 1o the
cstafe al the western sechion. These two sources of potable waler 1o the estate though once sulficient,

are now madequate,

104 The Owena Water Supply Scheme
The rwena Water Supply Schome was handed over to the Omdo State Government after the

state’s creation on the 3rd of February, 1976. The Owena wailer supply scheme comprises of wo
independent water supply facthiies; the Owena water supply scheme along Ondo/ Akure road and the
COrwena water supply scheme along Neshal Akure road. Presenily, the largest gquantity of water supplicd
into Akure city comes from the Owena water supply scheme along Ondo/Akere road. At that time a
toial of abowt 8§ million litres of potable waler was disinbuied to such cities as Akure; the stale capiial
Ikere-Ekiti, Idanre, He-Chuji, Ondo, Tju and Tra-Ogbolu. Since 1980, this supply of potable water o
these cities have become grossly inadequate,

LK i i Mini-Water Su Scheme

This scheme was commuissioncd by the then Onde State governor on the 21st of November,
1988, It's major purpose was to compliment the existing central water supply scheme from the Chwena
river. 1t was built o supply potable water to Oba-lle housing estaie, Hapo estate and the Collepe of
Asncubture .
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It comprises one large and small dam{Upper and Lower dam respectively), o treatment plant,
and a pumping plant. Two storage reservoirs were built within the School’s compound with capacities
af about 300 and 1,200 cubic metres. The larger storage tank is located on a hll adjacent to the scheme

in order that water may be released by gravany.

Due to the growth of industries and commercial activitics within the state capital, and the
expanded public scrvices at Federal, State, and Local levels, there has been an mercasing mflux of
people into the city over the past few yvears with major settlements especially within the immediate
emvironment of the major storage reservoir at Alagbaka estate, As a result, the Ondo State owned
Water Corporation has had 1o divert the inadequate quantity of water onginally meant lor the enlire
city's Industrial, Commercial, Agriculiural and Domestic consumption from the major storage tank to
those now localed within it's immediate environment. As a result of undue pressure, the ofhicals of the
Water Corporation staboned at the mini-water supply scheme at the College of Agneulture, have had 1o
divert water meant For the three major consumers to one. The students of the College msist that they be
gven top prionty twendy-four hours a day, This is obviously done (1o the detriiment of the other two

major consumers who at most times, have to source for their own water.

1.1 A BRIEF REVIEW OF RASMUSEN'S MODEL

Hans Jorgen Rasmusen (1976) proposed a heuristic optimal model for the analysis of a single of
multi-scurce, water supply svstemn consisting of looping or branching networks. The main
computational problem of network optimisation rests upon the simultaneous solution of the hydraulic
How {balancing the network Hows and headlosses) and the adjustment of the pipe diameters towards an
optimal solution, Rasmusen therefore decomposed this problem in his model into two subproblems,
namely;

{i) A hydraulic network flow problem which for any known values of pipe diameters and
nodal consumphions can be readity solved by applving KircholT's first law of Oow
continuity and second law of energy loss around a network ; and

(it} A dhameter medification algonthm which attempts to modity the pipe diameters towards
an oplimal solution,

The decomposition of the model into two subproblems implies that the hydraulic flow and

diameter modification must be solved teratively until the optimal solution 18 found. Discrete pipe
diameters are used, and therefore rounding-oft confinuous values of pipe diameter is eliminated. The
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dinmeter of cach indnvidual pipe s revobved around three choices; reduce to the next smaller available
pipe diameter, leave i unchanged, or increase to the next larger available pipe diameter. This choice
depends on the ratio between the prevailing marginal energy and pipe investment cosl. Given that all
nflows and outflows are constant, the least cost cconomic design is given by the pipeline diameter
vector, Dy which mimimises the mvestment in both pipe (installation and maintcnance) and energy
(installing, operation, and maintenance of pumps) costs. This model 5 constrained to water supply
seimoles ol the oplamsation prnciple 1s adaptable 1o other Qow problems.

1.2 PROBLEM DEFINITION

This thesis is theretore to address within Tjapo estate such problems as:

a)  The need to improve the exisiing waler supply and distribution system fo accommodate the
present and projected population for iwenty-five years.

by  The consistent low pressures cxperenced at waler supply mpul points into the estate from the
exasting waler supply sources, as flow of water is cither not experienced a1 all, experienced in
trickies, or 15 resineied (o the residential and commercial activities at the penphery of the estate.

¢} The nesd for a ceniralised mini-water supply sysiem which 1s able 1o supply adequate quantities of
potable water and which will be easier to operate, monitor and maintain.

d)  The under design of the present distribution system by failing to provide oplimal pipe sizes for
both large and small water consumers. Pipes of the same size were used throughout the present
distnbution system withoul distinetion to secondary and small-distribution mains.

¢)  The lope number of dead ends within the existing distribution networks causing large leakage of
water during water flow.

The problems are therefore altacked at both the planning and operational level where the
determunation or modilication of some or all of the numbers, capacitics, locations andfor sizes ol
vanous components are requived to improve the existing distribution at  minimal cost
Recommendations are necessary to determine quantities of water expected from each source 1o meel

daily or seasonal demands,
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(b)

SCOPE OF WORK

As an engmeenng project. the scope of work was defmed to melude the followng:
Tor review some relovant lilerature on waler supply and distribution systems.
Tor cross-check preliminary and detailed designs and analysis of the existing wafer supply and
To determane the schedules of water supply into the estate wathin a speaified penod trom the
relevam guariers, and venfy same on sie.
To carry oul checks on leakage wiflun the distnbulion system.
To check extent of water flow within the estate durmg water supply.,
Tin werify types, sines, and locations of pipes laid within the estate a5 exact as that on the plan,
To carry ow all necessary physical measurements 10 obtain the necessary parameters for optimal
design and analvsis,
Comubtation with relevant institutions g Ondo State Housing Corporation and Water
Corporation .
Consultation with experts on the physical characteristics of the esiate ¢.g. Planners, Architects,
Geophvdcids and Geologists,
To =ubmil a [inal project report covering the entire project.

METHODOLOGY

The followng  procodure was adopted for the research work:

Reconnalssance Survey:

A Heconnaissance survey of the entire project area was carmed out in the form of sudics of all
available maps(Geological, topographical, hydrogeological, e.tc.), plans(layout, etc.) and
reporis{ Geophysical e.1.¢.) of the estate, The sindy area was thoroughly investipated in order to
be scquainted with the project for a fuller understanding of the existing and projecied
conditions of the estate,

Diesign ("heck
A Desipn Check was camed owl on the provious designs made for the estate’s disimbution
systom 1o venfy deviations from prescribed standards,
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(i
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fa)

{b)

(c}

{d)

fe

Spot Levels
Spot levels were carried out on the major streets and avenues within the estate o obtaon exact
elevations of all consumption points above the given datum and slopes of the relevant sireets,

Sample Surveys

Sample surveys were carmied oui within certain sections of the estate o obain cenam
mformaton vital for design such as:

{1} Average number of residents per plot.

(i) Water demands.,

(mi) Water consummplion paflems,

{iv) Exzstent mitastructural developments ongmally not provided for, but existent on ground,
{v) Bore hole and hand-dug well locations and vields within ihe estate.

{vi) Other mdividual sources of waler scquisition,

ORJECTIVES

Within the scope, the project focused on the following main objectives:
To study the existing water supply and distribution system of [japo estate through analysis and
field observations and 1o identfy specific wechnical problems that reguire enginesning, solutions.
To identify all existing and poiential waler supply sources within liapo esiate considening their
vickds, suitability and locations.
To recommend a conjunctive supply svsiem which will include some or all of the eosting and
proposed water supply sources based on all-year round supply and least cost.
To produce a design of an improved, effective distribution system for the celate with the source
from a centralised conjunctive supply svstem using appropriate empirical models.
To eshimate the cost of the proposed improved water distnbution svsiem and compare wath the
existing distnbution system, so as to determing the cost effectiveness and benchis.



CHAFPTER 2
LITERATURE REVIEW

‘Water is the best of ofl things'

Whichover way a body of water may exist on, above or below the surface of the carth, it is a
basic human need and the procurement of it in sufficient quantities is a constani concem o people
everywhere (Mwosu and Ofiako, 1989). In the same way as finances & the key o controlling a nation,
s0 15 food the key to controlling a people. Water is considered the least cost raw material from which
most of our farm produce 158 made. [i s cssennal for the growth of crops and ammals and s a vory
important factor in the production of milk and eggs. Water constitutes 85% of milk, 66% of ¢ggs, 77%
of beef, R0% of fish and 75% of potatoes (Wrght, 1977). Without potable water, life and civilisation
cannot survive (Ayoade, 1988). For this reason, a mation is on the path (o greatness if it can provide
good enough water for it"s inhabitants to drink, use in cooking, industry and samtation

For the reason of locating potable water, commumities in ancient cnvilisation moved rom one
place to the other. It s the one factor which has not only affecied movement, but also the size of
communitics (Nwosu and Onako, 1989). As the positive aspects of water supply e.g. samitation, health,
crop and animal growth, have encouraged growth of commumitics, so have the negative aspects eg
vontribution to desease, discouraged and reduced community growth. Most cibes which rapadly
developed were situated near bodies of consumable water. Some of the catalvsis for that growth
mclude cnhanced communication, navigation, commerce and trade, and protection from external
aggression. [t would be difficult to name any major town or city in the United Kingdom, Nigena or
elsewhere which cither docs not lic on the banks of a mver or has caswccess o other sources of
potable waler (Prnce, 1985).

The development of this resource is 8 major concern for Local, State, and Federal governments
everywhere who constantly strive to make il readily available for consumption. Recent history reflects
the basic role of water in socio-ceonomic development (Cox, 1988). Howe emphasises that water is an
mmportant factor for regional growth. Though not the ‘Index’ for development in all regions, water s
definsiely ome factor that cannot be ignored (Howe, 1968), Other factors which may dictate regional
growth inclede environmental growth, human factors, and the state of physical and mstitutional
mirastructure for the support of the development process e.g. transportation and favourable market
conditions.



In afi sowenes, waler & considered aq “Top Prioniy’, This i w0 becatse water dependent
activities are comsdered major catalvets for development and [ree sources of revenue, Where waler 15
wnored or not gven i1's nghiful place, devdlopment » relarded. Such water dependent activities
inchude irrigation and mdustry. Therefore, water must be viewed as one of the several elements of the
socio-ceonomic growth process with potential o become a limiting factor (Cox, 1988).

11  SOURCES OF WATER

The three major sowces of water are {a) Ground waler, (b) Swurface waler, (¢) Rain water.

[T I P, ISR ey g, LR i L S R Bt s i e el o, WP il LT IS R S———

Other potential sources of puotaiie wakct BiviUds, () DG - SEULEAIGIL AEHE 16 | VSIS = Wikl WCaLisci,

i Ground water

This s commonly referred to mean water occupying all the voids within a geographical siratum
{Todd, 1980). Many ciies around the world for reason of climate or poology have no permancal
sireams, rivers or ponds, vet have been scttled for thouwsands of vears because of ther rehoance on
supphies of water from underpround sources which are often a fow metres below the carth's surface.
The Persians about 3200 B.C used Kanai sysiems exiensively to develop therr ground waler resources,
Kanal systems wers artificial underground channels which camried waler over long distances either from
a spring or water-beanng strata (Biswas, 1976). Al presend, certain setflements m the United Kimgdom
and Niddle East still bear water related names. Such names either begin with “Bir =" or “Beer - or end
with “- well” {Price, 1985).

Ground water accounts for abowt 30%6 of the world's fresh water and s located within a depth
of 200 - 600 meters below ground level (Chow, ebal, 1988), 1 is the larpest accessible store of fresh
walcr and is frequenily of the best quality for domestic and agricalfural usage m the thind world, It
normadly free of contapumants and can be consumed without treatment (Linsley, et.al, 1992), Ground
water 15 replemshed by meteonc precipiiation, miitiration and percolaion through the surtace and sub-
surface soil.

This resource may be tapped through the construction of wells. Classification is madc according
to the method of construction. They are as {ollows:

(&} Dug wells

by Dviven wells

) Jetied wells =}



(d) Bored wells
(e) Dimlled wells
(Wright, 1977)
Distinct advantages of ground water arg:
- Constant lemperatures which are maintained in the aquifer,
. Show movement or séepage of water from the aquifer.
o Greatly reduced evaporation losses,

. Major disadvantages which occur as a result of over-extraction are;

. Salt water intrusion into the aquiter resulting in the deterioration of water quality (Kitching et. al.;
1975).

. Land subsidence; examples have been measured in Thailand - Bangkok between 196%-85 at
800mm/yr. and Maiduguri - Nigena at 6m/yr, {Ogwude and Oteze, 1938)

. Water logzing on an area during an excess recharge situation.

s  Falling water tables { Aron and Scott, 1971).

iii Surface waler

This is water which exists on the surface of the carth in different forms such as streams, oceans,
nvers, lakes and ponds, Fresh surface water accounts for (,.266% of the world's fresh water of which
0006215 in rivers, and 0.26% in lakes. The oceans of the world are the largest comtainers of
watcr(96.5%), but they are saline in nature {Chow,ct.al., 1988).

Many communitics m ancient civilisation had surface water as the major and only source of
consumable water. Till present, many cities and towns are dependent on fresh surface water because of
it"s cheapness and accessibility.

surface walers are highly susceptible to pollution in form of waste eftluents trom domestic,
mdustrial, commercial, or natural activities from it's immediate environment e.g. storm water,
vegetation and animal activity.

The major source of surfoce water 15 preaipitation. This 1, either directly, frem storm water or
underground seepage. Surface walers are susceptible to higher evaporation rates than groundwater.



iii. Rain water

Pacey and Cullis (1986) provides a comprehensive reference on the use of water collected
during rainfall. The method of collection i called Rammwater Harvesting and is defined as the gathenng
and storage of waler mnning off surfaces on which rain has directly fallen. 1t should not be mustaken as
the harvesting of valley Aoodwater or sircam flow collection. It is commonly practised in the rural arcas
m Migena. As the casiest sources of collecling water, 1t requires minimal treatment. This method of
waler collection 15 most effective where rain falls on an average of £ - 10 months in a year, or where
rainfall intensity is high,

It s a fact that on average, rver Hows together with the annual mrmover of ground water
account for less than 40% of the rain and snow which Eall on the world's land surfaces, This shows that
the quantity of water which can be ecffectively collected lrom this resource should not be
underestimaled.

Productive agrniculiure exiended much further into the semi-desert areas of Arabia, Sinai. North
Alca and Mexico in carlier civilisation than in most recent times because of the svstem of rain water
harvesting. The most notable evidence of such a technique in ancient civilisation stems from the Negev
desert in Southern Tsracl where rain water provided a livelihood for a considerable population.

The emphasis then, 15 the collection and conservation of rain waler at as carly a stage as

possible in the hydrological evele 1o ensure the best use of rainfall before 1l has run away inlo rivers and

groundwalter or has disappearcd as evaporation. Collection centres include:

(2) Artificial surfaces at ground level

{b) Land surfaces with slopes less than 50 (150,

{c) Roof tops

In the present contemporary society, method (¢) of collecting rain water is more popular than
(a) or (b). However, use of asbestos roofing sheets in urban areas have disqualified this method. This s
because ashestos fibres in water are fearcd to cause inlestinal cancers, Advantages of ramwater
harvesting include not only the supply of potable water, but also the reduction in soil eresion in rEgIons
where nmoff is high and the soil has litle cohesive force, and reduction in damages caused by
flooding,
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2.2 CONJUNCTIVE USE

The vanous spurces of water outlined above may be adequate for the demands of a community
or region at certain periods or seasons of the vear if wlilised ndividually, On the other hand, the source
being used may have orginally been adequate for the purpose for which it was tapped, but as a result
of the growth of populaton, industry, commerce, e.t.c., this source has become inadequate.
Indradually, water sources are important components of the total Water Resources Management
problem. So, comprehensive analysis of Regional Water Management began considering the
integrated/conjunciive use of as many sources of potable water {Biswag, 1976).

Oplimal beneheial use can be obiained by conjunctive use, which involves the co-ordinated and
planned operation of both surface andlor ground water and/or any other source to meet prevailing and
future demands in a manner whereby water 15 conserved. It is usually based on maximum utilisation of
surface/rain water during periods of above-normal precipitation, and ground water duning periods of
draught (Todd, 1980,

Several advantages of conjunctive use abound such as, greater water conservation, smaller
surface storage, smaller surface distribution, smaller drainage svstem, greater flood control, smaller
svapo-transpiration losses, and reduction in weed soed distibution.

Disadvantages atinbuted to conjunctive use of waler sources are less. They include hydro-
elecinic power, greater power consumplion, greater water salination, complex project operation, and
danger of land subsidence.

It is therefore wise (o incorporate the use of as many sources as possible, so that when one
source {ails, the other(s) will stll have something in hand (I'won et. al,, 1987).

2.3  DISTRIBUTION SYSTEMS

Distnbution systems can be dated back to the time when men sought for ways to channel water
from source 1o place of demand, The system was then limited 1o transporting the resource from it's
spurce 10 a cenlral location within the community where mmhabitants will come to fetch (McGhee,
1991). Progressively, as water sourcing methods improved, distnbution systems also improved, The
Egyptians as far back as 3200 B.C were known o have built intricate water resource networks for
municipal use and imigation. Since then, disirbution systems have evolved to include several other

components and functions and are now usually connecied in imifless number of configurations,



According to Walker (1978) and Walski (1987), distnbution systems include a Source(s),
central waler treatment plant(s), pumping station(s), Reservoins), vabve(s) and boosler pumpds)
pressure reducing station(s), piping, chlonnation, metenng, instrumentation, Gre protection, and public
relations. Unlike water sources, distribution systems are unique to the community for which it is built.
It's configuration is dependent on: (a) Water source, (b) Service arca topography and, (c) History of
the existing water distribution system({if’ any). Though mosty buried under the ground, distribution
systems form a large part of the total expenditure in sourcing for potable water,

To effectvely design distribution systems through knowledge of flow rates and pressures within
the pipe system, several advances were made especially within the engineering environment. Isaac
Newton’s Laws of Motion and Conservation of Mass, Momentum and Encrgy arc the fundamental
principles on which these advances are based. An cxpression of Conservation of Encrgy frequently
used in hydraubics 15 the Bemoulli cquation. It states that “the sum of the Kinetic, Potential and
Pressure energy in a flowing fluid at an upstream point X within  pipe, is equal 1o the sum of the
Kinetic, Potential and Pressure encrgy and energy lost through fnction at a downstream pomt Y some

distance A away from X", It is written mathematically as;

2 Ui
I+R'I.'+ZI#_}+P}'+'Z}'+E ......................... 2.1
ig 2g

where LU Uy - velocity of unit mass of water at X and Y,
Py, Py - Pressure at X and Y.
Zre 2 - Height of X And Y above given datum.
g = Acceleration due lo gravily.
E - Encrgy lost through frction between X and Y.

Theugh piped distnbution of water has been applied for centuries, it is only recently that
engneenng attention has been lumed lowards optimisation of entire systems. Several known
procedures are available for the solution of the hydraulic state of the distribution network with known
pipe dimension and nodal consumption. Such procedures are frequently used to check whether a
particular fayout and design satisfy engineenng requirements (Watanatada, 1973). The flow through a
pipe 18 therefore a function of the Pressurcthead) difference between the ends of the pipe and pipe wall
charactensiics, which is in wm a funclion of pipe characterstic, diameter and length. Several formulas

have been formulated and are used 1o calculate head losses, They are:



The Darcy - Wemsbach lormula
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A = friction factor, L - Length, D - Dhameter, V - Velocity and

g - Acceleration due 1o gravity |

The Hazen - Willham's formula
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CHI:' - Hazen William's coeflicient, () - Flow and L & D as denoted abowe,
The hanomg’s formula
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Where m = Manming's coethicient and [, V&D as denoted m equation 2.2,

Procedures used 1o sobve flow distribution in pipe networks inchade:
The Newton - Raphson method

The Linear Theory meithod

The Hardy Cross method

Capital and operational costs associated with the design of the distribution sysiem arc normally

not nchoded n these calculations. Recemby, several models have been proposed in order to provade
desion engincers with  ready tools for economic and fechnical evaluation of large network problems
while still vatisfying engineering requirements. These models are highly valuable because water supphy
and distribution dysiems reguire massive nvestments in pipelines and instaffations and g0, operational
anvd mestallation costs may soar agher if networks are ill-dessgned. The advancement of Operatons
Research and computation tcchmigues provided an cfficient way of helping the desiener sobe large
scale supply and distribution problems with the least cost  (Rasmusen, 1976). These models sohve the
hydraulics of large distribtttion and supply networks while optimising installation and operational costs.

Several kterature which present such models melude:
Uptmmisation of Gravitv=Fed Water Dembution systems : Apphcation {Bhave, 1983);

Simphified Optimization of Water Supply Schemes {Rasmusen, 1976
Comt and Privmg Relaionships in Waler Supply (Clark, 1976),



=
Least Cost Destgn of Water Distribution Systems { Watanatada, 1973);
Reliallity Based Optimisation Model for Water Distribution Systems (So, ctal, 1987); and
Optimal Expansion of Water Distnbution Systems {Bhave, 1934).

2.4 WATER RESOURCES MANAGEMENT

Water Resources Management was therefore born out of the need to effectively utilise these

supply and distrbution svstems built and to mmprove on the resource’s quality and quantity. Other
carber known cmalisations i the wvalley of the Tigns and Euphrates{ Ancient Mesopotamia),
Indus{India), and Yellow nvers{Huang-Ho, China) had water resources management playing a coniral
rode in therr development (Cox, 1988).
In recent times however, broader definitions have been given to Water Resources Management which
nclude: Water supply; treatment and distribution, waste water collection; treatment and disposal,
drainage and flood management, and perhaps recreation and acsthetics (McPherson, 1970); Decmions
about how and to whom water uscs arc allocatcd as well as the tochnical and economic aspects of
physical water management (Crige, 1973); Relationships between water, the organssms that live within
and around, and it's immediate environment (Biwas, 1976); Development, control, treatment
utiisation, allocation and reuse (Sonuga, 1984); and the continuous use of available waler, surface and
underground conjunctively or scparaicly i order (0 meet vanous demands, implying uninterrupted
supply of water for whatever need viz.: domestic supply, effluent disposal, mdustry, agnculiure,
navigation, power or recreation (Offodile, 1988),

These defimtions, because of their increasingly complex nature, have greatly contnbuted to two
new developments in Water Resources Management namely; The application of Systems Analysis
techniques, and Interdisciphnary involvement, that is, the direct participation of specialists m the Helds
of Ecology, Biology, Chemistry, Sociology, Law, Mathematics, Geography, Political Science, e.L.c
{Biswas, 1976)



2.5  SYSTEMS ANALYSIS

Svstems analysis is of recent origin and was virtually non-existent until the second world war
when complex problems arose as a resull of the deployment of large armies, navies and airforces on a
world-wide scale. There was need for an overall plan of supplying them, controfling and co-ordinating
their tactical and strategic operations. The ‘Rule of Thumb' was not adequate to handle the complex
situation. As a result, new mathematical based planning and forecasting methods were proposed
(Templeman, 1982). Selected mathematical methods were chosen out of those proposed and used to
analyse the overall operation and then used 1o predict the performance of the system. From the many
alternatives, the solution which best satisfied the needs of the war was chosen,

This analvtical study that helps decision makers to identify and select a preferred course of
action among several feasihle alternatives i called ‘Svstems Analvsis’. It basically has to do with
finding the right scientific method or technique which will best model a real - world situation or system,
with the objective of cxpenmenting with the model to gain an insight into the real - world situation
{Biswas, 1976).

Systoms analysis approach 1o water resources management is therefore an attcmpt to look at the
problems of the water resource system on an inferdisciplinary basis by svstems analysis techmiques. In
sumimary, systems analysis answers the following question - “which of the infinite variety and vanations
of possible waler resources systems and policies should be mplemenied 7" {Loucks et. al., 1981).

Broadly speaking, the analvsis of water resource systems imvolves the following stages:

(i) Identification and explicit statement of objectives;

(ii) Translation of objectives into measurable criteria;

(i) Identiication of aliemative courses of action which will satisfy the crilenia;

(iv) Determination of the consequences that follow from cach allernative; and

(v) Comparative evaluation of the consequences of the allernatives in terms of cenain crileria.
(Biswas, 1976)

The comprehensive nafure of cach of these stages mentionsd above would be dependent upon:

(i} The objectives of the designer;

(ii) The data available i cvalusic the modcl;

(i) The time, money, data and computational facilities available for the analysis; and

{tv) The designer’'s knowledge and skill. {Loucks ot al., 1981)



CHAPTER 3
DESCRIPTION OF STUDY AREA

11 AKURE CITY

Ondo state was created on the 3rd of February, 1976 and carved out of the former Western
siate of Nigeria. Akure the capital city, is locared around Latitude 7°13" North and Longitude 5°10°
East, It has an arca of approximatcly 23.02 square kilometres and 15 rapidly expanding. Population
within Akure Local Government arca is estimated at 316,925 according to the 1993 pronasional census,
It is therefore one of the fast growing urban settlements in south-western Nigeria with influx of peoples
ol diverse occupations from many parts of the country.

Akure city 15 situated in the humid tropical region of Nigeria where daily temperaturcs within
the city range between 20 - 35% during the year. Mean annual rainfall is measured at over 1500mm
Depending on the season, humidity ranges between 50 - 90% with an estimated annual mean maximum
hurmidity of 71.85%.. Akure experiences the south westerly winds which are moisture laden warm
winds from the Atantic ocean from March to Ociober bringing the rainy season, and the north-cast
continental dry and cold winds from the Sahara between November and February brnging the dry

REASON.

31 LJAPO ESTATE

ljapo estate is one of the oldest estaies inhented by the state capital, Akure from the former
Western state of Nigeria. It is well planned and probably the best planned residential estate withm
Akure city. It is sifuated at the north-east section of the city. Patterned after the old Bodija cstate,
Ibadan, Ovo state, [japo has an estimated areal extent of 1.17 square kilometres of which about 70 is
allocated to residential developments. The remaining 30% is allocated 1o related senvice onented
facilibies such as petrol station, police station, recreation center, prmary and hagh school, climes, e.Le,
Arca composition of the different facilities within the estate 1s shown in Table 3.1. Politically, the estate
as pari of Akure city falls under the admimsiration of the Akure Local Governmenl although the
residential plots are privately owned.
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Tahle 3.1
Area composition of Tjapo estate (Akure city, Ondo State)

S/No Description Units | Area of unit(sq. m.) | Total Area (sq. %Yo
Km.} Aren
1 Low density plots l 68 | 36 x40 | 0.136 : 11.7
2 Medivm density plots | 322 | 30 x 36 0486 | 4135
N High density plots 233 22 % 30 ' 0,214 18.3
4 Roads : = 0.051 a4
5 | Watershed and Stream | - : 0.042 36 |
| area | lr
& Ijapo Pomary School 1 II S 22400 ':_
| ljapo High School |' 1 | 31300 0.0730 | 64
7 | Recreationcenter | | - | 0.0597 [ 512

% | Utilities: Clinic(2), Petrol |
station( 1}, Shopping |
center{1), & Police I

station( 1) - - 0.065 5.6
9 | Unusable arcas - - 0,040 34
. TOTAL 1.17 100

3.2.1 Population

There are 46 blocks and 623 residential plots within Ljapo estate. Presently, about 5% of these
plots have been fully developed and accommodate a high percentage of the middle and high income
class of the society. About 17 of the 623 plots meant for residential purposes have been converted for
other purposes viz. public and commercial purposes. The estate’s present residential population is
estimated at 6,060, with an average of 10 people per plot. Using the National Growth Rate factor of
4.5%, Steel and McGhee (197%) proposes an Anthmetic model which is used to project the estate’s
population for the next 23 vears, The model is written as;

Po= FiAA X  cismnmassan)

where P, = Projected population in o vears
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P;. = Present Population, n = Projected period, and x = Growth Rate
Therefore, P.x = 6.060(1 +0.25 = 11,235
From this model, there will be an average of 19 people per plot within the estate in 25 years.
Total population is estimated at 11,2335,

3.2.2 Geology

Rock tvpes found within the estate include porphyritic granite in the east of the estate, granite
gneiss mn the center and chamockites in the west. At certain locations, pegmatite gneiss occurs as
ouicrops from veins within the ecarth’s surface.

3.2.3 Topography

Akure in general is situated within a lowland surrounded by towermg hills and rocky
mountans. The land area of ljapo estate is generally sloppy and uneven . The lowest points within the
extale he along the dircction of the streams fow. The verical heighl difference between the haghest
and lowesl points within the estale from the spol levels taken, i approximately twenly - two {22)
melres,

Ohsisi stream, a inbutary of Ala river, divides the estate into two sections. This stream flows
from the northern section of the ¢stale o join al the center, & major natural storm water drainage
channel flowing from the north-west section. The siream then flows through the southern section of
the estafe into Ala river.

Two major roads (Moses Onmolade-Ondo street and Henry Fajemirokun street-Owo Avenuc)
run through the width of the estate from one gate to the other. All other roads connect these major
roads. The road network within the estate, accounts for aboul 4.4% of the total land area. Over the
years, these roads have become unmotorable as a result of erosion, excessive wear, and lack of

mainicnance.

3.2.4 Hydrogeology

The estate 15 underlam by the crystalline pre-Cambnan rocks of the Nigenan basement
complex. Lineament maps of the arca show that the rocks are compact although weathered above the
ground surface. A lineament map compiled and drawn by Owoyerni( 1996) shows three major
fracturcs
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within the estate. Comparison between this map and the layout plan seems to indicate that the Cwisi
stream i structurally controlled. This i evident i the direction of Oow and path along which the
siream flows.

The water table s found at depths of about 2.4m at high clevation points and 0.91 - 1.52m at
valley sections of the estale,

3.2.5 Water supply Sources

Apan from the two mported sources of water identified in Section 1.0 and 1.0.n which are
the Owena Water Supply scheme and the College of Agnculture Mimi - Water Supply scheme, there
arc also other potential sources of water which can be tapped and utilised ecither separately or
conjunction with those above. They are as tollows;

i. Groundwater Supply:

Several boreholes are being utilised extensively by individuals and corporate bodies within the
estate. Of particular note are certain boreholes (precisely two) within the range of 0 - 100 metres from
the Osist stream. When dnlled to a depth of about 60m, good quality water at very high pressures were
found. In fact. one of these boreholes located at block XXXIV, plot 451 at the north-east section of the
estate was found to be arfesian in nature and flows out of the ground under very high pressures. The
olther borchole located at block L plot 19 at the south-cast scction of the estate supphics water to the
public unceasclessly as long as there are no power cuts.

Owoyermi's work on Akure Metropolis proposes that two major fractures occur withm the
bedrock in Lapo estate (Fig. 4). This fraciures have a meeting point somewhere within the area
enclosed by the Shopping Center.  The two borcholes mentioned above are located about 50 - 100
meters away from these fractures and therefore may be a confirmation of Owoverm's survey study .
(Owoyemi, 1996). Suggestions have been made to imply that the Osisi stream is structurally controlled
by one of the major {ractures running from the northemn part of the estate,

H. Surface Water:

The Osisi stream runs through the estate and is a potential source of potable waler if it can be
ponded and treated before distribution. Because of it's source (Ala river) and it°s small nature, the
stream is perenmial. Chate a number of farmers fsh along the stream and channel 1's waters for
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irrigation. Because of it's proximity to both residential and public buildings, it & always subject to
pollution,

iil. Rainwater Harvesting:

This is a less expensive venture provided the facilitics needed for collection are on grownd e.g.
central drainage system, storage facilities, treatment plants and a large collection center.

Presently, thers 15 none of the above facilitics on ground within the estate. Tt is therefore an
cxpensive veniure in terms of instalment and maintenance, although quite a large quantity of water may
be collected. Tt would therefore be most effective when implemented in homes.



CHAPTER 4
ANALYSIS

4.1  Existing Water Supply and Distribution Sysiem

As previously mentioned, Dapo cstale was dnided mio three(3) separale mdependent
distribution networks o allow effective water flow to the different sections of the estate. Two mam
pipes of 250mm diameter supply these networks with water, one maimn pipe runming along each of the
two main roads bordening the estate at the cast and west. The pipe running along the eastern section of
the estate, supplies water to two of the distribution networks which have their source points along the
Oba Adesida’ Ado-Ekini road (Fig. 4.1). This supply pipe runs from the elevated tank at Alaghaka
estate through two booster stations; one along Oba Adesida road and the other just before the cstate,
along the Oba Adesida road/ Ado-Ekiti road. The other man pipe runs from the elevated tank af
Alagbaka estate through the Oba Adesida road 10 Oke-Tjebu road which borders the estate at the cast.
Omne source of water s the Owena Water Supply scheme through the city’s overhead tank while the
other source is the College of Agnculture mini-water supply scheme through it's overhead tank. The
waler from the College of Agnculiure mini-water supply scheme Hows lo ljapo eslale through the

Present demands for water are summarised in the following tables for a residennal population
of 6,060 people, for public and commercial purposes. Wright {( 1977) and Steel and MeGihee (1979)
pul domestic demands between 75 - 380 litres per capita per day and 112 - 177 lires per capita per
day respectively, depending on the locality, scason, available water supply sources and several other
factors, while Twort ef. al. (1987) puls commercial and public demand at 330 litres per square meter
per dav and 40 hitres per square meter per day respectively,

24
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Table 4.1

Estimates of Present Domestic demand(per capita consumption)*

S/No. Description Demand (litres)®
1. Toilet fushing 27
2, Kitchen use (cooking, dnnking, washing, miscellancous) 25
3 Bathroom use (bathing, washing, ctc.) 15
T Laundry 5
5. Car washing, planl walering, ¢lc. 5
Consumption per capita per day in litres B ki
Peak factor L.50
Consumplion per capita at peak period 115.500cd
- ‘Therefore present domestic consumption for 6,060 people is estimated at
| 699.93 cubic metres.
*{Ret : Wnight (1977) & Steel and McGhee (1979))
Table 4.2
Commercial demands for facilities provided for in the Fxisting layour*
S/No. Facility Demand (cubic metres/day)*®
Area(square metres)

L ljapo shopping center 600.00 198.00

2 AP petrol station l‘ 150.00 i 19.50

3. Corporation’s recreation 250.00 82.50

| cenfter

i*A standard demand of 330 hires/square metres'day 18 used lo estimate total demand

(Ref : Twort ¢t al. (1987) )
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Table 4.3

Commercial demands for facilitiex not provided for in the Foastang fayour*

S/MNo. Facility Area{Square metres) | Demand (cubic metresid )*
L. Urwena Bank traiming school 200.00 iy (M
*. ] Modulore goest house 250.00 B2.50
3, Bolington guest house - 25000 8250
[ 4 Cosmic guest House 250,00 §2.50
5. MNetwork hospatal 350,00 115.50
| 6 Roval Birds motel 300,00 9900
7. Joe-Jane hospital S00.00 | 165.00
_ Total Commercial Consumption in cubic metres per day : 1023. 040
' Peak factor 1.50
Consumption at peak period in cubic metres per day 1534.50

* A standard demand of 330 hitres/square metres/day is used (o estimaie iotal demand
(Ref : Twort et, al. (1987) )

Table 4.4
Public demands for facilities provided for in the Existing Layour*
Facility Area (square metres) | Demand(cubic metres/day)”
S5MNo.
1. ljapo estate primary school 600,00 24.00
2 ljapo esiate high school 600,00 ! 24.00
3, ljapo estate police station | 100,00 4.00 '_i
4. Housing Corporation offices | 100000 40,00 |

* A standard demand of 40 litres per square metres per day is used (Ref ; Twort ot al. (1987) )
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Table 4.5
Public demands for facilities not provided for in the Existing Layowut*
S/No, Facility Area Demand {cublc metre/d)*
{(square metres)
l. Cabataf nursery and pnmary school SO0 00 20,00
2. | Mount Olives nursery and primary 250.00 160,00
school
3. | The Redeemed Church of God 450.00 18.00
4. | Trinmohant Christian  Assembly 300.00 12.00
5. | Spring of life Bible Church 300.00 12.00
= |l Reconciliation House 000 | 12.00
7. | 5t. Andrews Anglican Church S 35000 14.00 |
8. | St. John Boscoe Catholic Church 350.00 14.00 i
9. | Grail Center 400.00 16.00 i
Total Public Consumption in cubic meters per day 220.00
Peak factor N 1.50
Consumption al peak period in cubic metres per day 330.00

*4 standard demand of 40 litres per square metres per day is used (Ref : Twort ct. al. (1987) )

Total Presentl demands are:

Tvpe of Demand Volume jm’.l'd!ﬂ
1. Domestic demand: 699,93
2. Commercial demand: 1534.5
3. Public demand: 330,00
Totlal estate demand = 156380

There 15 therefore a present estimated demand of approcimately 2600.00 cuobic metres of
waler per day or 0.03000 cubic metres per second within ljapo estate.
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4.1  Projected Water Demands

Projecied demands for water within the estate for a residential population of 11.235 people, public and

commercial purposes are summansed m the following tables:

Table 4.6

Proposed future Domestic demand(per capita conssmption)

S/MNa. Description Demand (litres)
1 Toilet flushing | 27.00 |
3 Kitchen use (cooking, drinking, washing, miscellancous) ;; 33.00 |
3 Bathroom use (bathing, washing, etc.) I 20.00
4 Laundry | 10.00 i.
5 Car washing, plant watering. etc. 3 1000
Consumption per capita per day in litres | 10000
Peak lactor ' 1.50
 Consumption per capita at peak period 150.001cd
Therefore future domestic consumption for 11,233 people is estimated at 1685.25 cubic metres
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Table 4.7
Commercial demands for existing and future developments*

S/No. Facility Demand
i b (cublc metres/day)®

1. liapo shopping center LR(H0.00 68400
X AP petrol station 300.00 114.00
3 Corporation’s recreation center 750,00 285.00
4 Crwena Bank training school 400.00 152.00
5 Modulore guest house 450,00 171.00
6 Bohinglon guest house 00,00 152.00
7 (Cosmic guest House 200,00 152.00
B Metwork hospatal TO0.00 266,00
] Royal Birds motel 600,00 228.00
10 Joe-Jane hospital 90000 342.00
11 Two Clinics{ future development 0000 228.00

Total Commercial Consumption in cublc metres per day 2774.00

Peak factor 1.50
Consumption at peak period in cubic metres per day 4161.00

commercial demand

"'A ;lmpmr.dshud:rd demand of 380 hires per square metres per day 15 used 1o eslimate
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Table 4.8
Public demands for existing focilities*

S5/No. Facility Area Demand
(square metres) | (cubic metres/day)®
1. ljapo estate primary school 1 200,00 108.00
T Tiapo estate high school 120000 108.00
3. liapo estate police station : 300,00 27.00
3 Housing Corporation offices 2000.00 120,00
5. | Cabytaf pursery and primary school B50.00 76,50
6. | Mount Olives nursery and primary school S00.00 45.00
T The Redeemed Church of God SN, 00 £1.00 o
E. Triumphant Christian Assembly 450.00 40,50
9, Spring of lifc Bible Church 450,00 40.50
10, " Reconciliation House 60000 54.00
1. St Andrews Anglican Church T00.00 63.00
12, 51 John Boscoe Catholic Church 700,00 63.00
| & Grrail Center 630.00 58.50
Total Public Consumption in cubic m!tellrs per day 945.00
Peak factor 1.50
[=— 1417.50

Consumption at peak period in cubic metres per day

* A proposed standard demand of 90 ltres per square metres per day s used to estimate

Total estate demand =

public demand
Total Projected demands are:

“Type of Demand v
Domestic demand: 1685.25
Commercial demand: 4161.00

3. Public demand: 1417.50

Yida

T263.75
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There i1 theretore a projecied demand of 7300 cubic metres of water per day within Lapo estate
m the next 25 vears, That will lring water demand to 0.08500 cubic metres per second.

4.3  DESIGN CHECK

The existing distribution system within the estate was analysed to check whether the system on
ground satisfies all engineering requirements and hvdraulic flow conditions, and 10 allow for an
cffective companison between the existing and proposed distribution svstems. The diameters of pipes
presently on ground, required quantities of water expected for consumption, and presenl pipe cosls
were used for this design check, The Hazen - William’s equation for headloss was utilised in the
manual calculations,

The results of the design check, and other factors atfecting the workability of the existing
system include the following:

(1) Incessant power culs within the city and the estate's environs frustrate a consisten! pumping
patiern ot water into the storage tanks from the different sources and water pressure boosting at
the booster stations.

m)  Mimimum service pressure heads for the vanous consumption nodes/points within the estate are
al most times nol attained because of the low inpul pressures experienced al the source node.
This low input pressure at source node is primanly because of the long distance between the
estate and the storage tank at Alaghbaka estate, the uneven topography within the city, and the
numerous other consumers who also collect water from the same pipe mains running from the
storage.

(iii} There is presenily no waler {low 1o the entire north - west section of the estate because of the
total collapse of the PVC pipes laid along Ondo sireet.

(v} When water is released from both storage svstems, actual quantities of water supplied to the
estate cannot be venfied. The schedules of releasing water to the estate arve lughly erratic and so
cannot be depended upon,

(v}  Water demands calculated [or the estate in Tables 4.1, 4.2, 4.3, 4.4 & 4.5, show that estimated
present water supply, when possible are inadequate and will not meet the needs of the residents,

{vi)  Several of the plots within the estate are now being used for purposes for which they were not
orginally planned and designed for. In most cases where this is so, waler demands are presently

higher than the original estimate.
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{(vii) Several AC and PVC pipes laid within the cstate have been either broken or dug up by the
residents. This resulis in large water losses during water flow.

(vill) Several residents within the estate have constructed cither wells or boreholes to cater for their
individual or commercial needs.

(ix) Excessive leakage have been noticed within the individual distnbution systerns when water flows
a& a result ol the large number of dead ends which through excessive pressures aver the years
have wom oul.

44  OPTIMAL DESIGN

The optimal model proposed modifics the model proposed by Rasmusen (1976) for multiple or
single source, branched or looped water supply systems to a model which optimises single (conjunciive)
source, looped, gravity - led water disinibubion systems. This modilied model uses the optimisation
principles emploved in the Rasmusen’s model. The model is decomposed into two sub - problems; The
Hydraulic Network Flow problem and the Diameter Modificaion Algorithm. The Network Flow
problem employs the Hardy Cross steratnve method for balancing pipe Hows and headlosses around a
loop while the Diamecter Modilication Algorithm cmploys Rasmusen’s optimisation prnciple of
sequentially adjusting pipe diameters either one diameter value upwards, downwards, or leaving it
unchanged. This choice of modilication s dependent upon the ratio between the prevalent marginal
energy cost and the pipe investment cast,

Optimisation 15 then achieved by varving the combination of both the pipe diameter and
pressure head (the height of the overhead tank) at the source node, while at the same time
accommodating the mitmum service pressure requirements of all the consumption nodes within the
distnbution network al the least possible cost. Because of the tight nterdependencics between lows
within a network, an optimal size of a pipeline cannot be calculated individually. It must be Tound as
optmal in relation to other pipes within the network.

Alihough this model is of a Mixed Integer Linear Programming (MILP) sort, it is best solved by
a heuristic engineering problem sobving technigue other than a standard MILP techmgue. This is
because a standard MILP technique cannot handle non - lincar constraints, and there is the need to
exercise practical engineering judpement durng the analysis of the model, other than a straight

optimisation process which cannot take into consideration some peculiarities of the distnbution syslem.
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A distnbution network for the estate is proposed tor a service time of 25 vears. The network utilises
and modifies two of the three existing layouts, and breaks the third exasting layout into two, making
the total number of mdependent networks four. This is done for ease of analysis, stmphicity, reduction
m pipe cosis, clective water flow, independence and to aid operation and maintenance. The four
networks proposed involve none of the pipes of the cxasting networks bul the miroduction of new
pipes of different diameters where applicable. As much as s possible, dead ends are avoaded 10 reduce
possible leakage and discourage stagnant bodies of waler within the sysiem.

The sequential steps taken to optimise the distribution svstem are as follows;
(1) Calculate the hydraubic state of the network.
(2) Locate the crfical node.
(3) Search for all the critical links and choose the most appropriate.
(4) Compuie the Actual Service Pressure heads.
(3) Calculate the total costs.
{6) Calculate marginal energy and pipe cosis.
(7)  Modify all pipes sequentially.
(8) Repeat steps (1) to (T) until no further cost improvement is found possible.

The details of the above steps are provaded in the sub-section below.

4.4.1. Calculation of the hydranlic state of the network
Alter the proposed network lavout has been decided upon, pipe dimensions are chosen tor

¢ach of the pipes within the network and would be dependent on the designer’s specifications. Pipe
lengths would be known from the proposed layoul. Water demands can be deduced from the targeted
consumers and summed up 1o obtain the total demand of water within the distnbution system.

Flow distributions are assumed for cach pipe within the network subject to Kirchoff's first
which state’s that “ the total quantity of water leaving a node must total that entening it”. This imphes
that the total amount of water stored al a node within a distibution system  must be equal to zero.
This law s stated mathematically as;

S, ™ M arine -t K a5 iewiswisnisinirens 4.1
where ZQ e = 0
Where Oy, = Quantity of water entering the node, Qe = Quantity of water leaving the node,



Qconmumyption — Quantity of water consumed , and Quong = Quantity of water stored at the
node.

The flow of water through any pipe X is a funciion of the pressure difference between i and §,
the diameter ol that pipe, and the cocfficient of pipe resistance.

The Hazen - Williams's formula is used in this model to calculate head losses within pipes.
The Hazen - William's cocfhicient of pipe resistance, CUyye has several values depending on the type of
pipe chosen within the network, The Hazen - Wilham's equation for flow and headloss are stated

mathematically as;
Flow,
g = 08a9c,, B2y Byen ity 42
Headloss,
i, - 10.7 Lo -

Where Cyw = Hazen Wilham's coefficient, I3 = Diameter of pipe, H;, H; = Pressurc Head at node 1, j,

0 =~ Flow, Hg = Headloss within pipe, and L = Length of pipe.

Dhameter, Dy of any pipe X used must be equal or greater than the minimum required size,
Dhgin recommended for such a distribution system. That is,

The Hardy Cross method is then used after calculating pipe headlosses, to ileratively correct
pipe flows within the loops chosen by the designer. The comrection of pipe flows are subject to
Kirchofl™s sccond law, which states that “the sum of headlosses around a loop must be equal 1o zero”.
It 15 wrillen as;

N TR | RN 4.5

Where LHy = Sum of Headlosses around a loop

Practically, a value of up to 0.5 is siill considered negligible. Values higher than this warrant
that the entire Hardy Cross process of pipe correction be carried out agamn from the first to last loop
within the distribution network using the already comrected pipe Hows. This process is repeated over
and over again until headlosses within each pipe are negligible.



4.4.2. Lecation of the Critical node
A Crfical node Cn s chosen for the network afier the hydraubic fow condiions have been

satiafied. The choice of which node should be chosen 1= dependeni on certam condinons as stated

helens;

i. The physical elevation of the nodes;
Fram the spot lovels taken on ground, the nods with the lowest slevation within the distnibution
network is the best chotce for Critical node. This node does not necessanly have 1o be the node
farthest from the Source node.

il. The network layout{showing Mlow patterns);
Peradveniure thore arc two or more nodes within the disinbution network with the sams
elevatims, (he Gow patterns wathn the network can decide on whach node should be chosen. A
carcful study of the Bow paticrns may mdicate that one particular node at the lowest elevabon is
located at a point within the network where it i the recipient of the last drop of water when
water flow ceases. Thie node is commidered the best choice smongst the several alfornatives
which may exist,

iti. The Service Pressure head requirements;
This condition cannot be isolated from 1 and 3 above and should be considered it § and 1 are
nert sufficient cnough to choose a critical node. The rode amongst the possible number, with
the lowest numencal mimmum service pressure head 15 most simtable, The cntcal node is
assigned the value of it's . minimum service pressure head. That i, tor the Critical node,

Bage = Baggp o 4.6

Where hygp = Actual Service Pressure Head |, and hygp = Minimum Service Preseure Head,
The actual service pressurcs of the other nodes within the network will then b calculated with
refevence 1o the Crtical node,

4.4.3.

All paths which show the fiow of water from source node to criical node through so many
pipes arc potential oritical paths. The pressure drop glong the cnitical path from source node (o eritical
node will determine the mput pressure (actoal service pressure head) at sowrce node necessary 1o
mamntain the pressure requirements of cach node within the network. Actual senace pressure head



values less than that of the cntical node, recorded for other nodes while nunning the program is an

mdication that the path chosen & not cnitical.

The Cntical Path Method (CPM) normally used in network analysis is adopted 1o determine
which of the allemative paths are crtical. Applying the CPM method 1o distibution networks show
(i)  Armows within the distobution network represent direction of water flow mstead of job

sequence as in CPM.

(1)  Arcs or straight fines in the distribution network represent individual pipes instead of mdividual
jobs in CPM.

(iii) MNodes within the distribution network represent consumption points instead of specific pomis in
time which mark the completion of one or more jobs in the CPM project.

(v} Flows within cach distnbution pipe represent activity durations in CPAL

(vl  The process of determining the critical path begins at Source node and ends ai Critical node.

(vi) The carliest ime of node §, i CPM is represented by the maximum quantity of water, U which
can be obtained at that node assuming there 18 no consumption. This means that if there are two
pipes S and T supplyving node j with various quantitics of water, say 0,005 and 0.008 m’/s
respectively, pipe T with 0.008 m'/s will be chosen. This computation is camicd oul from
source node to Cntical node and s denoted as:

U = Maamum (U; + Q) .oovivniinsinaninn 4.7

Where U; = Maximum quaniity of water which can be obtained at node j.

Ll; = Maximum quantity of water which can be obtained at node 1.
(i = Quantity of water flowing from node 1 1o node §.

{vii)  The latest time of node 1 in CPM is represented by the minimum quantity of water, V; which
can be obtaned al that node assuming there s no consumption of water al the node i This
computation on the other hand s camied out from Cntical node to Source node aller U has
heen computed. In general,

Vi= Mimmum (V; - Qy) i 4.8
Where V; = Minimum guantity of water which can be obtained at node §.
V' = Minimum quantity of water which can be obtamed at node 1.

The basic assumption therefore is that the choice of a Critical path in the distibution network

s proporhonal to the quantity of water flow within the pipes. Any path at the end of the computanon
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L and V; which has a zevo float o then chosen as the critical path. Ths also wnphics that the surphs
pressures, Sp of each pipe om the critical path s egual to zero.
Therefore, for nodet, Float, = -V i 45

and Surplus Pressure, Sp = Basp - Bugp coneciiicenninn 4. 10

Paths apart from the critical path are labelled non - critical. They feed waler 10 pans of the
netwiork where the achual service pressure heads n the nodes exceed the required manmmum senice
prossure heads.

4.4.4. : A ervice Pressure heads of alf nodes

Flow through any pipe is 2 function of the pressure head difference between the ends (node 3
and 7} and the flow resistance, while flow resistance is m turn a function of pipe wall charactenistics,
pipe chamscfor, I and pipe kength, 1. Pressure Josses for cach pipe m the network are therefore
calcutatcd using cquation 4.2 and is given as;

QL
02T7C . D

Where AHj = Preswure Head difference between nodes i and j

Smee the cnbical node has been asmgned the value of the node’s mimmum service pressure
head, # becomes the reference point for the calculation of all other nodes.
(i}  Critical Fath

The actual service pressure head for any node i on the critical path adjacent to any node |
whose sctual service pressure head s known, may be calculated by adding the actual service pressure
head of node j 10 the pressure loss within the pipe X that links the two nodes. This is done for all the
nodes on the Critical path in a contrary direction to the Bow of water, For the Critical path therefore,

Bagmiy = Bagog T A oo 12
(i  Nen-Critica) Path
The rodes on the Cnitical path are finked through one or more pipes lo the nodes on the Non -
Critical paih. Since actual service pressurs heads of nodes on the Critical path have been computed,
actual gervice pressure heads of nodes on the Non - Critical Path can also be computed.
Service Pressure heads of cach node § is calculated by subtracting the value of the pressure hoss
of the linking pipe from node 1 whose actual senice pressure head i known. 1 is given as;
bxgpiy = Dagpyiy = Al ceiciriiniiiniiisiainenis 4.13

AH, =H —-H, =]

7 5 AR &
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As previously mentioned, any Gnal values of actual service pressure heads winch are less than
that of the Untical node mdicates that the path chosen # not cribical and should be changed 1o another.

445 Caleulation of total costs

The total cost of a disinbution network will be the sum of all pipe and energy costs.

Tofal cost = TEmergy cost -+ LFipe cost

Pipe and energy costs are expressed in this model as capitalised present values. Pipe cost per meter, P,
which is a function of pipe damoter, 1 mcludes cost of pipe per unit leneth, mstallation. location and
mamierance. From equation 4.11, pipe diamefer may be expressed m tovms of difference i pressune
head loss, A,

The total cost of pipes of length. 1 within a distnbulion svsiem 18 given as;

Tipeoosl = 2 Loodh i 4.14
pel

Encrgy cost . Ec hqi:ﬁmdasﬂmmﬂnfpmmfm:ﬁ:dmdﬂmmwﬁtmﬂmﬂm}lﬂf
waver one meter (1m) continoously over the service tme. Litleton (19623 denves cost of energy as
follows;

Power is given & e HINIE) oonnniinssnn 4,15
Where ¥ = [£ = Specific woight of water = 9.81x10° = 9810N/m’
Qs = water supplicd through the source node ( m’ /s)
H = total dynarmic head of pump ( m )
Actusl Power consumed i then given as;
. H
Fower consumed ﬂ:‘-‘b_;___”ir !

Where ¢ = Wire to Water efficiency = epxey, = 75 = 075
981x10'0  H

Power consumed = D750 (W )
- 13.08 O:H (KW)
Cost of Power consumed dunng service penod is given as;
Ee = 13.0806H x t (KW =hr) i 4.16

Where t = imclhours) of operation during service period
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For a network with expected flow, )z and head, Hs at source node, total Energy cost for
service penod i given as;

“Energy cost = L N AR ———— 4.17
4.4.6. Calculation of marginal encrgy and pipe costs

At any particular siep of the opimisation, the diameter modifications are limaled 10 one of
three options: the pipe diameter may be reduced to the next smaller available diameter, the next larger
available diameter or the diameter may be left unchanged. The decision 1o reduce, merease or keep
unchanged the diameter of a particular pipe depends upon the ratio between the prevailing marginal
encrgy and pipe investment costs.

(i  Marginal Energy Costs

As written in equation 4.17, total Energy cost is given as  E-QsHs. The cnergy cost per unil
head (Marginal Energy cost, Mec) will be E-Qs. Since there is only one source, Marginal energy will
then be constant along the Critical links,

Pressure head drop along pipe X with diameter D is given as Aff . Pressure head drop along

pipe X for the next larger available diameter D + 1is A f” and the next smaller available diameter
is AHY ™. An increase of pipe diameter from D to 1D + 1, will result in a head loss egual fo
AHY - AH Y™ - 8y, whereas a reduction in pipe diameter from D 1o D - 1 will result in a head
loss equal to AH ™' - AH [ - S, Surplus Pressures, S have been calculated in equation 4.10.

The general equation for Marginal Energy cost will be;
e  Margmal Encrgy cost saving for merease in pipe diameter

= Me (AH Y —AH " =80 ) 4.18
* Marginal Encrgy additional cost for decrease in pipe diameler
— Me (AHZ' = AH? =8, )i 419

The energy cost along pipe X will then be Mee Q. A cvenvviiiciinnccciniin 420
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(i) ~ Marginal pipe costs

Pipe costs as computed carbier is given i equation (4.14). Marginal Pipe cosis will then be the
additional costs or savings armived al by either mereasing or decreasing the diameter of the pipe. In this
case, pipe cosls morcase with mcreasing diameter because of the hinear relationship above. The
general equation for Marginal pipe cost for any pipe X will be;

e Additional cost for increase in pipe diameter from Dto D + 18

- -'_T{P{'_{“l _PED] ........................ 4.21
. Savings mn cost for decrease in pipe diameter from D to - 1 18
e B (S — B Yo e

4.4.7. Modification of all pipes sequentially

For a pipe X, the cnergy cost is a function of the headloss between the nodes at the ends 1 and
J. AHy (equation 4.20) and pipe cost 8 a function of diameter, I} of pipe (equation 4.11), which in
turn is a function of headloss, AHy (equation 4.14). The minimum cost of that pipe X in terms of both
energy and pipe cosis can be computed by differentiaing wath respect 1o the difference m pressure
head, A Thas gives;

d{Total cost{AH )} z.:l‘{Emrgy ms!mﬁ'r]}_"d{ﬁpemsr{éﬁx_}} -6

d(NH ) d(AH ) d(AH )

When plotted as curves, the value of the encrgy cost B is an increasing function of pressure
head loss, AHy , while Pipe cost P is a decreasing function of pressure head loss, AHy . In other
words, an increasc in pipe diameter would result in a decrease in both pressure head loss and energy
cost. Whereas, a decrease in pipe diameter would result in an increase in both pressure head loss and

b 23

energy cost,
Applving the principle of Tuming pointz for curves (Stroud 1982);

i £=ﬂ and q’z_}r:mm then the function 15 at it's maximum
dx d? '

If iﬂj‘ and £§P=D then the function is at the point of inflexion.
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The second differential of equation 4.23 produces the marginal cnergy and pipe costs.
Applying this principle for cach pipe within the network gives the basis for optimisation. Two lesis
(First and Second) are used to distinguish the decision process.

For the first test of optimisation, the diameter of a pipe X is reduced from I o I - 1, If the
sum of the additional marginal encrgy cost and savings in marginal pipe cost as a resuli of reducing
that pipe diameter from D to D - 1 gives a negative value, this means that the sum is al it"s maximum
value and implics that the pipe diameter should be reduced from D to D - 1. If the valoe is positive,
then the second test of optimisation is performed. The mathematical expression below explains the
first test of optimisation;

If diameter D is reduced to [) - 1 and

=+  then the lunchion 15 af it"s mmrmim.

L (PP =P Y+ Me (AHI' —AH? -8,)=—ve ...42

OR
LAP? P> )y> Me (AHT ' —AHZ—8.).. 4.25
IMPLICATION: Diameter, 1) is at it's maximum value,
RECOMMENDATION: ~ Reduce pipe diameter from D to D - 1.

But, IT diameter 1) is reduced to 13 - 1 and

L (PP —PP'y+ Me (AHZ' -AH] —S,)=+ve.......426

IMPLICATION: Diameter, [} is not at it’s maximum value.
RECOMMENDATION:  Leave Diameter as I) and then perform the second test of
optimisation.

The second test of optimisation imvolves the increasmg of the diameter ol pipe X Irom D to
I + 1. If the sum of the savings in marginal energy cost and additional margmal pipe costs as a resalt



of increasing the pipe diameter from D to DD + 1 gives a positive value, this means that the pipe
diameter, 12 should be increased to D + 1. If on the other hand, the value is negative, this implics that
the pipe is at it's point of inflexion and should be lefi unchanged. The mathematical cquation is given
below;

IT diameter I is increased to D + 1 and

L. (PP —PPy+Me (AHE ~AH>' -8, )=4ve ... 427
OR
Lo (P> =P y< Me(AHY = AHZ" =8,) o 4,28
IMPLIC. 0N Diameter, D) is at it’'s minimum value.

RECOMMENDATION:  Increase pipe diameter from D to D + 1.

But, IT diameter D is increased to D+ 1 and
Lo (P —P7)+Me (AHy —AH" -8, )=—ve ... 4.29

TTOMN: Diameter, D) is at it's point of inflexion.
RECOMMENDATION:  Diameter remains 1.

4.4.8 Repetition of section 4.4.1-4.4.7 untl

The process of optimisation requires that the seven steps (1) - (7) on sechon 4.4 be repeated
over and over again until there are no further cost improvemenis. The designer s then left with several
alternatives to choose Irom which will depend upon the requirements ol the chent.
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45 THE OBIECTIVE FUNCTION

Gven the summary of steps above, the least cost economic design of the distnbution system is
given by the vanation in both the pipe diameter, IJ and pressure head, hyse at the source node which

minimises the objective funchon:

Cﬂﬂ{ﬂpvh.iﬂ )= i!‘.f‘} L) +{Q-"h£ﬁ']s 'Hc“ PITVETYORITWRRRY 5 |

=1
Pipe cost, P 5 a tunction of the diameter of the pipe, which in tum is a function of the headloss, A
The Objective function is solved subject 1o the following constraints,
(1} Minvmum permissible Diameter,

A 5V A —— | |

{ii} supply conditions at node N,
Quw = ZQraving + Qeonsumption «seevessssreassures 4.32

(i}  Headloss requirements aroung 3 joohl

Ehi= i 4.33

Where Headloss, Hy is a function ol ) and 13 and is given as;
gL 10.7 L'
P O D

() Minimum Pressure head requirements at any node N,
hugp 2 Bpgp coesisivnarmenmmeressnididid
(v} Flow equation,
Q = f(Dp L, Cygy, AH) ..o 435
Where flow ) is given as

| np: o ... H,-H
;:_:' 2= U,H-‘l-g'{___'”w{ 3 1{4_}[ ]{- T




CHAFTER 5
DISCUSSION OF RESULTS
5.1 SELECTED PIPE SIZES AND COSTS

The case studv considered m this thesis has a total number of 76 pipes in four networks which
are independent of one another. This proposed optmial system of four networks of 76 pipes is to replace
the existing system of three networks of 64 pipes. The proposed optimal system contains some
redundant pipes which serve to improve the reliability of water flow 1o every node within cach network
in case one or more pipes which nommally carry a given quantity of water for one reason or the other
are unable to do so. The redundant pipes then serve as altematives. The distnbution networks are
labelled Network A, B, ', and I, and are shown in figures 5.1, 5.2, 5.3, and 5.4. Neiwork A has a total
number of 23 pipes, Network B; 29 pipes, Network C; 10 pipes and Network I; 14 pipes.

Commercial pipe diameters used in the model are restricied o certain sizes because of the sizo of
the estate and water requirements . These sizes are 75mm, 100mm, 150mm and 200mm. As a result of
the restricted diameter of pipes available in the market, Gabvanised iron pipes of 73mm and 1{{mm
diameters and Asbesios cement pipes of 150mm and 200mm are chosen, and 10 be used ather
scparately or in combination within the four distribution networks.

Cost of clectricity from equation 4.16 is calculated as N11.00 per Kw. Therfore, Marginal
Energy cost for the peried of twenty-five years is One million, five hundred and fourteen thousand
naira, based on 1996 vear of market survey taken at Akure city, Nigena.

The Results section is divided into four according to the number of distnbution networks.

Table 5.1 shows the present commercially available pipe sizes and their costs in the market.
TABLE 5.1 Pipe Types and Costs{ According to 1996 market survey at Akure city - Nigeria)

PIPE DIAMETER, D (m) | TYPE OF PIPE " PRESENT STANDARD COST,
| PER METER (NAIRA)
0.075 GALVANISED [RON | 282.52
- 0.100 GALVANISED IRON | 364.54 S
il 0.150 ASBESTOS CEMENT | 937.38 =
0.200 ASBESTOS CEMENT 1,101.43




51 NETWORK A
Tabie 5. 2 shows all the characteristics of the pipes within the network, The pipe label,

length, L (meters), imtial diameter, 1) {moters), initial assumed flow, ) (m's), Hazen - William's
eocllicient, Cew and nodes at beginning and ond of the pipes are shown. The crteria which determines
begmning or end of a pipe is the direction of pipe fow.

Table 5 3 shows all nodes within the network and their consumption requiremenis along with
the mummum service pressure head reqummements.

Pipes T, R, P, N, L, and K are all on the Critical Path

Table 54 gives the comections made to pipe flows from the mitial assumed fBow values of cach
pipe to the last itcration performed on the notwork, while Table 3.5 shows the modifications of pipe
diameter from the initial assumed pipe diameters to the last iteration along with the total pipe and
energy costs. Table 5.6 shows the actual pressure heads experienced at each node withm the network
and the pressure at the source node required fo ensure flow of water to every other node within the

network during cach iferafion procedure.
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TABLE 5.2

Pipe Characteristics and Initial Flows

PIPE | LENGTH, ! DIAMETER , | Cuw | NODE AT NODE AT | ASSUMED
LABEIL, L {m) [ D {m) BEGINNING END OF INITIAL
P [ OF PIPE, Pu PIPE, P. FLOW.()
{m' ! %)
A 315.00 | 0. 100 T 5 2 000050 |
B 220.00 0.100 140 5 4 000036
C 80,00 ih. 100 i 140 4 2 :| 000055
D 84,00 {0, 100 140 9 5 I 0. 00086
E 215.00 0, 1040 140 9 H . 0e2
F R LG 0,100 140 ] 4 B 00300
G 11500 | 0.100 140 12 9 0.00179
H 210.00 0.100 140 12 1 T nont12
1 120,00 0,100 14 11 8 il 0, 00304
B 75.00 0,100 140 16 12 000291
K 210.0 0 i, 100 140 16 15 01.01969
L 000 0.100 40 | 15 14 0.0 1596
M 3800 | 0.100 140 14 11 0. 00300
N 1000 | 0.100 140 14 13 0.01596
0 25000 | 0.100 | 140 13 7| 000050 |
P 185.00 | i 10 144 13 110 0, 00050
Q 70,00 T 140 T N '[_ TJFHW‘
R 175.00 0.100 140 10 6 | 00097
5 135.00 0,100 140 7 6 000100
T 8000 | 0,100 140 6 = 0.00197
L 310,00 0, 100 140 4 3 (00040
v S0.00 | ih. 100 140 1 3 0.00017
W 30500 l 0. 100 140 2 1 000073




TABLE 5.3

b1

Nodal Consumption and Minimum Service Pressure head Requirements

NODE, N |I NODAL CONSUMPTION,

MINIMUM SERVICE PRESSURE HEAD

| Qini/s) REQUIREMENT, hMmse (m)
1 ’I 0.00056 20.00
=% 0.00032 20.00 =
3 (L00254 20,00
1 0,00241 20,00
5 000000 20,00
6 (RUTTHV 20,00
7 . G000 20.00
8 000092 20,00
9 000000 20,00
10 000130 . wo0
11 000112 20.00
12 000000 20,00
13 0.01268 20,00
14 0.00000 2000
15 000072 = 000
16 -0.02259 (1.0




TABLE 54

|

NETWORK A : Correcled Flows

PIPE FLOW Q (nr /)

]
i
|
..... |
1
|

INTTIAL !! 1st CORRECTED | 20 CORRECTED
A B.00050 h.o0h43 000138
B 0.00036 0.00250 0.00187
C 0.DD0BSS b 00nds TRITITILE
. 0. EG 0294 00325
| 0.0z 0.00277 H'IJ'IL;;';
0.00300 0.00475 , 0.00386
'i 0.00179 0.00342 | 0.00417
H | 0.00112 | 0.00973 000497
I ' 0. (300 ' 00520 000387
J | 0.00291 0.01214 T o008z
K | 001969 0.01045 001446
L O1596 000972 001373
M 0.00300 0.00240 0.00553
N 0.01596 ! 0.01213 0.01270
0 0.00050 0,00283 0.00309
P 0.00050 0.00327 0.00358
Q 000050 000099 D.00024
" oannaT7 ih. 01 T 6 00204
T8 0.00100 000282 o 0.00234
T 0.00197 0.00185 _J 0.00242
B 000040 I 0.00440 [ 000266
v 0.00017 I n.00001 | 0.00116
W 0.00073 0.00171
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TABLE 5.5 NETWORK A : Pipe Diameter Modification
DIAMETER OF PIPE, D (m)
PIPE LABEL, P INITIAL VALUE | 1ST [TERATION | 2ND ITERATION

A 0.100 0.075 0.075
B 0.100 0.075 | 0075
L B, 1040 k075 0,075
D 0,100 0.075 0.075
E 0.100 Wi7s 075
F 0,100 0,100 0100
G 0. 100 075 0,075
H 0,100 00 0,100
1 0.100 T oam | 0.100
J 0. 100 0.100 0,100
K 0.100 0,150 0.200
L 0.100 0.150 0.200
M 0.100 0. 100 0. 100
N 0.200
- 0 0,100
P 0.150
0 0.075
R 0,100
s 0.100
T 0.100
u 0.100

v 13 0 100 )
W 4 0TS 0073

PIPE COS T 137384600 | 1,538,880:00
1,103,458:00 1,059,230:00

A443:00 i 2,477,305:00 }
) I i |




TABLE 3.6

i

NETWORK A : Actual Service Pressure heads

ACTUAL SERVICE PRESSURE HEADS, hysp (m)

NODE STARTING | 1st ITERATION | 2w ITERATION
CONDITION
T 35.15432 17.65531 27.27260
2 35.17848 28.45226 27.82231
3* 30.00000 30.00000 30.00000
4 35.15283 28.48795 | 2782864 |
5 3546811 2916012 2R.66182
[ 3005913 J0.09746 30.13534
7 30.17631 30.24728 30.27697
8 3527139 , 28.05854 28.68907
T ] 35.60721 29.84262 'l_ 29.47339 |
T 30.17718 30.25212 f 30.36533
11 31.51616 30.42510 3000536
12 35.87187 I 31.39368 30.50165
13 30.56915 30.71652 30.48430
14 33.20878 31.11561 30.58945
15 33.84660 31.28334 30.64474
16%= | 37.67548 32.25261 30.95987
» Reprosents e critical node *% Repseacnis tha sowee node
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5. NETWORK B
Table 5 7 shows all the characteristics of the pipes within the network. The pipe label,

length, L (meters), mital diameter, D (meters), initial assumed flow, Q@ (m3/s), Hazen - Wilham's
coefficient, Cyww and nodes at beginning and end of the pipes arc shown. The cnteria which determines
beginning or end ol a pipe is the direction of pipe fow.

Table 5.8 shows all nodes within the network and their consumption requirements along with
the minimum service pressure head requirements.

Pipes X, W, B,C.D.E, and ¥ are all on the Critical Path

Table 5. 9gives the corrections made 1o pipe flows from the initial assumed flow values of cach
pipe to the last iteration performed on the network, while Table 5.10shows the modifications of pipe
diameter from the initial assumed pipe diameters (o the last iteration along with the total pipe and
energy costs. Table 3.11 shows the aclual pressurs heads expenienced at cach node within the network

and the pressure at the source node required 1o ensure fow of waler 1o every other node within the

network during each iteration procedure.
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" TABLE 5.7 NETWORK B : Pipe Charzctleristics and Initial Flows
PIPE | LENGTH, | DIAMETER , | Cuw | NODE AT NODE AT | ASSUMED
LABEL, L {m} 13 {in} BEGINNING END OF PIPE
P . OF PIPE, Py PIPE, Pe | FLOW.0Q)
: : (m' 1 5)
A 90,00 o100 | 140 | 2| 1 000196
B | 12000 0,100 140 4 3| 0o0Rse |
i 9000 | 0100 141 = 4 0.00926 |
D 90,00 000 w0 | 6 | 5 _'I' 0.01007
E 104100 1, 100 146 7 6 L1139
Fo| 9500 i1, 100 140 ] 7 1.02226
G 445,00 0100 | 140 5 ] 12 0.00125
H W00 o | o140 | 3 3 000275
1| 23000 0100 | 140 | 3 i 13 000200
b | 180.00 i | 140 i 4 9 000030
K | 2200 0. 100 ‘ 1'.m_| 5 | 11 0.00027
L 260,00 0100 [ 140 | i 1 000060 |
M 390,00 0100 | 140 | 7 16 0.01020
N 8000 0,100 !| 140 1 17 0.00061
o 115.00 0100 140 14 13 01,00 100
P 1, ) 0. 100 140 | 9 14 000061
Q 1500 | {100 140 10 | 9 0.00031
R 90.00 | 0.100 140 1w | hounse
R 1000 0100 140 W 15 | o0z
T 110.00 0. 100 140 | T 15 0.00043
U 190,00 0. 100 !*. 1440 l| 15 14 :' 000075
v 420.00 o100 | 140 12 1% 0.00082
W TO.00 . 100 140 13 17 00300
X 105,00 0. 100 140 17 19 RTITRE 1
Y 12000 0. 100 140 16 18 5' 0, (M)




7, 415.00 0100 | 140 20 19 000070
AA 6000 0. 100 _‘"ﬂiis_~_ i 20 0.00682
BB 250,00 0. 100 140 | 20 21 000079
cC 680,00 0. 100 21 19 000030
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TABLE 5.8 NETWORK B : Nodal Consumption and Minimum Service Pressure head

Hequirements
NODE, N | NODAL CONSUMPTION, MINIMUM SERVICE PRESSURE HEAD
Q (m' 15} REQUIREMENT, hmse (m)

T (L00134 ! 20,00

1 0.00079 20,00

3 | 0,00375 20.00

T 0.00046 20,00

3 CLb0s2 2000 ]
6 | 0.00072 20.00

7 ' 0.00066 20,00

8 ! 002351 B i 0,00 _

9 ' 0. 00000 I 20.00

10 4|_'—muﬁnzﬁ_ .- 20.00

| 00000 | 20,00 ]
_11 | 0. 00042 20.00

13 I. 0, 00000 2100

14 B 0.00036 30.00

15 000000 20.00

16 0.00376 20.04)

17 'i 01L00023 20000

T 000060 20.00

19 j 0.00438 | 20.00

20 0.00533 20,00

21 p.00049 % ©20.00




TABLE 5.9 NETWORK B : Corrected Flows
' PIPE FLOW (' / 5)
|PIPE LABEL | INITIAL | 1st CORRECTED | 2Zxp CORRECTED | 3z CORRECTED
A 00 159G ! 0215 FA001T6 | BT e
B 0.00850 | 0.00579 0.00650 :I 0.00715
C 0.00926 0.00608 000666 '; 0.00757
D 0.01007 0.00694 0.00884 s
E 0.01139 0.01340 0.01289 0.01259
| F 0.02226 001686 0.01891 0.02071 |
L £ 000125 LRI T 00460 R
T H 0.00275 | 0.00294 : 0.00255 “o.o00191 |
1 000200 0 0He 000199 (00328
J o 0.00030 0.00017 0.00110 000136
K 000027 0.00033 0.00214 r, 0.00150
L 0.00060 | 0.00573 0.00332 ! 0.00276
M | 0.01020 LI 0.00279 g 0.00535 000744
N 0.00061 | "hjh'ijbhﬁ"_F_'ﬁfiii}'ﬂ'ﬂ 0.00022
0 0.00100 0.00338 . 0.00247 0.00151
= % 0.00061 | 0.00234 | 0.00157 0.00120
Q 0. 00031 BO0251 RITIN it 00125
R 000030 | 0.00244 0.00048 0.00050
5 0.00030 0.00328 0.00283 0.00226
T (L00045 0.00123 0.00153 ! 0.00152
U 0.00075 000140 | 0.00126 0.00067
v [ 0.00082 0.00622 | 0.00417 0.00237
W L D030 000248 I n.ooze7 L]
X T 0.00338 0.00305 'i 0.00285 000254
Y {00600 000092 BA0317 E 000528
7 0.00070 000715 0.00126 ! 0.00147




AA 0.00682 0. 00099 000735 0.00765

BB ] 0.00079 000715 0.00075 . 000085
| ]

cC 000030 0.00042 0.00026 0.00036




TABLE 5.10

' |

NETWORK B : Diameter Modification

DIAMETER OF PIPE , D (m)

PIPE LABEL INITIAL 18T Ii IND | 3RD
VALUE ITERATION | ITERATION l, ITERATION
A 0. 100 0. 100 0. 100 j 0. 100
B | 0,100 0. 150 0.200 0.200
c 000 | 0150 0.200 0.200
D 0.100 j 0,150 0.200 0.200
E IR base 0200 | 0.200
r . 100 . 150 200 0200
s 0. 100 . 1D . L0 i LI LT
H 0. 100 0. 100 0.100 | 0. 100
I 0, 100 - 0, 100y 01,150 0,150
1 0.100 " 0075 i.073 0,073
K 0,100 0.075 0.075 0.075
L . 100 0.100 0,100 . 100
M 0.100 0100 0.150 | 0.200
™ {100 | 0.075 0075 | 0.075
0 0100 ’ 0. 100 0.100 0. 100
P [ 0.100 0.075 0,075 0075
Q 0,100 | 0.075 0,075 0.075
R 0.100 0.075 0.075 0.075
s T b100 0100 0.100 i 100
k] 00,100 0075 | 0075 | 0078
U 01w | 0075 0075 | 0078
v o100 | o100 | 0100 | 000
W 00 0.10 0 0150 0,150
X 0, 100 0. 100 0,150 0. 150
Y 0,100 0. 100 0150 0150
Z | 0.100 0. 100 0.100 0,100




AA I Q. 100 '; . 160 150 {1,150
BR 0,100 ‘ 0.075 0075 | s
cc | 0.100 0100 |' 0100 0.100

PIPE COST (#) | 1,975,807:00 | 2,151,506:00 | 2,791,230:00 | 2,855,210:00

ENERGY COST (#) | 1,407,149:00 I 1,137,912:00 | 1,086,623:00 | 1,088,352:00
3.289,418:00 ]| 3,877,853:00 |




TABLE 5.11

3

METWORK B : Actual Service Pressure heads

ACTUAL SERVICE PRESSURE HEADS, hasp {im)

NODE | stARTING CORDITION | 1st ITERATION 'Ilr-m_lTEIULTIDN 3an ITERATION |
1| 3006780 30.27505 " 30.00082 3003989 |
7 3005552 | 3053712 30.02679 30.06143
3 3032972 30.46976 30,10529 30.13150 |
4 _ 3106310 3. 59569 S 14232 17369
5 II JL.G6510 3069446 | JLAT3T J0.207T78

I 32.43307 30.86145 II - 3021664 3025179
7 | 3531016 31.23432 30.30465 30.33695
a5* . 51557 ; 195454 J.51454 J0.56255
4 3L06146 | 3038679 - 19.83422 T29.90752
10 | 31.65844 2082482 2 |  29.72315 2988385
Tl 30.87474 30,29437 19.81429 19.96859
12 J6.00150 S0, 18038 :i 1980374 J0. 18849
13 30.28498 3. 274066 | 303698 30.03670
14 30.93868 30.18610 29.71195 29,85517
15 | 30.63971 L 30.11539 29.69674 29.88520
16 | 3470292 2917645 2977906 3016902
17 30, 19593 30.17276 30.01941 3001855
18 | 34.6THAS 28.93545 29.69342 3005494

197 30.00000 30.00000 30.00000  30.00000
0 yumn l 28.36597 |  29.60814 "19.9;'.339
21 34.08714 | 2822219 | 29.42883 29,78238

* Represents the sowrce node

** Represents the catical node
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54 NETWORK C
Table .12 shows all the charactenstics of the pipes withm the network, The pipe label,
length, L (meters), initial diameter. D (meters), initial assumed flow, Q (m%s), Hazen - William’s
coetTicient, Cww and nodes at begimung and end of the pipes are shown, The criteria which determines
beginming or end of 2 pipe & the dircction of pipe fow.

Table 5,13 shows all nodes within the network and their consumplion regquirements along with
the minimum service pressurs head reguirements.

Pipes .1 .1 ,11, and DD are all on the Crtical Path.

Table 5.14 erves the corrections made (o pipe Hows from the imtal assumed flow values of
cach pipe 1o the last iteration performed on the network, while Table 5,15 shows the moditications of
pipe diameter from the nitis] assumed pipe diameters to the last weration along with the total pipe and
energy costs, Table 5,16 shows the actual pressure heads experienced at each node within the network

wd the pressure al the source node required to ensure flow of water 1o every other node within the

network during each iteration procedure

TABLE 5.12 NETWORK C : Pipe Characteristics and Initial Flows
PIPE | LENGTH, |DIAMETER,| Cuw | NODEAT NODE AT | ASSUMED
LABEL, | L (m} D (m) l BEGINNING | END OF I PLIE
P OF PIPE, Py PIPE, P« | FLOW,Q
'i (nr [ 3)
A | 79500 | 0.075 140 2 1 000053
59500 | 0075 | 140 1 ' 3 - EXTT
| 13000 | 0078 'l"'un' — a4 | 3 0.00033 |
90.00 I 0.075 140 2 | 4 I 3.00197
3 15000 | 0075 a0 | 3 | 5 D006
70.00 0.075 | 140 | 6 5 000010 |
G | 290.00 0075 140 7 6 0.00020
H | 10000 0.075 | 140 4 7 0.00092
I 130.00 | 0.075 40 6 8 0.00016
1 200.00 | 0.075 =X 7 8 0.00072
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TABLE 5.13 NETWORK C : Nodal Consumption and Minimum Service Pressure head

Requirements
NODE, N | NODAL CONSUMPTION, | MINIMUM SERVICE PRESSURE HEAD
Q (m' 5} REQUIREMENT, hmsr (m)
E | 0.00042 20.00 o
2 ' -0.00231 20,00
3 000036 20,0
4 0.00072 [ 20,00
5 000016 :| 20,00
6 ) 000026 20.00 '
7 i, 000000 20,00
8 o.00056 | 20.00
TABLE 5.14 NETWORK C : Corrected Flows
PIPE FLOW {n /)
PIPE LABEL INITIAL 1st CORRECTED
A | 0.00053 B 000028
B L0000 1.00015
0.00032 00046
D 00197 e 0.00191
E 00006 I“"— T 000026
- F 0.00010 :_ a 000009 o
G 000020 | 000034 -
I 01.00093 0.00072
1 0.00016 0.00017 B
Y 0.00072 0.00038
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TABLE 5.15 NETWORK C : Diameter Modiflcation
| DIAMETER OF PIPE , D (m)
| PIPELABEL,P | INTTIAL VALUE | ISTITERATION |
A ' 0075 I B.0TS
B 0475 0.075
C 0.075 0.075
D 0075 XTI
E 0075 ! 075
¥ s T 0.075
G 0,075 pOTS
H (L0675 g0 |
I 0.075 r 0075
J ll.[i?l?'u | ﬂ.ll'i-'-:'ﬁ.___.
PIPE COST(#) | T48,678:00 | T64,261:00
| ENERGY COST@#) | 115,295:00 114,376:00

863,973:00 878,638:40
TABLE 5.16 NETWORK C : Actual Service Pressure heads
ACTUAL SERVICE PRESSURE HEADS, h e (m)
NODE STARTING CONDITION 15t ITERATION
i 1 3009657 29.97708
2+ 30.38101 30.13877
3 30.06205 | 30.00802
4 30.09254 | 30se76
3L . 3000000 L 3000000
11 3 30.00221 30.00310
i 7 - 3003961 | 30.04306 B
J 3 |- 3000728 3000883

* Represents the source node ## Represents the entical node



55 NETWORK D

Table 5.17 shows all the characleristics of the pipes within the network. The pipe label,
iength, L {meters), initial diameter, 1D (meters), initial assumed flow, Q@ (mYs), Hazen-William's
cocllicient, Cuw and nodes ai beginning and end of the pipes are shown. The criteria which determines
beginning or end of a pipe & the dircction of pipe tlow.

Table 5.18 shows all nodes within the network and their consumplion requirements along with
the munimum service pressure head requirements.

Pipaes 1, 1, and I are all on the Critical Path.

Table 5.19 gives the comections made to pipe flows from the imtial assumed How values of
each pipe to the last iteration performed on the network, while Table 5.20 shows the moditications of
pipe diameter from the imitial assumed pipe diameters to the last iteration along with the tolal pipe and
energy costs. Table 5.21 shows the actual pressure heads experienced ot each node within the network
and the pressure at the source node required to ensure flow of water to every other node within the

network durning each fteration procedurs.
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TABLE 5.17 NETWORK I : Pipe Charscteristics and Initial Flows
PIPE | LENGTH, | DIAMETER,| Cow | NODE AT | NODEAT | ASSUMED
LABEL, L (m) D (m) CBEGINNING = ENDOF | PIPE
P OFPIPE, Py | PIPE, P, | FLOW,Q
| (m' /5)
A 120.00 | 0.075 140 i 2 000384
B 50.00 | 0,075 | 140 2 3 000344
R 60.00 0.075 140 _ 3 4 0.00274
D 250.00 0075 | 140 1 :i_ 6 0.00793
[ E 3500 | 0075 140 1 ) 000040
r 27500 | 0,075 140 3 , 10 000070
= o 0075 | 140 | YT Y
T 23000 | 0075 140 6 | 8 T
i 140,00 T 0.075 | 140 | 6 lI 3 T honass
Jo | 380.00 : 0,675 40 3 | 7 000022
K 1000 | 0.075 140 '\ 7 000020
L 12000 I 0.075 140 9 s 000051
Al S, ) (075 144 10 9 | NS
N 60.00 { 0875 e L 1 w0 000030
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TABLE 518 NETWORK D : Nodal Consumption and Mintmum Service Pressure head

Reguirements
NODE, N | MNODAL CONSUMPTION, MINIMUM SERVICE PRESSURE HEAD
Q (a1 5) REQUIREMENT, hxse (m)
1 -0.01177 20,00
1 000000 20.00
3 0.00000 0 2000
4 0.00062 f, . 20,00 -
5 0.00435 o we |
& 0.00134 20,00
7 000042 20,00
8 0.00231 : .00
4 0.00019 . 20.00 o
10 00069 i 20.00 =
11 00181 | 20.00
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TABLE 5.19 NETWORK D : Corrected Flows
PIPE FLOW (/1)
| PIPE LABEL INITIAL is1 CORRECTED 2sn CORRECTED |
™ & 0001384 000584 000504
B 0.00344 0.00255 '. 0.00343
C 0.00274 0.00196 0.00151
D 0.00793 0.00593 0.00672
E | 0.00040 .' 0.00328 oootet |
¥ | 000070 0.00058 T Thaooion
G 00zl 0.00134 ! 000089
i TR 000186 0.00258
I 000458 0.00271 O D002Te
1 0.00022 : 0.00200 0.00217
I | 000020 ' 000166 - 0.00159
L | RIS 000251 a.00172
M 0.00031 000057 B.00145
N ' 0.00030 i 0.00046 . 000001
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TABLE 5.20 NETWORK D : Diameter Modification

DIAMETER OF PIPE, D (m)
PIPE LABEL, P INTTIAL VALUE 1sT ITERATION | 2np ITERATION
A ' 0.075 0.075 0.100
B 0.075 | 0.075 0.100
s 0075 I 0.075 | 0.075
b 0075 e u um 0150 |
E 0TS H UT’:I . ljl;g
F | 0.073 | 0.075 0.075
G 0.075 'i 0,075 0.075
I 0.075 | 0,075 0.100
I 0.075 0.100 0.150
J 0075 0.075 0.075
= - B | 0,075 0.075 0075
L. ‘ 0.075 0075 i 0.075
M 0,075 | 0.075 Ii 0.075
N . 0.075 'i 0,075 0.075
PIPE COST (#) I 737,377:00 \ 769,365:00 1,028,861:00
ENERGY COST (#) = 690,967:00 |  601,890:00  562,153:30

(oo | [




TABLE 5.21

i

NETWORIK 1D : Actual Service Pressure heads

I ACTUAL SERVICE PRESSURE HEADS, hygy (m)

NODE.N | STARTING CONDITION [ is1 ITERATION 20 ITERATION
T 38.76180 33.76475 31.53558
2, i 35.73993 31.45838 | 3109301
3 35.25038 30.61145 ‘ 3088713
4 35.04861 | 3048679 3068755
5 3143372 | 31.53145 31.18024
7 32.28702 31.75264 3120539
= 30.00000 S 30.00000 3000000
" 31.58750 1 3047544 30,65173
BN 32.48227 30.55482 3073149
10 © 35.15303 29.73392 30.36233
11 hE 3470109 30.32391  30.34552

* Represenis the source node

“* Represents the cntical node
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5.6 SUMMARY OF COSTS
A summary of the resulis of the four(4) networks optimised in the previous scction arc as
follows:

Tahle 5.22 NETWORK A: Summary of costs
TOTAL COSTS (Naira) Naira
OFTIMISATION PIPE ENERGY I(PIPE + SAVINGS | ADDITION
ENERGY) FROM TO TOTAL

TOTAL PREVIOUS
| PREVIOUS | COST

cosT
STARTING PROCESS | 1,282,452:00 | 1,288,991:00 | 2,571,443:00
IS8T PROCESS® LAT3.846:00 | 1,103,458:00 | 2.477.305:00 | 04, 138:00
2ND PROCESS 1,538,880:00 | 1,059,230:00 | 2,598,110:00 120,805:00

* Optimal arrangement of pipes

The network under the different pipe sizes in the three processes sabsly standard

engmeerng requirements of flow and headloss as dictated by the Kirchofl's first and sccond laws.

The network under the 15T process of optimisation i rccommended as the optmal
arrangement of pipes for Network A. It is noted that the arrangement of pipes in this siage resulls m
the least overall cost amongst the others, although the total sum of pipe costs exceed that of the
INITIAL arrangement. On the other hand, the Energy cost for this stage is least when compared to the
other two arrangements. It i therefore implied from the recommendation that both Galvanised ron
pipes of diameter 75mm and 100mm along with Asbestos cement pipes of diameter 150mm would be
wsed within the network.

The minmmum recommended pressure head expecied al the source node which will ensure
flow of water to all nodes within the network is 32.25 meters.



Table 5.23 NETWORK B: Summary of costs
TOTAL COSTS (Naira)
OPTIMISATION PIPE ENERGY
STARTING PROCESS | 1,975,807:00 | 1,407149:00 | -
15T PROCESS* 2,151,506:00 | 1,137,912:00 ' ﬁ.,-
| 2ND PROCESS 2,791,230:00/ 1,086,62 588,435:00
IRD PROCESS Lsss.zmmo[ 1,088,3. L 43,542:00
* Optimal e

For Metwork B, the four(4) difforent and 3RD) satisfy
laws.

The arrangement of pipe sizes in the 1ST It is the least
in Total cost as compared to the A close
look however shows that both the pipe an { as compared 1o
the others. It is recommended therefore L 100mm diameter
along with Ashestos cement gq:lﬂuf : m
distribution of water to all nodes in |

Table 5.24
. Naira
OPTIMISATION ¥, , ADDITION
; TO TOTAL
TOTAL = PREVIOUS
H COST
cosT
STARTING PR ]

1ST PROCESS L6 66340
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and headloss as dictated by the Kirchofls first and sccond laws.

The INTTIAL arrangement of pipe sizes above s recommended as the optimal design for
Netwaork C. The INTTIAL arrangement of pipes shoiws e ast Total gost amongst the two, although
the energy cost computed for the 15T process is less than that for the INTTIAL process, Galvamsed
won pipes of 73mm diameter alone will be used n this distribution network.

The munimum required pressure head expected at the source node that would ensure the How
of water to all nodes within the network is 30,30 meters.

Table 5.25 NETWORK I¥: Summary of costs
I TOTAL COSTS (Naira) Naira
OPTIMISATION | FIPE ENERGY E(PIPE + | SAVINGS ADDITION
ENERGY) St st

TOTAL PREVIOLH

PREVIOUS COsT
COST

STARTING T37377:00 | 690.967:00 | 1,428,345:00 I

PROCESS
1ST PROCESS* 769,365:00 | 601.890:00 | 1.371.256:00 | 57.089:00

2ND PROCESS LOZY.861:00 | 562,153:30 | 1,591.015:00
* Optimal arrangement of pipes

19,758

el

The three arrangements of pipe sizes above satisfy standard engincening requirement
of flow and headloss as dictated by the Kirchoff s first and second laws.

The 15T arrangement of pipe sizes s recommended as the optimal design. This process ha
the least Total cost amongst the three processes, although the pipe and energy costs are not least whe
compared with the others. Gahanised Iron pipes of 75mm and 100mm diameier alone
recommended for used in this network.

The minimum required pressure head expected at the source node which would ensure i
flow of water 1o all parts of the network through all the nodes s 33.76 meters.
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57 THE OVERALL COST OF DISTRIBUTION SYSTEM
A total sum of the four networks of different pipe arrangements oplimised and recommended in

the tables above 15 summansed belows:

Table 5.26 Overall cost of distribution system
TOTAL COSTS(Naira)
~ PIPE | ENERGY Y(PIPE + ENERGY)

NETWORK A 1,373,846:00 ! 1,103,458:00 2.477,305:00
| NETWORK B 2,151,506:00 1,137,912:00 3,289,418:00
NETWORK C 748,678:00 115,295:00 §63,973:00
NETWORK D | 769,365:00 601,890:00 1,371,256:00
5 (#) 5,043,395:00 2,958,555:00 8,001,952:00

A sum of about Eight million, one thousand, nine hundred and fifty-two naira
{ WNE,001,952:00) is therefore needed in erder to install an effective distnbution svsiem of [our

networks within Tjapo estate for a design period of hwenty - five years.

58 THE COMPUTER MODEL

The FORTRANT? propramming language is used to run the model formulated because of it's
universality and preference to all others, while the WATFOR Compiler was used (o wrile and debug
the model.

3 files (1 output and 2 mput) are utilised within the program. They are opened simultancously
as the program is being run. The input files contain the bulk of the input data necessary for
computation whercas, the output file collects all the results needed by the designer. This reduces (he
running fime of the program and helps 10 avoid the tedious effort of entering data cach time it 15

requested by the program.



CHAPTER 6
RECOMMENDATIONS AND CONCLUSIONS

6.1 RECOMMENDATIONS

6.1.1 OFTIMAL DESIGN APPLICATION

The pipes within the three networks presently on ground are made of cither Asbestos cement
{AC) or Unplasticized Polyvinyl Chlonde (FVC) and arc all of 100mm diameter. In the north - western
section of the cslale, opposite the estate's primary and high school, it is reported that most of
the PVC pipes laid there have collapsed. Within the estate also, several other distribution pipes have
cither been dug - up or broken due 10 one reason or another. Therefore, replacement of all the pipes
laid within the estate with the proposed optimal pipe arrangements in seclion 5.6 above, becomes a

viable option that, should be implemented as carly as possible for maximum benefit.
6.1.2 THE SERVICE STORAGE SYSTEM

An overhead slorage fank 8 recommended at locations % (L3) and 6 (L6) (Figure®-1), Each
overhead tank & expected (o contain 2 volume of al least 75 cubic meters. A circular shaped tank s
geometrically the most economical shape. It consumes a lesser quaniity of construction matenals, and
discourages leakage when placed in comparison with other shapes for a given volume and depth,
Therefore, two conical shaped overhead storage tanks of reinforced concrete matenal are
recommended. The depth of the frustum should be between 2.50 - 3.50 meters, with a base and top
diameter of 3 and 5 meters respectively. The height of the bottom of the frustum of both overhead
tanks above ground level should be at lsast 15 meters.

Crverhead tank A at location § is expected to supply water directly to Networks C and I3 only.
While overhead tank B at location 6 will sepply water directly to Networks A and B only, Overhead
fank B at location 6 1 situated within the property of the College of Agriculture adjacent to the castem
section of the estate along the Oba - Adesida/Ado - EXiti road. It is found to be the best location for an
overhead tank which will supply water o Networks A and B considening the required mimimum
pressure heads.
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A surface storage tank of at least 1000 m capacity is recommended at location 7 which s
situated within the area occupied by the shopping cenfer, The swrface storage tank wall supply water to
both overhead tanks A and B,

Ideally, it i expected to contain 2t least the total daily water consumption of the community
which it services. This volume would ensure a balance to the fluctuating demand from the distnbution
system against the output from the source, and would also act as a sateguard for the continuance of the
supply of water should there be any breakdown at the source or on the main trunk pipelines. Supply of
water from the conjunctive source is expected to be continuous. A surface storage tank expected to
contain a volume of 7000m" for a small community as Hapo estate, is unfeasible. The space it is
expecled to occupy will be almost an entire plot, and the cost would be too high for the inhabitanis to
bear, Therefore, a storage volume of not less than 1,000m” is recommended for short-time
emergencies. The surface storage tank should be constructed of reinforced concrete matenal.

6.1.3 THE WATER SUPPLY SYSTEM

For the prowision of adequate potable water to consumers within Tjapo estate, four potential
sources of water have been identified (Section 3.2.4). They are, {a) imporied water (2 in number)
(b¥Groundwater, (c) Ramwater Harvesting, and (d) Surface water (Osist stream).

The present sources of imported water (Owena waler supply scheme and the College of
Agriculture mim - water supply scheme), have become inadequate to cater for the water demands of
the consumers within the estate. Therelore a conjunctive water supply scheme is proposed.

(Dis181 siream, a non-perennial stream within the estate is not recommended as one of the sources
m the conpunciive supply system. It's development would require the construction of a dam - reservoir
syslem or a weir across. The proximity to public, commercial and residential infrastructures, makes it
inadvisable, Heavy rains may causs flooding, and this may become potentially dangerous to its
surroundings and the inhabitants, In addition 1o a weir or small dam, there would also be the need to
construct storage and weatment facilities. The overall cost for the development of this source per
household will be loo high [or the inhabitanis of the estate.

Rainwater harvesting which is alse a good source of potable water is pot recommended as part
of the conjunctive supply svstem. Although quite a large volume of water may be collected from this
source, the facilities for collection, resiment and storage are presently not on ground. The cost of

constructing this facilities per household will also be too high for the inhabitants of the esiate 1o cary,
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The proposed conjunctive water supply system within [japo estate, therefore compriscs
wnporied sources of water and groundwater through four (4 ) boreholes. The four borcholes proposed
will complement the proposed imported water supply sources.

It 15 recommended that the mini-water supply scheme at the College of Agriculture be
expanded. This would require the following:

= Increasing the present capacity af the two existing reservoirs by the construction of bigger

slorage [acilities,

- Purchasing bigger pumps to handle the large volume of water and pressures demanded by the

cetate’s population and the other two major consumers,

- Construching a igger dam within the vicinity of the scheme and possibly dredoing

the two existing dams within the college premises, and

= Expanding the treatment factlities .

Presently, the scheme pumps about 300 m” and distributes the larger portion of it 10 the college
population. An expansion of this scheme would benelit the estate considerably,

Presenily, the Owena dam water supply scheme along the Ondo/Akure road supplics the largest
quantity of water (18 million litres) to Akure city, There is the need to improve the Owena dam water
supply scheme. The faciliies of the scheme for supply and major distribution along both the
Ondo/Akure road and the Desha/ Akure rosd should be expanded to increase the overall supply to
Akure Metropolis, and the estate in particular. The second phase of the Owena dam project presently
being developed should be encouraged and completed on time. All imported sources of water into the
estate from inlet points X and Y (Fig. 10} are channelled into the surface storage tank at location 7.

The four boreholes proposed are meant 1o complement the imported sources proposed above al
occasions when water supplied from the imporied source is less than the demand, or when flow is
stopped for one reason or another, Borehole 1 should be constiucted somewhere around plot 455/456,
Block XXXV (location 1) at the northem section of the estate. As shown in Figure [0, Borehole 2
should be constructed around plot 558 (location 2) at the castern section of the estate. Borchole 3
should be constructed around plot 16, Block X (location 3) at the south-eastern scction of the estale,
and Borehole 4 should be constructed within the area enclosed by the shopping center (location 4) at
the center of the estate, Boreholes 1 and 2 would supply water directly to both the overhead tank A at
location 5 and the surface storage tank at location 7. Boreholes 3 and 4 would supply water to both
overhead tanks A and B through the surface storage tank at location 7.
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A regional evaluation of Akure Metropolis by Akintunde (1996) affirms that ljapo cstate lics
withim the High Groundwater Potential Zone.Using Akintunde’s classificabon. it 5 expecied that a
tvpical vield from a borehole within that area would be greater than 11.52 m/hour (confirmed vield
from a borehole within the F.U.T.A, premises. FUT.A is situated within the Medium Groundwater
Potential Zone). Pumping for at least 15 hours a day from that borehole will produce a volume of about
173m”*. It is expected that a carefully constructed borehole at any of the recommended locations within
liapo estate at a depth of not less than 100 meters will produce a yield of at least 250m"/day. Four
boreholes pumping for 15 hours a day will then produce at least 1,000m"/day. The proposed total cost
of NE001.952:00 summansed in sechion 5.7 excludes the cost for both the construction of the four
borcholes and the cost of energy needed to pump water from these boreholes.

Potable water pumped into overhead tanks A and B are released into the four Networks (A, B,

C, and I2) by gravity.

6.2 FURTHER WORK

The optimisation procedure proposed in this thesis is constrained to simple, single-source water
distribuiion systems with fixed water supply and nodal consumptions, An obvious extension of this
procedure will be to develop a model which will accommodate multi-source distrbution svstems with
variable flow rates at both the supply and consumption nodes while still mamntaning the minimum
SETVICE PIessurc requirements.

63 CONCLUSIONS

A model which optimiscs a simple, conjunctive - source, looped, gravity fed distnibubion system
was designed and applied to the cxisting distnbution system within Ljapo estate, Akure cty, Nigena
The model comprses of two major sieps. The first siep involves the balancing and correction of flows
using the Hardy Cross method, while the second step optimises the distnbution network by revohang
cach pipe diameter around one of three decisions which are, reducing fo the next smaller available pipe
diameter, leaving the diameter unchanged, or increasing o the next larger available pipe diameter.
Dhiscrete pipe diameters ars used, and the enbire process is ierative uniil no further cost improvement s
ascertamed.

Ljapo estate’s present distnbution system of three networks of 64 pipes 15 replaced by an optimal
distribution system of four networks which comprises 76 pipes, made of both Galvamised Tron papes of
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75mm and 100mm diameter and Asbestos Cement pipes of 150mm and 200mm diameter. The mital
total pipe and energy costs for the four proposed distribution networks within the estate are
N4, 744,314:00 and N3, 502.402:00 respectively, a total sum of N8 246,716:00. The optimal system of
four networks gives total pipe and energy costs as N5, 043,395:00 and N2,958,535:00 respectively, or a
sum of NE001,930:00. The model therefore achieved a reduction of between 2 - 15% from the total
mitial pipe and cnerey costs of each of the tour proposed distnbution networks. For larger and more
complex networks however, savings in costs of both pipe and energy will be particularly significant.
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APPENDIX A
Figure Al: Summary of Main Program
This flowchart represents a detailed summary of all the operations within the
optimisation model. The computer model is broken into eigth (8) subroutines,
cach representing a major operation. The details of each operation is shown in

the subsequent flowcharts.
| START |
= .
|_ Call IHFCIRM

| T |
| Call REDATA |

- e
| | EFRER

I Call HARDY

¥

Write values of all
loop Headlosses

v
Is

loop's
Hf>0.5

S e
— ¥ Mo
! Call PRLOSS |
' T E——
| Call ACSRPR |

: W
Call SPPIPR

| .
Call PIPMOD
. —
| Call FINRST |
v

Yes I:I‘-'Zl.l‘l_linl.{E. .
— 44— Optimization

Yes

LEGEND

'!NF{JEM = Information Subsoutine
|REDATA = Read Data Subrouring

HARDY = Hardy Cross Subroutine
Y HE = Susstarion of all Headlosses
withils loop
F'Ri.'DSE Pipe Pressure Head Loss Subrouting
SF'PJPR Surplis Pipe Pressure Head
' Subroutinve
| FIPMOD = Pips Moditicarion Subroutine
| ACSRPR = Actual Sesvice Pressure Head
Suhaourine

; FINRST = Final Resulr Subsouring



Figure A2: Information Subroutine

In this subroutine, the quantities of all the various data to be processed (e.g.
number of pipes), along with the names of the output and input files are

requested.

INFORM

= .

[nput name of Input File 1

/ Input name of Input File 2

*__Input name of Quiput File
¥

Input NNP
v
Input NL

_ k4
- Input NNODE
v
[nput NSP

¥
Input Ex

. .
Input S

— ¥ =
Input Cn

¥
Input NPCP

— -

LECEND
| NINP = numbex of Pipes in Meswork
| NL = Number of loops in Nerwnek
MMODE = Mumbor of Modes in Nervork
MNSP = Number of available commircial pipes

Ex = Enrrgy cosr aver an x vear period
5 = Sounce Mode

| NPCP = Total sumber of pipes on The

Critical Parls
Cru= Critical node



Figure A3: Read data Subroutine

This subroutine requests the details of all the data given in the Information
subroutine, and transfers some of these details from the system's temporary

memory to the output file.
| Redamta |
_E——_..
[ I=L.NNP |
o i a—1=I%]
Rm:]. i
| D, Q, Caw, Py, Pe |
L ™ o ipardler | |
¥
N
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s
¥ VYes
[K=1..NsP —
. =% — = _-__I_ I
Read 8D, SC from Input File 2 -
v | wcenn
— - | [Pc = Pipe label
REmMNEP S 'L = Length ol Pipe
| D = Dlametes of Pipe
= '_ Yes I = FII}'E Flew
=1.NNODE | Hw = Hazen William's coefficions
R ¥—1N=H’r [ Py = Node at Pipe becinning
R — - ?:- Mode ar Pipe end
Node, Nc, huse, , | = Pipe counten
from Input File1 | = Nodks covmmes

Sl} = Available Starndaed
commerclal dismeren

Sc = Standand cost of Pipe

: M [
s N=NNODE _ — N = Node Coxsumpilon
e J-lm.P Mode Misiaum
o Ver.. Semvice Pressune head
i =

T I K = Standard commercial pipe counter




Figure A4: Hardy Cross Subroutine
The Hardy Cross iterative procedure for correcting and balancing
headlosses and flows around loops is shown in this flowchart.
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LEGEND

[ W= Loop COuNTER

| 1= Pipe in loop

| NPL = Nusber ol pipes ox loop I

| ¥ = Summation
Hi = Headloss in pipe

| Z = Direction of flow of wates in pipe
a0 = Headloss corkectlon factor



Figure AS5: Pressure Loss Subroutine

This subroutine computes the pressure head losses for all the pipes
within the network for initial diameter, D, next smaller available
diameter, D-1, and the next larger available diameter,D+1.
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Figure A6: Actual Service Pressure Head Subroutine
This subroutine calculates the actual service pressure head at all nodes

within the distribution network beginning from the critical to source
node.
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Figure A7: Surplus Pipe Pressure Subroutine
Pipes on the critical link are assigned a valug of zero surplus pipe
pressure head, while surplus pipe pressure head for pipes on the
non-critical links are calculated for diameters D, D-1, and D+1.
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Figure ASR: Pipe Modification Subroutine
Marginal energy and pipe costs for each pipe are calculated. The

process then recommends and modifies pipe diameters towards an

optimal solution.
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Figure A9: Final Result Subroutine
The Final Result subroutine displays the values of total pipe and
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APPENDIX B

o e e e e e o e e e e R e R e B o ol oo o e e e e e

" SUMMARY OF MAIN PROGRAM THAT INCORPORATES BOTH THE *
A HARDY CROSS METHOD AND THE PIPE MODIFICATION .
A ALGORITHM .
dedededh Rl dh b A Rk Bk e e B AR e R o o e A e e ok o o
FROGRAM PIPE
CHARACTER PC*2 LPC*2 LP3*2 PCP*2,CDEC*25, RDEC*25,IREP*1,
+ ANS*1 REPLY*1,CDER*1, RDER*] INFILE*10,0UFILE*10,
+ PIPCOM™10
INTEGER PE.FB,CHN
REAL LPF,LHF, LHFQ,LDQ,NC,NMSP,MECC,MECR
DIMENSION PC{100),PL{100}, PD{100),PQ(1 00), PCHWI(1 00), LPC(100),
+ LPS(100), LPSS(100), LHF(100),LPF(100),SLHF(100), LHFQ{100),
+ SLHFQ(100),LDQ(100),PB(100),PE(100),SD(100),SC(100), NODE(100),
+ NC(100), NMSP(100),PPL{100), ASP(100),5PN(100),PCC{100),
+ PDMI1(100),PDP1(100),PPLMI1(100),PPLP1(100), CPP(100),RPP(100),
+ SPP(100), ACPP(100), ARPP(100),CPCC(100),RPCC{100),MECC(100},
+ PCS(100), MECR(100},PCA(100),PCPN(100),PCP(100),CDEC(100),
+ RDEC(100)
C CALL INFORMATION SUBROUTINE
CALL INFORM(INFILE, PIPCOM, OUFILE, NNP,NL,NSP,E25,18N,CN, NPCP,
+ NNODE)
OPEN{UNIT = 1, FILE = INFILE, ACCESS = 'SEQUENTIAL"
QPEN(UNIT = 2, FILE = QUFILE, ACCESS = 'SEQUENTIAL")
OPEN(UNIT = 3, FILE = PIPCOM, ACCESS = 'SEQUENTIAL")
C CALL THE READ DATA SUBROUTINE:
CALL REDATA(NNP,NSP,NNODE, PC,PL.PD; P, PCHW,PB,PE,
+ 8D,SC,NODE,NC,NMSP)
C CALL THE HARDY CROSS SUBROUTINE:
3 CALL HARDY(NL,NLP,NNP,LHF  PQ,PC, PL PCHW PD,SLHF)
DO1000=1MNL
WRITE(™,*YSUM OF PIPE HEADLOSS FOR LOOP' 11,18, SLHF (II)
, 100 CONTINUE
WRITE(*,*)TF THE SUMMATION OF PIPE HEADLOSSES IN ANY LOOP'
WRITE(*,*)IS GREATER THAN 0.5, THAT PARTICULAR LOOP IS NOT'
WRITE(™, ™) BALANCED, KINDLY RETURN TO LOCP 1 TO'
WRITE(™,™) CORRECT ALL THE LOOPS AGAIN'
WRITE® *Y WOULD YOU LIKE TO RETURN BACK FOR CORRECTION ¥
WERITE(™,*) TYPE Y FOR YES AND N FOR NO'
READ{® TAY) REPLY
IF(REPLY EQY)Y GO TO 3
C CALL THE PRESSURE LOSS SUBROUTINE:
CALL PRLOSS{NNP,NSP,PD,SD,PPL,PQ,PL,PCHW,CFP,RPP,PC,NC,
+ PDF1,PDM]1)



C CALL THE ACTUAL SERVICE PRESSURE SUBROUTINE:
CALL ACSRPR(NNODE NODE, NNP, ASP,CN, NMSP,PE,PB,FPL, PC, NC)
C CALL THE SURPLUS PIPE PRESSURE HEAD SUBROUTINE:
CALL SPPIPR(NNODE, NNP,NPCP, ASP,NMSP,PE.PC 5PP,
4 SPN,CPP,RPP,ACPP, ARFP)
C CALL THE PIPE MODIFICATION SUBRROUTINE.:
CALL PIPMOD(NNP, NSP,E25,ASP,PD,PL.PDP1,3D,3C,
+ MECC, ACPP,ARPP PC NC,ISN, TEC25, TPCC,TC)
C CALL THE FINAL RESULT SUBROUTINE:
CALL FINRST(TPCC,TEC25,TC)
WRITE™,*YWOULD YOU LIKE TO OPTIMISE YOUR ENTIRE NETWORL'
WRITE™,™ AGAIN 7
WRITE(™, ™) PRESS Y FOR YES AND N FOR NO'
READ{™'(A)) ANS
F(ANS.EQ.Y) GO TO 3
WRITE(™,*)' THIS IS THE END OF THE OPTIMIZATION PROCESS.
WEITE(™ ™) SHALOM '
STOP
END

Y
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* THIS ENDS THE SUMMARY OF THE MAIN PROGRAM
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SEEEELEEEESLGESEEEELELEESEL&LEELEELELELEEELE&&EL
& THIS 18 THE INFORMATION SUBROUTINE &
& INFORMATION REQUESTED ARE: NAMES OF INPLUT AND &
& OUTPUT FILES; NUMBER OF PIFPES, LOOFS, STANDARD &
& AVAILABLE COMMERCIAL PIPES, CRITICAL PIPES, & NODES; &
& SOURCE AND CRITICAL NODES AND ENERGY COST FOR 25YRS &
SELEEELELELEEEREELEEELELLEEEEEELELELELELLELEGE&L

SUBROUTINE INFORM(INFILE, PIPCOM, OUFILE, NNP,NL,NSP,E25,
+ ISN,CN,NPCP,NNODE)

INTEGER CN

CHARACTER INFILE*10,0UFILE*10,PIPCOM*10

WRITE(*,10)

WRITE(*,10)

WRITE(*10)

WRITE(*,10)

WRITE(*,*) 'ENTER INPUT FILE WITH PIPE CHARACTERISTICS '
READ(*'(A)) INFILE

WRITE(*,10)

WRITE(*,10)

WRITE(* *) 'ENTER INPUT FILE WITH COMMERCIAL PIPES '
READ(* {A)) PIPCOM

WRITE(*,10)

WRITE(*,10)

WRITE(*,*) 'ENTER OUTPUT FILE '

READ(* '(A)) OUFILE

WRITE(*,10)

WRITE(*,10)

WRITE(*,*)HOW MANY PIPES IN THE NETWORK'
READ(* *) NNP

WRITE(™,10)

WRITE{*,10)

WRITE(*,*)/HOW MANY LOOPS IN THE NETWORK'
READ(*, *)NL

WRITE(*,10)

WRITE(*,10)

WRITE(* *)' INPUT THE NUMBER OF NODES'
READ(*,*) NNODE

WRITE(,10)

WRITE(®,10)

WRITE(*,*)INPUT THE NUMBER OF STANDARD PIPES'
READ(* *) NSP

WRITE(*,10)

WRITE(*,10)



WRITE(*,*YINPUT ENERGY COST OVER 25 YEAR PERIOD’
READ(*,*) E25
WRITE(*,10)
WRITE(*,10)
WRITE(*,*YWHAT IS THE SOURCE NODE 7"
READ(* *) ISH
WRITE(*,10)
WRITE(™,10)
WRITE(* *YWHAT IS THE CRITICAL NODE %'
READ(™,*) CN
WRITE(™,10)
WRITE(*,10)
WRITE(*,*) 'HOW MANY PIPES ARE ALONG THE CRITICAL PATH'
READ(*,*) NPCP
10 FORMAT(//, " /i
RETURN
END

EEESESEEESEEEEEEEELEEEEZEELELEELELEELELELLEEEELELESE &&
& THIS IS THE READ DATA SUBROUTINE &
EEEEEELELEELESEEEELEEEEEEEEEZEEESEEEEEESEEL&EEL

SUBROUTINE REDATA(NNP, NSP,NNODE PC,PL.PD,PQ ,FCHW,PB,PE,
+  8D,5C,NODE,NC,NMSPF)

CHARACTER PC*2
REAL NC,NMSP
INTEGER PB.PE
DIMENSION PC(100),PL{100),PD(100),PQ(100), PCHW(100),
+  PB(100),PE(100), S8D(100),5C(100), NODE(100),NC(100),
+  NMSP(100)
DO 2 I=1,NNP
READ(L,'(A))PC(D)
READ(1,*) L), PD(D), PQ@),PCHW(I), FB{),PE(D
WRITE(*,10)PC(T), PL(D), PD{),PQ(D), PCHW(T), PE(D), PE(D)
' READ FROM INPUT FILE 1, PIPE LABELS, LENGHTS, DIAMETERS,
' FLOWS, HAZEN WILLIAM'S COEFFICIENT, NODES AT PIPE BEGINNING,

» AND ENDING.

2 CONTINUE
WRITE(Z,*Y -
WRITE 2, =) TARLE )
WRITE(2,™) —

WRITE(Z,*Y5TAND, DIAMETER | STAND. COST IN NAIRA'



WRITE(2,*)' '
DO 8 K = 1,NSP
READ(3,%) SD(K),SC(K)
WRITE(2,40) SD(K),5C(K)
C READ FROM INPUT FILE 2, STANDARD PIPE DIAMETERS AND THIER
C COSTS AND COPY THEM TO THE OUTPUT FILE
8 CONTINUE
WRITE(2,*) g
WRITE(2,*) *
WRITE(2,*) TABLE 2 '
WRITE(2,*) !
WRITE(2,*) NODE | CONSUMPTION | MIN.SERVICE.PRESS'
WRITE(2,*Y '
DO 9 N = 1, NNODE
READ(1,*) NODE(N), NC(N), NMSP(N)
WRITE(2,30) NODEQ¥), NC(N), NMSP(N)
C READ FROM INPUT FILE | NODE LABELS, CONSUMPTIONS & MINIMUM
C SERVICE PRESSURES AND COPY THEM TO THE OUPUT FILE.
9 CONTINUE

WRITE(2,*) -
10 FORMAT(1X,A2,3X,2(], 1XF6.2,1X),[\F13.8,],
+ 1X,F6.2,2X,2(],2.13,1X0)

30 FORMAT(QXIZ, 5K, X F10.6,1 X ,6X,F6.3)
40 FORMATX F7.3,7X7,8XF12.3)

RETURN

END

EEEEEEEELEELEELELEELEEGELELEEELLELELEEEEEEEEEEELLALLEER
& THIS IS THE HARDY CROSS SUBROUTINE &
SEEEELEAELEELEEEELELEEELELEEEEEELEELEEEEELERR

SUBROUTINE HARDY(NL,NLP,NNP,LHF,PQ, PC,PL, PCHW,PD,SLHF)

CHARACTER LPS*2,PC*2,LPC*2

REAL SLHF,SLHFQ,LPF,LHFQ,LDQ

REAL LHF

DIMENSION LHF(100),PQ(100),LPS(1 00),SLHF(100), SLHFQ(100),
+ LPC(100),LPF(100),LHFQ(100),LDQ(100),PC(100),

+  PL(100),PCHW(100),PD{100)

93 CONTINUE
C THE HARDY CROSS PROCESS FOR EACH LOOP WITHIN THE NETWORK
WRITE(2,*) TABLE3 '

'W'R:[TE{E.' I:Ji e !



DO3M=1,NL
WRITE(2,*)
WRITE(2,*) RESULT OF LOOP',II
WRITE(2,*) -
WRITE(*,11)
WRITE(*,11)
WRITE(*,*YHOW MANY PIPES IN LOOP' I
READ(*,~) NLF
SLHF(Il) = 0.0
SLHFQ(IN) = 0.0
WRITE(2*YPIPE | HF | HF/Q *
WRITE(2,*) :
DO 4 J=1,NLP
WRITE(™,11)
WRITE(*,11)
WRITE(*,*YWRITE LABEL OF PIPE 'J, TH LOOF'I
READ(™,{A)) LPC(J)
WRITE(*,11)
WRITE{*,11)
WRITE(*,*YINPUT THE DIRECTION OF PIPE',J,'IN LOOP',II
WRITE(**)' (P for (+) and N for (-) ¥
READ(™ '(AY)LPS(T)
IF( LPS(J).NE.'NNGO TO 21
LPF(J)=-1.0
21 IF( LPS(J).NE."P)GO TO 22
LFF(Iy=1.0
22 DO 51=1,NNP
IF{ LPC{J).NE.PC(T) ) GO TO 5
WRITEXM™ ™) PO
LHF(D) = (10.T*PLO*PQM**1 . 852)/(((PCHW{T**1.852) *
+FPDI)™*4.87))
LHF(J) = LPF(J) ™ LHF(J)
LHFQ(I) = ABS(LHF(JYPQ(I)
WRITE(2,20) LPC(N,LHF(J). LHFQ(J)
SLHF(IT) = SLHF(II) + LHF(J)
SLHFQ(II} = SLHFQ(I) + LHFQ(J)
5 CONTINUE
4 CONTINUE
WRITE(2,*)" .
> CALCULATION OF THE LOOP CORRECTION FACTOR AND CORRECTION
> OF EACH PIPE FLOW
WRITE(2,*Y (a). SUM OF HF =,SLHF(I)
WRITE(2,*) (b). SUM OF HF/Q =, SLHFQ(II)
LDQ(I) = -1 .0*SLHF(ID/(1.852*SLHFQ(I))
WRITE(2,*Y (c). CORRECTION, DQ =, LDQ(I)




WERITE(2,*Y '
WRITE(2,*) ~ CORRECTION TO PIPES AFTER ITERATION '
WRITE(Z,*)'
WERITE(2,)PIPE |LENG. {m}]DIAM {m)] r-mwws} | CHW
WRITE(2,*Y
DO 6 J=1,NLP
DO 71=1NNP
IF{ LPC().NEPC(I} ) GO TO 7
PQM= LPF(N)*PQ(I) + LDQ(I)
WRITE(2,10) PC(I),PL(D),PD{D),PQD),PCHW()
PQ@ = ABS(PQ(I))
7 CONTINUE
6 CONTINUE
WRITE(2,*y
3 CONTINUE
10 FORMAT(1X A2,3X,2(],1X,F6.2,1X),1,F13.8,,
+ 1XF6.2,2X,2(],2X.13,13))
20 FORMAT(32 A2, 23 " 1 X F15.8,1X 1, 1% F15.8) '
11 FORMAT(//, "Jih =
RETURN
END
L]

EEEEEEEEELEEEHEEEEEEEEEEEEEEEEEEEEEEEEELEE&E&&S
& THIS IS THE PRESSURE LOSS SUBROUTINE &
SEEEEEEEEEEHEEEEEEEEEEEEEEEEEEEEEEEEEEELKLEELEAL

SUBROUTINE PRLOSS(NNP,NSP,FD,SD,PPL, PQ,PL . PCHW,CPP,RFP,PC,
+ NC,PDP1,PDM]1)

CHARACTER PC*2
REAL NC
DIMENSION PD(100),SD(100),PDM1(100),PDP1(100),PPL(100),
+  PQ(100),PL(100),PCHW(100),PPLM1(1 00),PPLP1(100),
+  CPP(100),RPP(100),NC(100),PC(100)
C ASSIGN TO EACH PIPE THE NEXT AVAILABLE SMALLER(D-1) AND
C LARGER(D+1)DIAMETER
WRITE(2, ™)' '
WRITE(2,*) TABLE 4 '
WRITE(2,™) ;
WRITE(2,*YREDUCED DIAM EAE‘_.“TUP.L DIAM.| INCREASED DIAM'
WRITE(2,*)'
DO 351 =1,NNP
WRITE(2,90) PDM1(D),PD(D),PDP1(D)




35 CONTINUE
WRITE(2,%) !

C CALCULATE PRESSURE LOSSES FOR ALL PIPES, GIVEN DIAMETER D,

C D-1 & D+l
WRITE(2,*)'
WRITE2, ™)' TABLE 5 '
“mﬂ'*}r — [
WRITE(2,*) PIPE [PRESSURE LOSS|IPRESSURE LOSS|PRESSURE LOSS'
WRITE(Z,™) | @& | & | D) !
WRITE(2,*
DO 11 I=1,NNP
DO 31 I8 = 1,NSP
TF(PD(D). NE.SD{ISNGO TO 31
PDMI1(D) = SDQS-1)
PDP1({T) = SD({S+1)

31 CONTINUE
PPLD=((PQD*PL)™™.54)/(, 27 7*PCHW(D)*PD(T)**2.63))**1,8519
PELM1(D=((PQ(D*PL{I)*=.54)/(.27 7*PCHW(D*PDM1({D**2.63))**1.8519
PPLP1(D=((PQ(*PL(I)™* 54)/(.277*PCHW(D)*PDP1(I)**2.63))**1 8519
CPP{T) = PPLMI(]) - PPL(T)
RPP(T) = PPL(T) - PPLP1(T)
WRITE(2,70) PC(T),PPLM1({T),PPL(T),PPLP1(D)
11 CONTINUE

W R ™Y i i i
70 FORMAT(4X, A2, 4X.1,2(1X,F10.4,1X.,1). 1X,F10.4)
90 FORMAT(6X,F6.2,7X,1,2X,F6.2,1X, 1" 4X.F6.2)
RETURN
END

EEEELEEELEEELEEELEELEEEEEEELEEEELEOEELEEEEEELLEES
& THIS IS THE ACTUAL SERVICE PRESSURE HEAD SUBROUTINE &
EEEEEELELEEEEEEEEEEEEESEEELELEEELEELEELELEEEELESESE

SUBROUTINE ACSRPR(NNODE,NODE,NNF, ASP,CN,NMSP,PE,PB,PPL,
+ PC, NC)

REAL NMSP, NC

INTEGER CN,FE.PB

CHARACTER IREP*2,PC*2

DIMENSION NODE(1 00}, NMSP(100),PE(100),PB(100),PPL(100),

- ASP(100),PC(100),NC(100)
C CALCULATE THE ACTUAL SERVICE PRESSURE FOR. EACH NODE
C STARTING FROM THE CRITICAL NODE. THE CRITICAL NODE ASSUMES
C AN ACTUAL SERVICE PRESSURE EQUAL TO IT'S MINIMUM SERVICE



C PRESSURE VALUE.
RN = CN
ASP(IRN) = NMSP(CN)
WRITE(2,*) 'ASP FOR CRITL. NODE',CN,' IS, ASP(CN)
WRITE(*,11)
WRITE(™,11)
19 WRITE(*,*)'ACTUAL PESSURE OF WHICH ADJACENT NODE'
WRITE(*,*) DO YOU WANT TO COMPUTE ?'
DO 121= 1 NNP
[F(IRN.NE.PE(T)) GO TO 13
WRITE(*,*) PB(I)
13 IF(IRN.NE PB(I)) GO TO 12
WRITE(",") PE{I)
12 CONTINUE
READ(*,*) ICN
WRITE(®,11)
WRITE(*,11)
WRITE(* ™)' INPUT DIRECTION OF FLOW '
WRITE(*,*) SIGN CONVENTION: '
WRITE(*,*) +VE; FLOW AWAY FROM NODE TO BE COMPUTED'
WRITE(**Y  -VE; FLOW TOWARDS NODE TQ BE COMPUTED '
WRITE(*y  IF POSITIVE TYPE 1; IF NEGATIVE TYPE 2
READ(™™ K
IF(K.EQ.1YGO TO 15
DK =-1.0
GO TO 16
15DK=1.0
16 DO 14 N=1,NNODE
IF(ICN.NE.NODE(N)) GO TO 14
DO 171= 1,NNP
IF(IRN.EQ. PE(). AND.ICN.EQ.PB(D)
- OR.
+ IRMN.EQ.PB(I) AND.ICN.EQ PE(I)) GO TO 18
GO TO 17
18 WRITE(* *y'THIS IS PIPEY, PC(I),EN="N
ASP(ICN) = ASP(IRN) + DK*PPL()
WRITE(*,*) 'ASP FOR NODE',ICN, IS', ASP(ICN)
17 CONTINUE
14 CONTINUE
IRN =ICN
WRITE(*,11)
WRITE(*,11)
WRITE(*,*) MORE NODES TO BE COMPUTED ?'
WRITE(*,*) INPUT "Y" FOR YES AND "N" FOR NO'



READ(*,'(A)) IREP

IF(IREP.EQ." Y GO TO 19

WRITE(2,%) '
WRITE{(2,*) TABLE 6 y
WRHE{E,*T e —— r

WRITE(2,*YNODE | MIN.S.P | ACTUAL.S.P'
WRITE(2,*)" -
DO 76 N =1, NNODE
WRITE(2,75) NODE(N), NMSP(N), ASP(I)
16 CONTINUE
WTEE.*T '
75 FORMAT(1X12, 2K, 1X.F9.5,1X,,2X,F14.5)
11 FORMAT(/, '/h
RETURN
END

SEEEEELEEELESEEEEEEEEEREEEERELEERELEEEELELELLES
& THIS IS THE SURPLUS PIPE FPRESSURE HEAD SUBROUTINE &
SEEELELEEEEEEEEELELELEEELEEELELEEEELEELEEELEELEEE&&E&E &S

SUBROUTINE SPPIPR(NNODE,NNP,NPCP, ASP, NMSP,PE,PC,SPP,
+ SPN,CPP,RPP,ACPP,ARPF)

CHARACTER PC*2,PCP*2

INTEGER PE

REAL NMSP

DIMENSION ASP(100),NMSP(100),PE(100),PC(100),SPP(100),
+  SPN(100),CPP(100),RPP(100),PCP(100), ACPP(100),
+  ARPP(100)

C CALCULATE SURPLUS PRESSURE OF ALL NODES AND PIPES WITHIN
C THE NETWORK

DO 23 N = 1,NNODE
SPN(N) = ASP(N} - NMSP(N)

23 CONTINUE
DO 71 I=1,NNP
DO 71 N=1,NNODE
IF(PE().NE.N) GO TO 71
SPP(D) = SPN(N)

71 CONTINUE

C INPUT ALL THE PIPES ON THE CRITICAL PATH FROM SOURCE TO

C CRITICAL NODE ASSIGN A ZERO VALUE FOR SURPLUS PRESSURE FOR
C ALL PIPES ON THE CRITICAL PATH



DO 33 IP = 1, NPCP

WRITE(*,11)

WRITE(*,11)

WRITE(*,*)INPUT NO',IP, PIPE ALONG CP.'
READ(*,'(A)) PCP(IP)

WRITE(2, (A)YPIPE: PCP(IP)

DO 34 I= ] NNP

I[F(PCP(IP).NE.PC(I}) GO TO 34
SPP(D) = 0.0

34 CONTINUE

33 CONTINUE
WRITE(2,*y TABLE 7 '
WRITE(2,*) —_— ,
WRITE(2,"PIPE | SURPLUS PRESSURE
WRITE(2,*)
DO 361=1,NNP
ACPP(T) = CPE(T) - SPP(l)
ARPP(T) = RPP(I) - SPP(D)
WRITE(2,95) PC(T),SPP(D)

36 CONTINUE
WRITE(2,*Y---- '

11 FORMAT(/Y, "D

95 FORMAT(2X,A2,1X,7,1X,F14.5)
RETURN
END

*

ELEEEEEEEEESEEELEEEEEEELEELLEEEELEEEEEELEELEELSES
& THIS IS THE PIPE MODIFICATION SUBROUTINE &
EEEEEECESELLEHLELESEEEEEEEEEESEEESEEEEEEEGLELES

SUBROUTINE PIPMOD(MNNP,NSP,E25,ASP,PD,PL . PDP1, 58D, 5C,
+ MECC ACPP ARPP PC NCISN, TEC25, TPCC,TC)

CHARACTER CDEC*25,RDEC*25,CDER*1, RDER*1, PC*2
REAL NMSP,MECC,MECR, NC
DIMENSION PL(100),PD(100),SD(100),8C(100), ASP(100),PCC(100),
+ PDP1(100), ACPP(100), ARPP(100),CPCC(100),RPCC(100), MECC(100),
+ PCS(100), MECR(100),PCA(100),PCPN(100),PCP(100), CDEC(100),
+ RDEC(100),PC(100),NC({100)
€ CALCULATE MARGINAL AND TOTAL ENERGY COST FOR 25 YEARS
MEC25 = E25 * ABS(NC(ISN))
TEC25 = MEC25 * ASP(ISN)



TPCC = 0.0
C CALCULATE TOTAL PIPE COST FOR NETWORK
DO 24 1=1NNP
DO 2518 = 1,NSP
IF(PD(T).NE.SIHISHGO TO 25
PCC(D) = SCUS) * PL{)
CPCC(D = SC(S-1*PLO)
RPCC(D) = SCIS+1)*PL{D)
TPCC = TPCC + PCC()

25 CONTINUE
24 CONTINUE
TC=TECIS + TPCC
C RECOMMENDATIONS SUGGESTED FOR THE REDUCTION OR INCREASE
C OF MOST OR ALL OF THE PIPES WITH]}I THE NETWORK.

WRITE(2,*)

WRITE(2,%) TABLE 9a '

WRITE(2,%) — '
WRITE(2,)PP|A P LSSMG ENG. CTS| PPE.CST | DECISION.
WRITE(2,*)’

DO 38 1= 1,NNP
MECC(T) = ACPP(T) * MEC25
PCS(T) = PCC(T) - CPCC{D)
IF(ACPP(I).GE.0.0) GO TO 41
WRITE(*,11)
WRITE(*,11)
WRITE(*,*YPROGRAM RECOMMENDS THAT YOU REDUCE THE DIAM'
WRITE(M™™Y  [\PD{}, 'JOF PIPE[\PC(D, ']. DO YOU REALLY"
WRITE(™,*Y WANT TO REDUCE THIS DIAMETER 7'
WRITE(™,*)' TYPE Y FOR YES AND N FOR NO!
READ(™,(A)) CDER
IF(CDER.NE."Y") GO TO 101
CDEC(I) = 'REDUCE PIPE DIAMETER'
DO 84 IS = | NSP
IF(PD({T).NE.SD({18)) GO TO 84
PD(T) = SD(IS-1)
WRITE(Z,*Y |
WRITE(2,*Y -
WRITE(™,™)PD(T)
84 CONTINUE
GO TO 37
101 CDEC(I) = ' DIAMETER OKAY '
WRITE(2,*)' '
WRITE(2,*)' -
WRITE(*,*)PD(T)



GO TO 37

41 CDEC() ="' WAIT '

37 WRITE(2,80)PC(), ACPP(I), MECC(), PCS(D), CDECD)

38 CONTINUE
WRITE(2,™)' '
WRITE(2,*) TABLE 9b .
WRITE(2,*) —_— '
WRITE(2,*)PP|A. P LSS|MG.ENG. SAVIA PP.CST | DECISION.
WRITE(2,*)'
DO 821 =1,NNP
IF(ACPP(I).LT.0) GO TO 82

MECR(I) = ARPP(D) * MEC25
PCA() = RPCC(T) - PCC(D
F(ARPP(T).LT.0.0) GO TO 43
WRITE(*,11)
WRITE(*,11)
WRITE(™,*)PROGEAM RECOMMENDS INCREASE OF THE DIAM'
WRITE(**) [,PD(D), '] OF PIPE[',PC(D), ']". DO YOU'
SSUWRITE(**)  REALLY WANT TO INCREASE THIS DIAMETER 7.
WRITE(™,*) TYPE Y FOR YES AND N FOR NO'
READ(*,'(A)) RDER
IF (RDER.NE.'Y") GO TO 43
RDEC(T) = TNCREASE PIPE DIAMETER'
WRITE(2,80)PC(D), ARPP(T), MECR(D), PCA(D), RDEC(D)
DO 83 K = 1, NSP
WRITE(2,*) '
WRITE{2, ") -
PD() = PDPL(T)
WRITE(*,*)PD(D
83 CONTINUE
GO TO 82
43 RDEC(T) = 'DIAMETER OKAY'
WRITE(2,80)PC(), ARPP(D), MECR(D), PCA(D, RDEC(H)
WRITE(2, =)
WRITE(", *}PD()
#2 CONTINUE
“mITE{.E.-T i
11 FORMAT(/, "0
80 FORMAT(A2,,F6.2,1X,1,F10.2,,F9.2,1, A25)
RETURN
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Rk :mm IS THE FINAL RESULT SUBROUTINE &
] s : N

SUBROUTINE FINRST(TPCC, TEC25, TC)
WRITE(2,*)'
WRITE(2,%)'
WRITE2,"YTOTAL PIPE COST,TPCC IS.[.TPCC,"'JNAIRA'
WRITE(2,*) TOTAL ENERGY COST,TEC25 IS:[', TEC25, TNAIRA
WRITE(2,*Y THEREFORE
WRITE(2,*'THE TOTAL COST OF DISTRIBUTION SYSTEM, TC'
WRITE(2,*) FOR 25 YEARS IS:[,TC. INAIRA'
WRITE(2,™y »
WRITE(*,11)
WRITE(*,11)
WRITE(* *) TOTAL PIPE COST, TPCC IS:[', TPCC, INAIRA'
WRITE(",*) TOTAL ENERGY COST,TEC2S IS:[, TEC25, [NAIRA’
WRITE(* *) THEREFORE
WRITE(™ *)'THE TOTAL COST OF DISTRIBUTION SYSTEM,TC'
WRITE(* ™) FOR 25 YEARS IS:[, TC, ]NAIRA'
11 FORMAT(/L, "0
RETURN
END

—




